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Our inventlon relates to lubricating oils and
more perticularly to a lubricating oil of high
quality containing an addition agent improving
its film strength and oiliness.

This spplication is & continuation in part of
our co-pending application, Serial No. 65,090,
fled February 21, 1936.

Present-day mechanical devices require lubri-
cating oils of high film strength and of high
oiliness characteristics. It has been found that
the present-day hydrocarbon lubricants of the

very highest quality are deficient in these two,

very important characteristics. These two prop-
erties are of vital importance under conditions
of thin film lubrication where the lubricant has
been squzezed from between the friction surfaces
due to high pressure, slow speeds, and other
causes. It Is readily seen that the viscosity or
the body of the lubricant plays no part in this
type of lubrication and that the remaining film
of oil must have a very high fillm strength and
be of high oiliness value to prevent rupture of
the film of the lubricant, which would cause
selzure, and tend to keep the coefficient of fric-

g tion as low as possible.

Mechanical devices are being designed for hzgh~
er pressure operation and the film strength of the
best quality straight hydrocarbon lubricant has
teen found to be too low. It will be cbvious that
an invention which provides the means of im-
proving the flim strength of these lubricants is
of great importance to the art of lubricant man-
ufacture and to the designer and fabricator of
mechanical devices,

Substantiaily all machines operate in part or
at times totally under conditions of boundary or
ihin film lubrication, under which conditions the
oiliness or unctuosity of the lubricant is the first
and primary requisite of efficient operation.
Those skilied in the art of lubricant manufac-
ture or machine manufacture will readily appre-
clate the value of an invention that will improve
the olliness of these otherwise high quality lubri-
cants.

In starting idle mechanical equipment which is
lubricated from a sump by pumping or circulat-
ing the lubricant, there is always a short period
of time in which the rubbing surfaces must op-

erate under conditions of dry friction if ordi-

nary hydrocarbon lubricants are used. With dry
friction, the wear on friction surfaces is ex-
treme; and during cold weather when the lubri-
cant is sluggish or during periods when the
lubricating system is not functioniag properly for
one reason or another, rubbing surfaces may not

only suffer considerabie wear but may be. dam-

aged to the point where they must be replaced.

The product of our invention has a very im-

portent property of reacting with the metal sur-

faces, penetrating or absorbing on the metal sur-

(CL. 252—45)

faces, and leaving a film of lubricant with high
oiliness character, which remains on the metal
surface irrespective of the length of time the
machine has been idle.

This high oiliness film glves very even and
smooth operation, which may be easily discerned
by the experienced operator and lubricating en-
gineer.

When the hydrocarbon lubricants are diluted

"with unburned fuel or with other light hydro-
carbons the small degree of oiliness of the orig-
inal hydrocarbon lubricant is greatly decreased.
We. have found that the addition of the prod-
ucts of our invention to hydrocarbon Iubricants
more than compensates for the loss in oiliness and
lcad-carrying ability from dilution.

Most oils and greases change color and/or de-
teriorate when exposed to iight or the oxygen of
the ajr during use or storage. Deterioration dur-
ing use of a hydrocarbon oil in an internal com-
bustion engine takes the course of sludge forma-
tion and the production of soluble acids and/or
corrosive materials. Purthermore, ordinary Iu-
bricants are low in fiim strength.

In the prior art, it has been suggested that
oxidation inhibitors or antioxidant materials
such as weakly basic nitrogen compounds includ-
ing the aliphatic amines and the like, or metal-
lic compounds including compounds of tin, chro-
mium, zinc and the like, be employed.

One object of our invention is to provide g
lubricant which has a reduced tendency to oxi-
dize and form sludge and soluble oxidation prod-
uets.

Another object of our invention is to provlde
& Iubricant of increased flm strength.

A further object of our Invention is ¢o pro-
vide & stabilized lubricant which produces in
use less material corrosive to the parts belng
lubricated.

A still further object of our invention is to
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provide a lubricant which may be used from five .

to ten times as long as ordinary lubricants before
it is necessary to discard the Ilubricant on sc-
count of its corrosive action on the parts be-
ing lubricated.

Other and further objects of our invention will
appear irom the following description.

In general, our invention comprises the addi-
tion of relatively small amounts of stable, hetero-
cyclic sulphur compounds to hydrocarbon lubri-
cants. The hydrocarbon portion of our com-

pound may be comparatively viscous or nonvis-

cous, refined or unrefined, natural or synthetic.
In other words, any hydrocarbon oil may be
used within the scope of our invention.

In practicing our invention, we use only stable
organic sulphur compounds which may contain
other inorganic elements, as for ezample, oxy-
gen, hydrogen, phosphorus, ete.

“We ‘are aware
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of the use of sulphur-treated and sulphur-chlo-
ride-treated ofls in the improvement of lubri-
cating olls. An example of 'such sulphur chlo-
rinated oils is shown in U. S. Patent No. 461,513
issued to Sommer, dated Dctober 20, 1891, Sul-
phuretted lard oil and other oils have been used,
but all these oils treated with sulphur or. sul-
phur chiloride and the like contain sulphur in a
relatively loose, unstable or chemically corro-
sive condition. In our invention, on the con-
trary, the sulphur compounds -designed to be
used as addition agents contain sulphur in a
- yery stable form; that is, firmly bound in a

chemical combination. Furthermore, none of the .

compounds included in our invention may be
made by direct treatment of any material with
sulphur, or suiphur chloride with or without the

" aid of heat. :
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We have discovered that certain heterocyclic
compounds. of sulphur, when added in small
quantities to an otherwise flnished lubricant,
form mixtures having corrosion inhibiting prop-
erties, improved flim strength and long life. In
addition, it has been found that these compounds
inhibit the formation of finely divided oil-in-
soluble carbonaceous material commonly known
as “sludge.”
prevents lubricants to which our compounds have
been added from darkening in use or storage.

Furthermore, the addition of our compounds
to a lubricant increases its load carrying capac-
ity, thus affording an increased lubricating safety
factor in reducing friction and preventing metal
to metal contact in bearing and other rubbing
surfaces. "

Our invention consists in adding to an other-
wise finished lubricant, a suitable amount of a
heterocyclic organic compound containing at
least one ring consisting of carbon and other

atoms but including in such ring at least two sul-

_phur atoms. Other atoms beside carbon and
sulphur such as oxygen, nitrogen, and other in-
organic elements may be present in the ring with
the two or more atoms of sulphur or in other
tings or parts .of the molecule. Various sub-
stituting groups may be present without impair-

. ing the effectiveness of the two sulphur atom
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rings. Thus, groups such as alkyl, aryl, aryl-al-
kyl, hydroxyl, amino, nitro, carboxyl, cyano, al-
dehyde, ether carbinol, and others may be pres-
ent in any part of the molecule. Selenium and.
tellurium are to be considered equivalents of

- sulphur in those cases in which the correspond-
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ing compounds exist.

Specific examples of compourids which may be

used in our invention are:
Trithioacetone,

, 8—C=(CHs)
. (CH)sO 8
8—C=(CH))s
1,3,5-trithiane,
8~-CHjy

/ N
.o 8
o
and its other derivatives such as trithiobenzal-
- dehyde
8—CH—CiH:

OdHiC - 8
\8—0840031

This sludge inhibiting property -

2,218,804

1,4-dithiane, : ,
CH;—CH;
/ AN
s\ /s
CH;—CHj}
1,4-dithiine,
CH=CH
S/ N
\cn=cn/
and their derivatives such as thianthrene,
. 8 :

s
dioctadecyl thianthrene,

7/ 8 —CisHn
CuH: s
and 2,5-diphenyl-1,4-dithiine,
CeHs—C=CH
8 8
‘BH=C£CJI|

“Examples of other compounds which may be
used are: ' .
1. Dimethylene disulfide,

.8
o’ “om
\N./.
-8
and its derivatives, such as desaurin:
8
_CoHuCO.CH:C/ \C?‘-CH.CO.COHI
' y 8
2. Trimethylene-1,2-disulfide,
: CHs—
CHz/ , l
. \CHa—-
and its derivatives. . .
3. Trimethylene-1,3-disulfide
g 8—CH;
dH: ’
8—CHas .
and its derivatives, such as:
o 8—CHjs
CsHsCeH(COCH=C

. 8—-CHy
4. Dithiazolidine,

8§—=8 -

| OH’/‘\N-H—-lH:

ahd its derivatives such as phenyl thiuret:
[ p—

7/
CiHiN=C
“NE-&-NE

8—8
CcE -
X

5. Dithiodiazole,

N
N—NH

and its derivatives such as thionyl diphenyl
pseudo thiocarbazone ’
CHN=N—C==N
—8 0—N—CiHj,
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6. 1,3-dithiane,
‘ /cm—cm
S N /C H;
CHr——&8

and its derivatives such as 2,2-dimethyl-1,3-
dithiane:

CH,—CH;

/

S\ . CHx»
- C(CHa)s—8'
7. Thialdine, .
. S—CH.CHz
NH
, s—cﬁ.CH.
and its derivatives such as methyl thialdine:
: S—CH.CH;
NCIHs
J }
$S—CH.CH;

8. Compounds containing larger than six
membered rings with at least two sulphur atoms
in the ring such as dithio disalicylide .

CO—8 '
: CO—8

tetraethenyl hexasulphide:

S s 8 S

cngc/——-sic_{é_m

Any of these compounds or other members of
the classes represented or their derivatives are

CH;CH

CH;CH

‘used within the scope of our invention. Pref-

erably we use from .5 to 2 per cent of one or more
of these addition agents to lubricating oil; but

‘In some cases we may use as low as .01 of 1 per

cent or as high as 15 per cent or more. .

In practicing our invention, oil soluble stable
sulphur compounds  are to be selected. Such
compounds as are insoluble in the hydrocarbon

oil may be used in colloidal suspension or:
emulsion in the hydrocarbon oil accompanied by -

suitable stabilizing agents for rendering the
emulsion or suspension permanent. The selec-
tion of a particular compound or combination
of compounds to he used as an addition agent to
hydrocarbon oil is to be made considering the
use to which the blend is put. Thus if water is

likely to be present during use, a stable sulphur

‘compound or combination of compounds is
selected which are not affected by water. If a
particular added stable sulphur compound proves
too volatile for its application, a higher boiling
stable sulphur compound should be used and the
more volatile compound used for blending in a
hydrocarbon oil intended for duty at lower tem-
perature. In generasl, we prefer to use com-
pounds having boiling points over 150° F. Some
of these stable sulphur compounds may be too
odoriferous for certain purposes. In such cases
the odor is covered by & suitable perfuming agent.
Such details of practice will be apparent to any-
one skilled in the art. .

It is sometimes advantageous to combine more
than one of these compounds in a blend to ob-
tain particular properties. - We accomplish this
by mixing two or more of these compounds to-
gether and blending the mixture with the hydro-
carbon oil or by blending one in the hydrocarbon
oil, blending the second into this mixture and so
on until the composition is complete.

provement other than film strength to the hydro-
carbon oil.. For example the sludging tendencies
may be decreased by as little as 0.01 per cent
of some suiphur compounds. The oxidation
characteristics of lubricants is very important in
some services, and such is improved by sulphur
compounds as a rule. The ability to reduce fric-

" tion is another feature contributed to lubricating

oils by some sulphur compounds. -

To test the effectiveness of these heterocyclic
sulphur compounds as corrosion inhibiting
agents, we employed a corrosion testing apparatus
which comprised an oil container, an electric
motor, an electric heater, and & clamp shaft.
The oil container comprised an iron cup about
four inches in diameter and eight inches. deep,
equipped with vanes at the sides and bottom
thereof. The electric motor was a + H. P,
operating at 1700 R. P, M. The motor was
mounted directly over the oil container. The ofl
heater was mounted within the oil container and
equipped with a temperature control apparatus.
The clamping shaft is directly connected to the
motor. - The other end of the clamping shaft is
provided with a bearing in the bottom of the oil
container. Adjustable clamps are provided for
holding specimen bearings while rotating in the
oil container. Test bearings were prepared by
sawing automobile half bearing inserts into two
one-half width pieces. The test bearings were

prepared for test by polishing the bearing sur-.

faces with number 100 emery paper and weigh-
ing. Eight hundred cubic centimeters of the
o0il to be tested were placed in the cup and
agitated by rotating the shaft with half of the
bearing clamp attached until the oil reached the
test. temperature of 350° F., being raised to this
temperature by the heater. The shaft was then
removed and the shaft with test bearings clamped
in place and the motor started. Air at a meas-
ured rate of 200 cubic centimeters per-minute
was bubbled through the oil. The motor was
stopped at intervals and the test bearings in-
spected. This process was continued until it was
noted that corrosion had commenced. -The cor-
roded test bearings were then washed with gaso-
line and then with s solution containing one part
toluene, one part ethyl acetate and one part 96
per cent ethyl alcohol. They were then wiped
with a soft cloth, dried in an oven and weighed.
The weight loss of the test bearings was plotted
against the time on cross section paper, showing
the time elapsing before corrosion began.

A number of bearings were tested by this
method, with various lubricating ofls by them-
selves and various lubricating oils with various
amounts of thianthrene or other heterocyclic
sulphur compounds added. The amount of the
addition agent added varied befween .05 of one
per cent and two per cent. As a result of these
tests, it was found that, if a mineral oil without
the addition agent could be run for about four
hours before corrosion began, a small amount
such as v of one per cent of thianthrene could
be run for aboui ten hours before corrosion com-
menced and that, in general, lubricants to which
thianthrene had been added were twice as re-
sistant to corrosion and deterioration as the same
lubricants to which no addition agent had been
added. _

This corrosion resisting and inhibiting effect
obtained, too, in hydrocarbon oils which were
thickened with various soaps to form greases.

- It will be understood that certain features and

g

The various sulphur compounds may give im-
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.is within the scope of our claims.

sub-combinations are of utility and may be: em-
ployed without reference to other features and
subcombinations. This is contemplated by and

obvious that various changes may be made in de-
tails within the scope of our claims without de-
parting from the spirit of our invention. It is,
therefore, to be understood that our invention

is not to be limited to the speciﬁc details shown.

and described.

Having thus described our 1nvent10n what we
claim is:

1. A lubricant comprising in combmation a
hydrocarbon oil and a small quantity of an
organic compound containing at least two sul-
phur atoms in a heterocyclic ring.

. A lubricant comprising in combination a
hydrocarbon oil and from 0.05 to 2.0 per cent by
weight of an organic compound containing at
least two sulphur atoms in a heterocyclic ring.

3. A lubricant comprising a major proportion
of hydrocarbon oil and from 0.05 to 2.0 per cent
of thianthrene.

4. A lubricant comprismg a major proportion
of hydrocarbon oil and from 0.05 to 2.0 per cent
of a substituted thianthrene.

5. A lubricant comprising in  combination a
hydrocarbon oil and a small quantity of an
organic compound containing at least two non-
adjacent sulfur atoms in a heterocyclic ring.

6. A lubricant comprising in combination a
hydrocarbon oil and from 0.05 to 2.0 per cent by

weight of an organic compound containing at

It is further

2,313,804

‘least two non-a.djacent sulfur atoms ina hetero- .

‘eyclic ring.

7. A lubricant comprising in combination a
hydrocarbon oil and a small quantity of a cyclic
mercaptal. .

8. A lubricant comprising in combination a
hydrocarbon oil and from 0.05 to 2.0 per cent by
weight of a cyélic mercaptal.

9. A lubricant comprising in combination a -

hydrocarbon oil and a small quantity of a cyclic
mercaptol.
10. A lubricant comprising in combination a

hydrocarbon oil and from 0.05 to 2.0 per cent by

weight of a cyclic mercaptol.

11. A lubricant comprising in combination a
hydrocarbon oil and a small quantity of thian-
threne.

12. A lubricant comprising in combination a

hydrocarbon oil and a $mall quantity of a sub-
stituted thianthrene.

13. A lubricant comprising in combihation a
hydrocarbon oil and a small quantity of trithio-
acetone,

14. A lubricant comprising in combination a
hydrocarbon oil and from 0.05 to 2.0 per cent by
weight of trithioacetone.

15. A lubricant comprising in combination a
hydrocarbon oil and a small 'quantity of 2,2-
dimethyl-1,3-dithiane.

16. A lubricant compnsing a . major propor-

tion of hydrocarbon oil and, from 0.05 to 2 0 per.

cent of 2,2-dimethyl-1,3-dithiane.
BERT H. LINCOLN
GORDON D. BYRKIT.
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