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This invention relates to lubricants and is more
particularly concerned with lubricants for use in
lubricating moving metallic parts which are sub-
jected to extreme pressure conditions such as are
encountered in the transmission and differential
of automobiles and trucks having hypoid gears.

In Patents Nos. 2,142,998 and 2,211,306 are dis-
closed Iubricants and lubricant additives made
by phosphorizing and sulfurizing and phosphor-
izing fatty bodies. Additives and lubricants made
in accordance with these patents have been wide-
1y and successfully used for many years for lubri-
cation of hypoid gears and other mechanism in
which the lubricant is subjected to extreme pres-
sure conditions.

In recent years, however, a {esting machine has
been devised known as the S, A. E. testing ma-
chine for testing load carrying ability of lubri-
cants. Some automobile manufacturers will not
approve a lubricant for use in the transmission
and differential of their automobiles unless the

-lubricant passes the S. A. E. test. Lubricants
made in accordance with the aforesaid patents
while giving eminently satisfactory service in ac-
tual use and while being able to give an extremely
high rating on the Timken test give a low rating
on the S. A, E. testing machine. Both the Tim-
ken and S. A. S. test and the machines used in
these tests are widely known and used in the
automotive and lubricating oil industries and have
been described in various publications. Various
additives have been experimented with for pro-
ducing & lubricant which will not only give good
performance under actual service conditions but
which will pass the Timken and S. A. E. fests
and at the same time not be too corrosive. It
has been found difficult, however, to realize all
of these conditions for generally thosé materials
which give good S. A. E. tests are corrosive,
whereas the materials which give good Timken
tests generally do not give good S. A. E. tests and
vice versa. .

I have discovered a composition which substan-
tially meets the required condition .of good per-
formance in service, good Timken and S. A, E.
tests and low corrosion. I have discovered that
by adding a small amount of an organic poly-
sulfide, particularly an aryl or aralkyl disulfide,
to a mineral oil lubricant containing a phosphor-

_ized or sulfurized and phosphorized fatty body,
the resulting product not only has a satisfactory
Timken test but also satisfactory S. A, E. and
corrosion tests.

In order to prepare compositions in accordance
with my invention it is merely necessary to blend
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with mineral oil containing the phosphorized
or sulfurized-phosphorized fatty body as disclosed
and claimed in Patents Nos. 2,142,998 and
2,211,306, the organic polysulfide in amounts of
approximately .5 to 5% but preferably 2 to 5%
by weight. As organic polysulfides which are use-
ful in accordance with my invention may be
mentioned the aryl and aralkyl polysulfides such
as dibenzyl disulfide, phenyl disulfide, tolyl di-
sulfide and xenyl disulfide. I may also use poly-
sulfides having more than two sulfur atoms in
the molecule. For example I have prepared poly-
sulfides from the disulfides of the various com-
pounds mentioned above by reacting one mol of
the disulfide with 1 to 4 mols of sulfur at tem-
peratures of approximately 300 to 310° F. By
heating the aryl or aralkyl disuliides with sulfur
at this temperature with intermittent stirring for
a period of 5 to 10 hours the sulfur can be com-~
£0 pletely reacted with the disuifide to form poly-

sulfides from which sulfur does not crystallize out

upon standing. .

In addition to the aryl and aralkyl polysulfides

I may use aryl-alkyl polysulfides and aralkyl-aryl
28 polysulfides, aralkyl-alkyl polysulfides, and dialkyl
polysulfides. In the case of the di-alkyl polysul-
fides the alkyl chains should contain at least six
carbon atoms in the combined chains and pref-
erably at least six carbon atoms in at least one
chain. Thus, although I may use dipropyl di or
polysuifides, I prefer to use gdihexyl or higher
polysulfides. .

Tn order to make a stable lubricating oil blend,
the mineral oil containing the phosphorized or
sulfurized fatty body is mixed with the poly.
sulfide and the mixture heated to a temperature
of approximately 175 to 180° F. for a period of
approximately 30 minutes. If the blending is
carried out under these conditions no separation
takes place in the material upon standing. In
order to obtain & product having desirable char-
acteristics the mineral lubricating oil should be
blended with from approximately 10 to 20% of
the phosphorized or sulfurized-phosphorized fatty
oil E. P. ‘base and with approximately 2 to 5%
of the polysulfide. Although lesser amounts of
the additives show improved load carrying ability,
they will not as a general rule give Timken and .
8. A. E. tests which are considered high enough
to indicate their usefulness under all service con-
ditions. On the other haid amounts of additives
in excess of those indicited do not appear to
further enhance the load carrying ability of the
mineral oil. .

A series of tests was made to demonstrate the
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effect on Timken and S. A. E. tests of ‘additives

in accordance with my invention. : The results on
these tests are tabulated in Table I.

Table I ' 5
Timken tests at ‘
800 R. P. M. 8. A. E, tests in lbs.
Test | Ofl | Additive
Deam | Bressure, | 10 0 10
oaqd In S. per
1bs. 8q. inch R'P'_M R.P.M
O 12] 7500 80 85
gg ig/% . 59 | 33,750 100 145
N T AN 0 85
M | 2% #2.... 25 13, 000 75 % 16
M | 3% #7033 1450 90 2105
) | 5% #2201 33| 13800] 2117.5 3255
o Pk} s s 100 2185
8. 10} é’?,/;% ﬁ;_:-{ s1|. 20,780 2075 21333
18% #1. 0.
9| O {?Z&oﬁ 4V s 2,780 2315 375 20
0., (n) {fg ﬁ'::} 51| 29,250 550 [
m._. ® {%Z‘; ﬁ:':} 431 26,500 265§ ...
3 oAl -
12 ® gk ot BRI ) 75 |
13.... ® igﬁ_:j; 33 |. 26,500 265 | . 25
Mo ® {}f{; ﬁ::: 43| 24,500 3200 ...
15 1) {1%° - } 33| 24,250 | 21626 ._.._..__
6. @ |2 18 5000 0}
30

12000 viscosity @ 100° F. Gulf Coast pale.

3 Average.

3 1200 viscosity @ 100° F..Gulf Cosst pale.

4 8elzed during run-in.

#1 Lard oil sulfurized and phosphorized in accordance with

Patent No. 2,211, 306.

#2 leenzyl disulfide. °

#3 P-ditolyl disulfide reacted with 3 mols sulfur.

#4 Dibenzyl disulfide reacted with 3 mols sulfur.

#5 Dibenzyl disulfide reacted with 2 mols sulfur.

#6 Dibenzyl disulfide reacted with 1 mols sulfur.

A Gulf Coast pale minera] lubricating oil hav-
ing a viscosity of 2000 seconds Saybolt at 100° I
was used in tests 1 to 10 for the reason that this
oil is used as oil stock in commercial lubricants
that have been sold for a number of years as ex-
treme pressure lubricants. A Gulf Coast pale
mineral lubricating oil having a viscosity of 1200
seconds Saybolt at 100° F. was used in tests 11 to
15. It will be seen from a comparison of tests 1
and 2 that sulfurized-phosphorized lard oil great-
1y improves the Timken test of the mineral oil, but
does not materially improve the 8. A, E. test. Itis
likewise apparent from tests 3 to 6 that dibenzyl
disulfide in amounts varying from 1 to 5% im-
proves both the Timken and the S. A. E. to some
extent, but not nearly sufficiently to be satisfactory
for service. ‘Experience with phosphorized-sul-
furized fatty oil type lubricants has shown that
when such lubricants carry a beam load of 50 Ibs.
or more and hold a pressure of approximately
25,000 Ibs. per square inch and upward on a Tim-
ken machine the lubricant is entirely satisfactory
for use under actual service conditions. Those
who rely on the S. A. E. test as a measure of load
carrying ability of extreme pressure lubricant re-
gard 250 to 300 lbs. at 1000 R. P. M. as being the
minimum load which the lubricant should carry.
550 1bs. is the maximum load which the machine
will measure at 1000 R. P. M.

From a consideration of the results given in the
table it is apparent that the addition of the poly-
sulfide lowers the Tinken test to some extent, but
does not affect it to such an extent as to bring it
below the point which is considered satisfactory.
Whereas when sufficient polysulfide is added the
S. A. E. test is improved to an extent far beyond
that which would be expected from 8, A. E. tests

65

35

- 40

50

55

60

70

2,882,115

1 to 6. Note particularly the results on tests 9
and 10.
. Although polysulfides having more than two

.sqlfur atoms in the molecule have a more marked

effect on the S. A. E, test, I prefer to use the di-
sulfides for the reason that the disulfides are not
as corrosive and do not affect the Timken test
adversely to the same extent as the higher poly-
sulfides. Thus, although it requires a larger
amount of the disulfide to achieve the same
S. A. E. test as in the case of the higher poly-
sulfide, the extrs amount of disulfide used does
not adversely affect the Timken test to the same
extent as the higher polysulfides do in smaller
amounts. Moreover the disulfides are not as cor-
rosive as the higher polysulfides-and consequent-
ly less wear on the metallic parts is experienced
when using the disulfide rather than the higher
polysulfides.

In accordance with my mventmn it is possible
by judicious blending of the additives to meet
almost any requirements for extreme pressure
lubricants. Thus, if both high Timken test and
high S. A. E. tests are required with low corrosion,
these conditions can be met by blending with the
mineral oil 18% by weight of sulfurized phos-
phorized fatty material and 5% by weight of di-
benzyl disulfide. If the emphasisison the S.A.E.
test without the necessity of having a Very high
Timken test and low corrosion the higher poly- -
sulfides such as tri-, tetra-, penta-, and hexa
polysulfides may be used. JFor example I have
found that when using dibenzyl disulfide reacted
with 3 mols of sulfur.in the manner previously
set forth the resultant polysulfide when added in
the amounts of 2 to 3% by weight to mineral

‘lubricating oil containing 18% of sulfurized phos-

phorized lard- oil will carry the full load on the
S. A. E. machine but is somewhat more corrosive
than the disulfides.

In order to determine the corrosiveness of a
lubricant containing dibenzyl disulfide a metallic
copper strip was immersed in this and other lu-
bricants and kept immersed at temperatures of
250 and 300° F. for a period of one hour. The
sample of mineral oil containing 18% of sulfur-
ized-phosphorized fatty oil and 3% of dibenzyl
disulfide showed no stain or deposit at 250° F

‘and at 300° F. showed only a light, sooty deposit

which was easily removed. After the deposit
had been removed the copper beneath appeared
unaffected. In comparing this lubricant with
mineral oil containing 18% - of sulfurized-phos-
phorized lard oil and no dibenzyl disulfide the
corrosions on the two were substantially identi-
cal. On the other hand a sample made by blend-
ing enough sulfur in the mineral oil containing
18% of sulfurized-phosphorized lard oil to give
a comparable S. A. E. test produced a heavy black
deposit which wiped off easily at 250° F., but
which stained the copper strip. At 300° F. this
lubricant gave the same type of deposit and

- stain as at 250° only beth were heavier.

A number of commercial additives were also
tested by adding to mineral oil containing 18%
of sulfurized-phosphorized lard oil, sufficient ad-
ditive to obtain-the desired S. A. E. test and in
each case the copper strip corrosion tests showed
considerable depo§1t and staining.

‘Thus, I have discovered lubricant compositions

"which meet the required laboratory and service

tests without having the disadavntages which
are mherent in other lubricants
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I claim:: .

1. A lubricant comprising & major ‘portion of
mineral lubricating oil, a minor portion of a sub-
stance selected from group (1) consisting ‘of
phosphorized and sulfurized-phosphorized fatty
material and an organic substance in an amount
between 2 and 5% by weight but less than the
amount of group (1) substance selected from
group (2) consisting of aryl, aralkyl, aryl-alkyl,
- aralkyl-aryl, aralkyl-alkyl and dialkyl polysul-
fides, excluding dialkyl polysulfides having less
than 6 carbon atoms
cals, said substances from groups (1) and (2)
‘being present in suficient amounts to materially
improve the load carrying ability of the mineral
lubricating oil. .

2. A lubricant in accordance with claim 1 in.

in the combined alkyl radi-

to 20% by weight of

10

15

which the substance from group (1) is present

{n amounts of 10 to 20% by weight based on the
mineral oil and the substance from group @

‘is present in amounts of approximately 3 to 5%

by weight of the mineral oil. -

- 3. A lubricant in

sulfide. . o .
4. A'_lubricant in accordance with claim 1 in

accordance with. claim 1 in
which the substance from group (2) is an aralkyl
' : 25 than 2 sulfur atoms

J

3

which the substance from group (2) is an aralkyl
disulfide. : ' .

5. A lubricant in accordance with claim 1in
which the substance from group (2) is dibenzyl
disulfide. o v

6. A lubricant in accordance with claim 1 in
which the substance from group (1) is sulfurized
and phosphorized lard oil in the amount of 10
the mineral oil and the
substance from group (2) is dibenzyl disulfide in
the amount of 3 to 5% by weight of the mineral
ofl. .

7. A lubricating oll in accordance with claim 1
in which the substance from group (2) is an
aryl polysulfide. : ; '

8. A lubricating oil in accordance with claim 1
in which the substance from group (1) is a sul-
furized and phosphorized fatty oil and the sub-
stance from group (2) is an aralkyl polysulfide.

9. A lubricating ofl in accordance with claim 1-
in which the substance from group (1) - is sul-
furized and phosphorized lard oil in amounts of
10 to 20% by weight and the substance from
group (2 is an aralkyl polysulfide, having more

per molecule. :
OSEPH B. STUCKER. .



