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- The present invention relates to the imprdve-'

"ment of

hydrocarbon products derived from
petroleum sources and more particularly to the

preparation of improved mineral lubricating oil

- compositions by the incorporation

therein Of a 5

new class of additives which impart improved

- properties to such hydrocarbon products.

" In the development of petroleum lubricating'

~ oils the trend has been to

~ tendency of the oils to form
of solid matter or sludge.

_ to use more and more

. efficient refining methods in order to reduce the
carbon and deposits

- While such highly

10

refined oils possess many advantages, their re-

~ sistance to oxidation, particularly under condi-

~ tions of severe Service,
they are more prone to
- tion products which are corrosive.
erally less effective than the

 against rusting and

ly refined oils they may
on hot metal surfaces,

 engine operating conditions. |

In accordance with the present invehtibn. a
has been discovered

new class of compounds

which when added to refined lubricating

small proportions substantially reduce the tend-
| rfaces, and
 which are particularly efiective in inhibiting the
corrosion. of copper-lead and cadmium-silver
also effective

ency of such oils to corrode metal su

These substances are

bearings.

is generally decreased and.
form soluble acidic oxida-
' They are gen-
| | untreated oils in
‘protecting the metal surfaces which they contact
corrosion due to oxygen and
moisture. Although generally superior to light-
deposit films of ‘“yarnish”
such as the pistons of in-
ternal combustion engines, under very severe
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in dispersing sludge and in maintaining a clean

engine condition. ‘They are likewise effective in
Thibiting oxidation of other petroleum hydrocar-
explained

pon products, as will be more fully
- hereinafter. S o
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The new class of materials whicli have __been |

found to possess

- the stabilizing and detergent
 qualities described above may be considered as
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~ metal salts of hydroc'arbon'-s'ubstituted acids of
. phosphorus in which a portion of the hydrocar-

bon groups contalin

“aliphatic alcohol and an unsulfurized
- monohydric

~ fide (P2Ss) or phosphorus heptasulfide (PsS1)
~ to form an acidic product, and then neutralizing .
‘this product with a metallic base of a metal of
groups I to III of the periodic system. Products

- prepared from the mixture of sulfurized and un-

- sulfurized alcohols have been found to be more

_ a, sulfurized olefinic linkage.
The products are formed by first reacting a mix-
 ture of a sulfurized unsaturated monohydric
saturated
alcohol with phosphorus pentasul-
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il

- chols only.

- phosphorus pentasulfide

- acid.

uniformly soluble in mineral oils than the corre- o
sponding products prepared from sulfurized al-
| Difficulties in preparing soluble
products from sulfurized alcohols are be-
lieved to be due to the building up of large

‘molecules by cross-linking by the sulfur atoms |

between the double bonds of different mole-
cules: but when a portion of the molecule

‘contains a saturated hydrocarbon group, ‘this

cross-linking is el_iminated or reduced to a2 marked
degree. The product formed when the mixture

- of sulfurized and unsulfurized alcohols is reacted

with a sulfide of phosphorus is undoubtedly a mix-
ture of various types of molecules and the exact
constitution of the same is not known.

It is well known that organo-sub_stituted"'di-e

" thiophosphoric acid$é may be formed by reacting

four mols of an aliphatic alcohol with one mol of
_ in accordance with the
equation— : L . |
- 4ROH.+ PiSs —— Z(RO);%:I’—-—SH_:'-I-_ 'H:S . |
In preparing the additives of the present inven-
tion the alcohols and phosphorus pentasulfide -
are reacted in the same proportions, that is, four

~ mols of total alcohol are reacted with one mol of
- phosphorus

pentasulfide. When phosphorus

heptasulfide is employed, twice the above amount

" of alcohols will be employed. In this case the

product will normally consist of mixtures of di-
thiophosphoric acid and monothiophosphorous

The two types of alcohols, that is, the sulfurized

and unsulfurized alcohols, are chosen so that the
 total number of carbon atoms in the two types

will be not less than 16 carbon atoms, while each
alcohol may vary in chain length from 1or2
to about 20 carbon atoms. The unsaturated al-
cohol cannot have less than 2 carbon atoms.
While it is preferable to employ equimolar mix-
tures of the two alcohols, the ratio of the sul-
furized to the unsulfurized alcohol may vary from

sbout 2:1 to about 1:2. Examples of suitable .

unsaturated alcohols which may be suliurized

and employed in accordance with the present in-

vention include allyl alcohol, methallyl alcohol,
crotonyl alcohol, hexenyl alcohol, octenyl aleohol,

" nonenyl alcohol, citronellol, undecenyl alcohol,
‘oleyl alcohol, and the like, and the reaction prod-

ucts of butadiene monoxide with saturated al- :

cohols. The diolefin alcohols are also suitable.
- Thg unsulfurized saturated aliphatic alcohols
which are employed In. admixture with the



. 3 -
sulfurized alcohols include methyl alcohol, ethy]
alcohol, isopropyl alcohol, n-octyl .alcohol, tert.-
octyl alcohol, n-decyl alcohol, stearyl alcohol,
and the like. = -
The alcohol mixture and sulfide of phosphorus

are preferably reacted together in the presence

of an inert solvent, such as benzene, chloroform,
ethylene dichloride, dioxane, or the like, and the
temperature of the reaction should be from about
- 80 to 150° C. 1It is generally convenient to em-
ploy a solvent having a boiling point within this
range and to conduct the reaction at the reflux-
ing temperature of the solvent. The reaction is
conducted until no more hydrogen sulfide is

evolved. | |
The acidic material produced by the above de-

. Scribed reaction is neutralized with a metallie

base. The preferred metals are those of group IT
of the periodic table, especially magnesium, zing,
and the alkaline earth metals. However, it is
possible to prepare useful compounds from the
alkali, metals, aluminum, and other metals of
groups I and III. In preparing the salts the
oxides, hydroxides, and alcoholates of the meta
are convenient neutralizing materigls. |
‘The quantity of the additives of the present in-
vention which is most advantageously blended in
mineral lubricating oils or other petroleum hy-
drocarbon products will depend upon the prop-
erty of the additive which it is most desired to
exploit. When employed for detergent ~and
- sludge dispersing properties, the quantity meost
suitable will generally vary from 1 to 5% by
‘weilght. For merely inhibiting bearing corrosion
-and generally when employed as an antioxidant
the quantity most desired will be from 0.05 to
<%, although quantities as great as 5% may on
occasion be used. For commercial purposes, it is
convenient to prepare concentrated oil solutions
in which the amount of additive in the composi=-
tion ranges from 25 to 509 by weight and to

- 2,659,705
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- Ba(OH) 2.8H20, dissolved in
20

4 .
until the aqueous mixture became permanently
basic o itmus. The aqueous layer was then re-
moved by means of a separatory funnel and the
naphtha layer dried over calcium chiloride and
filtered. The filtrate was evaporated to dryness
at 100° C, and 2 mm. pressure. The residue con-
sisted of 110 g. of a soft, light colored resin which
proved to be readily soluble in mineral lubricat-
ing oil. The product contained 2.849% calcium,
14.30% sulfur, and 5.48% phosphorus.

Example 2.—Barium decanol-sulfurized oleyl
7 dithiophosphate

276 g. (0.5 mol) of the product obtained in
Example 1 (b) was dissolved in 8 mixture of 275
cc. of methanol and 50 cc. of ethyl ether. To this
was added 80 g. (0.25 mol) of barium hydrate,

200 cc. of methanol.
The mixture was stirred for one-half hour and

- filtererd to remove g trace of undissolved mgte-

rial. On evaporation of the filtrate, 265 g. of a
light colored residue was obtained. This wasg

- burified by dissolving in benzol, filtering and re-

25

- to contain 10.56%

30

35

40

transport and store them in such form. In pre-
paring a lubricating oil composition for use gs

& crankcase lubricant, the concentrate will be
- prepared from a lubricating oil base and will be
blended with additional quantities of the base
oil as and when required. - o
- The preparation and testing of examples of the
compounds of the present invention are illus-
trated by the examples to be deseribed in defail
below, but such examples are not to be construed

manner.

- E’:mmp!e_ 1~Calcium decdndl-sulfurized oleyl
| dithiophosphate |

moving the solvent at 100° C. ang 2 mm. pressure.
249 g. of a light colored resin was obtained, which
was readily soluble in oil, and which was found
| barium, 14.21% sulfur, and
39.42% phosphorus. | -

| Emmpze 3.—Bearing corrosion test

Blends containing 0.5% and 1.0%, respectively,
of each of the products of Examples 1 and 2in g

paraffinic type mineral lubricating oil of SAE 20

grade and a sample of the unblended base oil
were submitted to a corrosion test designed to

- mmeasure the effectiveness of the product in in-

hibiting the corrosiveness of a typical mineral
lubricating oil towards the surfaces of copper-
lead bearings. ‘The test was conducted as fol-

lows: 500 ce. of the 0il was placed in g glass oxj-
.dation' tube (13 inches

 tion. The oxidation tube was then immersed in
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a8 limiting the scope of the invention in any
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(ai Sulfurized oleyl - gleohol is 'pi'epared ' by '

heating 6200 g. (23.2 mols) of commercia} oleyl
alcohol to 138° C. and adding 726 g. (22.8 mols)
of sulfur with stirring. The temperature was
raised to 170° C. and heating and stirring were

maeaintained at 325°

8 heating bath so that the ojl temperature was

. ¥. during the test. Two
quarter sections of automotive bearings of cop-
per-lead alloy of known weight having a total
area of 25 sq. em. were attached to opposite sides
of a stainless steel rod which was then immersed
in the test oil and rotated at 600 R. P. M, thus

~ broviding sufficient agitation of the sample dur-
- Ing the test. Air was then blown through the oil

' -,

 ab the rate of 2 cu, ft. per hour. At the end of
each 4-hour period the bearings were removed,
‘washed with naphthg and weighed to determine

the amount of loss by corrosion. ‘The bearings

- Wwere then repolished (to Increase the severity of
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continued at this temperature for three hours.

The sulfurized product contained 10.15% sulfur.
() A three-way reaction flask equipped with a
stirrer and a return condenser was charged with

- 60 g. (0.2 mol) of sulfurized oleyl alcohol pre--

pared as described in (@), 31.6 g. (0.2 mol) of n-
decanol, 22 g. (0.1 mol) of PaSs5, and 30 cc. of
dioxane. The mixture was then refluxed until
no more hydrogen sulfide was
solvent removed by distillation. |

(¢) The product obtained in () was dis-
solved in 150 cc. of solvent naphtha. 150 cc. of

waler was added and the mixture was treated
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given off, and the 7p —_—

- the test), reweighed. and then

subjected to the
test for additional 4-hour periods in like manner.
The results are given in the following table as
“corrosion life,” which Indicates the number of
hours required for the bearings to lose 100 mg. in
weight, determined by interpolation of the data
obtained in the various periods.

Oil or Oil Blend | Corrouiey
- Life (Hrs.)
B ’r 4
Base oil 4- 0.6% Ca salt (Example 1).. .. .. 7777 28
Base oil +- 1.0% Ca salt (Example 1). . ~~-->"""""*"| 38
Base ofl + 0.5% Ba salt (Example ) "7 17177 30
Base oil + 1.0% Ba salt (Example 2)_______-77777TT7 , 40

with a slight excess of hydrated lime and stirred 75




 BASE 0f]. e oo siamacmnna- e—am ——————— -

. "Base oil + 1% produot Of Example 2----;------—-—-—----'

2 359,705

Example 4 —C'arbon bZook dispersion test

A osrbon black dispersion test was carried out |

as described in U. S. Patent 2,390,342, to measure
the comparative effectiveness of the additives of
the present invention as agents for dispersing
sludge in lubricating oil. In this test 6% by
weight of activated carbon was added to the oil
blend containing the additive and thoroughly
dispersed in the oil by stirring with an “egg
beater” type mixer for 15 minutes while the
temperature of the oil was maintained at 250° F.

250 cc. of the blend was then placed in &

250 cc, graduated cylinder and allowed to settle
for 24 hours while the temperature was main-
| tamed at 200° F. If an additive is not a dis-
- persing agent, the carbon black settles rapidly
at this point leaving clear oil at the top in an
hour or two. A very effective disperser will main-
tain the carbon black in suspension so that no

~ change in the opaque slurry is apparent even

after a 24-hour period. With all but the most
potent dispersing agents stratification occurs with
a black layer at the bottom (high concentration

of carbon black) and a blue opaque layer at the

~ top (reduced carbon black concentration). Cases
~ of this type, known as “blue line” separations,
- are only detectable in reflected light. The base

oil used for this test was a paraffinic oil of SAE

20 grade. The results of the test when applied
to blends containing the products of Examples 1
and 2 are shown in the following table, in which
 the results are shown as the volume of d1spersed

| oa.rbon black remalmng efter the settling perlod

¥ Ce. Dis-
persed
Carbon
Black

. Oilor Oil Blend

250
250

p—y

Base 0il <4- 195 product of Exsmple 1 ...................

The above results show that in the cases of the
 blends with the additive a perfect dispersion of

o the carbon black was mamtamed throughout the

period of the test.

The products of the present 1nvent1on may be
- employed not only in ordinary hydrocarbon lubri-
cating oils but also in the “heavy duty” type of
lubricating oils which have been compounded
with such detergent type additives as metal soaps,
metal petroleum sulfonates, metal phenates,
- metal alcoholates, metal alkyl phenol sulfides,
- metal organo phosphates phosphites, thiophos-
phates, and thiophosphites, metal xanthates and
thioxanthates, metal thiocarbamates, and the
like. Other types of additives, such as phenols
and phenol sulfides, may also be present, .

The lubricating oil base stock used in the com-
positions of this invention may be straight min-
eral lubmcatmg oils or distillates derived from

paraffiniec, naphthemo asphaltw or mixed base

- erudes, or, if desired, various blended oils may
- be. employed as well as residuals, particularly
those from which asphaltic constituents have
been carefully removed. The oils may be re-
fined by conventional methods using acid, alkali

“and/or clay or other agents such as aluminum
- chloride, or they may be extracted oils produced .

by solvent extraction with solvents such as phe-
- nol, sulfur dioxide, etc.
| whlte oils may be employed as well as synthetic
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Hydrogenated oils or

or by the hydrogenatlon of coal or its products
‘For the best results the base stock chosen
should normally be an oil which with the new

- additive present gives the optimum performance
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in the service contemplated. However, since one
advantage of the additives is.that their use also
makes feasible the employment of less satisfac-
tory mineral oils, no strict rule can be laid down
for the choice of the base stock. The additives
are normally sufficiently soluble in the base stock,
but in some cases auxiliary solvent agents may
be used. The lubricating oils will usually range
from about 40 to 150 seconds (Saybolt) viscosity

at 210° F. The viscosity index may range from

0 to 100 or even higher,

Other agents than those which have been men-
tioned may be present in the oil composition,
such as dyes, pour point depressants, heat thick-
ened fatty oils, sulfurized fatty oils, sludge dis-
persers, antioxidants, thickeners, vxsoos1ty in-
dex improvers, oiliness agents, resms rubber, ole-

fin polymers, and the like.

|
it

 Assisting agents which are partwularly desir-
able as plasticizers and defoamers are the higher
alcohols having preferably 8-20 carbon atoms,

- e. g., octyl aleohol, lauryl alcohol, stea.ryl alcohol

and the like. -
In addition to being employed in lubnoants,

- the additives of the present invention may also
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be used in other mineral oil products such as
motor fuels, heating oils, hydraulic fluids, torque
converter ﬂu1ds cutting OIIS flushing oils, turbine
oils, transformer oils, industrial oils, process oils,

“and the like, and generally as antioxidants in

40

mineral oil products. They may also be used in
cear lubricants, greases and other products con-

taining mineral.oils as ingredlents

What is claimed is:
1. A composition consisting essentlall.v of a
petroleum hydrocarbon product to which has

been added at least an oxidation inhibiting

amount of a soluble metal salt of an acidic prod-

~uct obtained by reacting a mixture of a sulfurized
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unsaturated monohydric aliphatic alcohol hav-
ing 2 to 20 carbon atoms per molecule and a satu-
rated monohydric aliphatic alcohol having 1 to
20 carbon atoms per molecule, the total number
of carbon atoms in the said mixture of alcohols
being not less than 16, and the molar ratio of

 the sulfurized alcohol to the unsulfurized alco-

hol being from 2:1 to 1:2, with a sulfide of phos-

phorus of the class consisting of phosphorus

- pentasulfide and phosphorus heptasulfide,

55

60

such a molar ratio that two molecules of alcohol

are present for each atom of phosphorus, the
reaction between the alcohols and the sulfide
of phosphorus being conducted at a temperature
of 50-150° C., and the metal of the metal sailt

“being chosen from metals of groups I to III of

the periodic table.
2. A composition acoordmg to clmm 1 in which

~ the petroleum hydrocarbon product is a mmerel

a6

[

" oils resembling petroleum oils, prepared, for ex-

ample, by the polymerization of olefins or by

Iubricating oil fraction.
3. A composition according to claim 1 in which

the ratio of the sulfurized alcohol to the unsul- |
furized alcohol is approximately 1:1. |

4. A composition according to claim 1 in wmch
the sulfide of phosphorus is phosphorus penta-
sulfide.

5. A composition aooordmg to claim 1 in whioh‘

" the sulfide of phosphorus is phosphorus penta -

sulfide and in which the sulfunzed alcohol 18
sulfurized oleyl alcohol.

6. A composition consisting essentially of a

~the reactmn of oxides of carbon with hydrogen "5 mmeral lubricating oil to which has been added



&t least an oxidation inhibiting amount of a
‘metal salt of an acidic product obtained by re-
acting a mixture of substantially equimolar
quantities of sulfurized oleyl alcohol and
n-decanol with phosphorus pentasulfide in the
ratio .of about four mols of total alcohols for
each mol of phosphorus pentasulfide, the reac-

tion between the alcohols and phosphorus penta-

4,868,706 .
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sulfide being conducted at a temperature of -

00-150° C., and the metal of the metal salt being
selected from groups I to IIX of the periodic sys-
tem. o | o | |

7. A composition according to claim 6 in which
the metal of the metal salt is calcium.

- 8. A composition according to claim 6:in whic
the metal of the metal salt is barium. "

9. A composition consisting essentially of a

mineral lubricating oil and an additive as de-
fined in claim 1, the amount of said additive in

composition being 25 to 50% by weight. |
10. A composition consisting essentially of a
mineral lubricating oil and an additive as de-

fined in claim 7, the amount of said additive in

‘the composition being 25 to 50% by weight.

11, A composition consisting essentially of s
- mineral lubricating oil and an additive as defined
in claim 8, the amount of said additive

composition being 25 to 50% by weight. -

12. As a new composition of matter a metal
salt of an acidic product obtained by reacting a
mixture of a sulfurized unsaturated monohydric

in the
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_df_._a.lcohol are present for each atom- of phos-

phorus, the reaction between the alcohols and

the sulfides of phosphorus being conducted at
a temperature of 50~150° C., and the metal of

‘the metal salt being chosen from metals of

groups I to II1 of the periodic table. -

- 13. A composition according to claim 12 in

which the ratio of the sulfurized alcohol to the

unsulfurized alcohol is approximately 1:1. |
14. A composition according to claim 12 in

which the sulfide of phosphorus is phosphorus

‘pentasulfide, |

15. A composition accordlng to ' claim '12 in

‘which the sulfurized alcohol is sulfurized oleyl

alcohol, and in which the sulfide
is phosphorus pentasulfide. | |
16. As a new composition of matter a metal

of phosphorus

'salt of an acidic product obtained by reacting a

mixture of substantially equimolar quantities of
sulfurized oleyl alcohol and n-decanol with phos-
rhorus pentasulfide in the ratio of about four

- mols of total alcohols for each mol of phosphorus
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aliphatic alcohol having 2 to 20 earbon atoms per

molecule and a saturated monohydric aliphatic
alcohol having 1 to 20 carbon atoms per molecule,
the total number of carbon atoms in the said
mixture of alcohols being not less than 16, and
the molar ratio of the sulfurized alecohol to the

unsulfurized alcohol being from 2:1 to 1:2, with

& sulfide of phosphorus of the class consisting of
bhosphorus pentasulfide and phosphorus hepta-
sulfide, in such a molar ratio that two molecules

40

metal salt being selected from

which the metal of the

pentasulfide, the reaction between the aleohols
and phosphorus pentasulfide being conducted at
a8 temperature of 50-150° C., and the metal of the
groups I to III of
the periodic system. | -
17. A composition according to claim 16 in
which the metal of the metal salt is calcium.
18. A composition according to claim 16 in
metal salt is barium.
- LOUIS A. MIKESKA.
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