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_ 'This invention relates to improved lubricating
compositions ~ suitable for lubricating bearing
surfaces under “extreme pressure” conditions, in-
volving very heavy loads per unit of bearing
area. The lubricating compositions of this in-
vention are especially suited for lubricating steel
bearings. .

It has already been shown in my copending
application, Serial No. 93,764, filed August. 1, 1936,
jointly with Eugene Lieber, that alkyl phenol
polysulfides are improved stabilizing agents for
lubricating oils. "It has now been found that by

the use of larger proportions of the alkyl phenol -

polysulfides above about 5% and . preferably
about 8 to 15%, the ability of the lubricating oil
blends to carry heavy loads is greatly increased,
the resulting lubricants being effective cutting
oils, transmission oils, hypoid gear lubricants and
the like. They are also suitable for use in the
preparation of greases.

The alkyl phenol polysulfides used in preparing

the improved lubricating compositions of this in-

vention are represented as follows: ' ‘

R.(OH)OS .O(OH).R’

in which R and R’ represent alkyl groups of 2 to
about 8 or more carbon atoms, preferably of 4
to 8 carbon atoms.
R but may also be a different alkyl group from
R. These alkyl groups may be normal or iso,
-and primery, secondary, or tertiary groups.
Either or both of the aromatic nuclei may be re-
placed by naphthyl, anthracyl, or other con-
densed aromatic radicals. = is an integer from
2 to about 4, and is preferably 2. The formula
illustrated is purely diagrammatic and the sub-
stitutent radicals, hydroxyl, alkyi, and sulfur,
may be connected to any position in the benzene
ring, but those compounds in which the alkyl
radicals are In ortho or para positions to the
hydroxyl groups are preferred. Derivatives of

these compounds containing additional -alkyl, -

hydroxy and/or sulfur groups, or still other
groups such as halogen and CN, which may be
_connected to either the alkyl groups, the aro-
matic nucleus, and/or the sulfur group, are also
included. For example, the alkyl groups may be
aryl-alkyl groups, such as benzyl. Likewise, the
sulfur may be wholly .or partially. Treplaced by
selenium or tellurium.

The use of these compounds in the preparation

R’ is preferably the same as

(CL 252—46)

of extreme pressure lubricants is
the following example:

EXAMPLE 1

Tertiary amyl phenol disulfide was added to -

a pale paraffin lubricating oil having a Saybolt
viscosity of 100 seconds at 100° F. and derived
from petroleum. This straight mineral oil and
the blends were then tested under comparable
conditions in an Almen machine using 2 steel
pin. ‘The test was conducted according to the.
method described in the National Petroleum
News, November 2, 1932. The results are given
in the following table, in which the maximum
number of weights carried without failure is

indicated for each oil. :

Lubricating oil

illustrated by _

Lox

10

Number of
weights
Straight mineral oflo - comcmeeeee 3to 4

Straight mineral oil +6% amyl phenol
disulfide

Straight n\ﬂne;-al oil +8% amyl phenoi.
disulfide - o e

Still higher concentrations containing up to
about 25% of tertiary amyl phenol disulfide were
. prepared in similar lubricating oils. All such
concentrations were satisfactory extreme ‘pres-
sure lubricants and carried 15 weights (the maxi-
mum number used in the Almen test). ‘

A similar blend of the same lubricating oil

containing 24% of tertiary amyl phenol thioether
carried only 7 weights. ) :
" The halogenated alkyl phenol sulfides are ef-
fective extreme. pressure tubricant aids in even
lower concentrations in lubricating ol than the
corresponding unhalogenated. compounds, and
concentrations as-low as 1 to 2% of such halo-
40 cenated compounds may be used. This is shown

" in the following example:

EXAMPLE 2

A blend of chlorinated amyl phenol sulfide was
prepared with a petroleum lubricating oil and
tested for extreme pressure lubrica_ting proper-
ties, as described in Example 1.

Lubricating oil
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Number of
weights

Straight mineral Oil_--— ccocmmz-mnm-- 3 to 4
Straight mineral oil +2% chlorinated
_ amyl phenol disulfide (13.5% chlorine) . 15

5% . similar results are obtained with the corre-
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sponding chlorinated alkyl phenol thioethers,
although the unchlorinated thioether, as Indi-
cated above, is of much less value as an extreme
pressure lubricant aid. .

- The halogenated alkyl phenol sulfides may con-
tain halogen in either the alkyl or the aryl groups

or both. They are readily prepared by direct

halogenation, For example, the alkyl phenol

disulfide is heated to 90 to 100° C. and chlorine -

is bubbled through the heated compound with
rapid stirring. The hydrogen chloride is allowed
to eoscape as it is formed. When the desired
amount of chlorine has bheen absorbed (readily
indicated by the increase in weight of the chlo-
rinated product), the mixture is blown with air

to remove residual hydrochloric acid. The prod-

uct js then ready for immediate use, provided the
hydrochloric acid has been fully removed. In-
stead of blowing the reaction product with air,
this product may be dissolved in & suitable sol-
vent, such as naphtha, benzol, or ethylene di-
chloride, and this solution washed with dilute
aqueous sodium carbonate or even with water
alone. The washed solution is then dried and
the solvent removed, the residue being the fin-
ished chlorinated product. The chlorination may
also be carried out in an inert solvent, such as
carbon tetrachloride. In this case the reaction
is somewhat slower. By such direct chlorination
treatments alkyl phenol sulfides containing chlo-
rine 'n concentrations up to about 229 by welght
and even higher are readily prepared.

The alkyl phenol polysulfides used in this in-
vention may be prepared in a humber of ways.
For example, the corresponding phenol may be
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~in my copending application Serial No. 97,196, .

10

15

filed August 21, 1936, jointly with Eugene Lieber,
and involve the reaction of an alkyl phenol ‘with
a sulfur hallde. This reaction is preferably con-
ducted in the presence of an inert diluent, pref-
erably an alkyl halide such as ethylene chloride,
which boils at the reaction temperature and is
condensed under reflux while withdrawing the

-evolved hydrogen halide from the reaction zone.

When the reaction is completed, as evidenced by
the failure to liberate further hydrogen halide,
the solvent and any unreacted phenol dre re-
moved by distillation and the polysulfide is ob-
tained as a distillation residue.

The reaction of the alkyl phenol and sulfur
monochloride is prefsrably conducted with a
ratio of between about 0.4 and 0.6 mol of sulfur
monochloride per mol of alkyl phenol. The use

- of higher ratios leads to the formation of resins
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_ not objectionable In the product.
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heated with sulfur monochloride, driving off HCI

according 0 the reaction:
OH+-Cl-8r—Cl=

w T el

Or, it is possible to react a phenol with sulfur
monochloride to give, say, 4:4’ dihydroxy di-
phenyl disulfide which may then be alkylated
either by reacting with an olefin or an alcohol
or alkyl chloride in presence of a condensing
agent such as sulfuric acid, boron fiuoride, alu-
minum chloride, ete. Another method of prep-
aration is to first produce 4—4’ dihydroxy di-
phenyl disulfide by reacting phenol with sulfur
monochloride, and then prepare ethers by re-
action in alkaline media with alkyl chlorides or
dialkyl sulfates. These ethers, in turn, may then
be isomerized in the presence of anhydraus ah-
_ minum chloride to produce dialkyl diphenol
polysulildes as in the example:

ro— >-8 T—OO R=HO~Q-S.—<;>—0H

Superior blending agents may be prepared
from- alkylated phenols obtalned by condensa-
tion of phenol with the Csx and/or Cs fraction of
cracked petroleum hydrocarbons, -these being
rich in secondary and tertiary olefins of 4 and/or
5 carbon atoms, the alkylated products being
converted to the dialkyl phenol polysulfides by
any of the above processes. The sgecondary ole-
fins may be separated from the tertiary, and

R+4-2HCL

40

which are insoluble in petroleum lubricating
oils. Even with the preferred ratios a small pro-
portion of polymers such as dimers and trimers
are obtained along with the desired product.
Such relatively low molecular weight polymers
are soluble in petroleum lubricating oils and are
In fact, it
has been found that in some instances their
presence is advantageous.

The reaction may also be conducted with a
mixture of sulfur monochloride and sulfur di-
chloride, in which mixture the proportion of the
latter Is usually less than 0.75 and iIs preferably
about 0.10 to 0.35, based on the total sulfur halide
used. In using this mixed reagent there is ob-
tained as a reaction product a mixture of alkyl
pheno! disulfide with an amount of alkyl phenol
monosulfide corresponding to the proportions of
the respective sulfur halides used.

The following example illustrates a suitable
method for preparing alkyl phenol sulfides used
in this invention.

ExAMPLE 3

One molal proportion of tertiary amyl phenol -
is dissolved in ethylene chloride and the solution
is heated to boiling under reflux. A solution of

. %2 molal proportion of sulfur monochloride in
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ethylene dichloride is then added slowly with
stirring to the boiling solution of amyl phenol.
The hydrogen chloride gas evolved during the
reaction is withdrawn from the reaction zone
through the reflux condenser. When the addi-
tion of sulfur monochloride solution is completed,
the bolling of the reaction mixture under reflux
is continued for about six hours or until no fur-
ther emission of hydrogen’chloride is detectable. *
By thig means all the hydrogen chloride is re-
moved. The time of reflixing can be cut down
by blowing an fnert gas, such as nitrogen or flue
gas through the reaction mixture. This may be

- done during the reaction or after all the reagents

85

have been added as desired.

The solvent ethylene chloride is then removed
from the reaction mixture by distiliation and
any unreacted amyl phenol is removed by dis-
tillation under vacuum at a temperature of pref-

- erably not above about 150 to 175° C

condensed separately to produce corresponding

mixed disecondary-or ditertiary-phenol polysul-
fides.

70

The crude compounds formed by-the above

methods may be further purified by distlllatlon.
extraction, treating with clay, acid, etc.
' Suitable methods for preparing the blending

agents used in this invention are also described

7

There is thus obtained as distillation residue
a product consisting substantially of the desired
amyl phenol disuifide. This product is a dark
brown to reddish colored viscous liquid, which s
soluble in most organic solvents, including petro-
leumn and fractions thereof such as gasoline,
kerosene, burning and Diesel oils, and lubricating
oils, The crude product may be used directly as
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obtained or after any desired purification, as by
treatment with selective solvents or adsorbtive
materials such as clay. ‘P -
Higher polysulfides suitable for use in the pres-
ent invention may be prepared by condensing
alkyl hydroxy thiophenols with sulfur mono-
chloride or sulfur dichloride.. The alky! hydroxy

thiophenols may be obtained by reduction etther .

of the alkyl phenol disulfides described above or

of alkyl phenol chlor sulfonic acids. These re-

actions may be illustrated as follows:

1. R(CsH3) OH.S2.(CeH3) OH.R’ -+ Ha=
2[R(CsH3) OB 8H]
2. 2[R (CsH3) OH.SH14-S:2Cla=
- R(CsH3) OH.S4.(CsH3) OH.R’
3. 2[R (CsH3) OH.SH]1+8Cli=
R(CeH3) OH.S3.(CsH3) OH.R’

R and R’ in the above formulae have the same
significance as in the first formula presented
herein. Reactions 2 and 3 may be conducted
under the same conditions described in Example
%, using half the molal proportion of the sulfur
halide. These tri and tetra sulfides may be used
as blending agents with lubricating oils in the
same manner already described herein for the
disulfides. -

The alkyl phenol polysulfides described above
are blended with lubricating vehicles of any de-
sired viscosity, depending upon the use to which
the - extreme pressure lubricant is to be put.
These lubricants include mineral lubricating oils,
‘especially the. highly refined oils such as syn-
thetic oils, solvent extracted oils obtained by
treatment of mineral lubricating oils with single
solvents such phenol, dichlorethyl ether, furfural,
propane, nitrobenzene, crotonaldehyde, etc., or
by double or multiple solvents such as propane-
cresol, ete, clay or acld treated oils, also alu-
minum' chloride treated olls, white oils, hydro-
genated ofls, and the like. These compounds
are especially effective with such ofls having vis-
cosity indices above 60, 80, 100 or more. Lubri-
cating ofls also improved by these compounds
are other mineral oils of over 35 or 40 viscosity
Saybolt at 210° F'., and even those having a vis-
cosity of over 100 seconds at 100° F, efther in the
crude form or partially or highly refined by dis-
tillation, voltolization, cherhical reagents, and
adsorptive agents, as well as coal tar-or shale dis-
tillates, pale oils, neutrals, bright stocks and
other residual stocks, cracking coil tar fractions,
condensed or polymerized fractions, and the like,
elther waxy, dewaxed, or non-waxy. The alkyl
phenol polysulfides may also be added to thickly
viscous and solid hydrocarbon lubricants, and to
greases containing hydrocarbon lubricants and
soaps, with or without water and other com-
pounding agents. They are aiso effective lubri-
cant alds in cutting olls, being preferred for use
in the true oil type which contains little or no
water and is used without emulsification with
water. They may aiso be added to “miseible”
cutting oils' intended . for emulsification with
water before ‘use, but are less effective in such
dilute aqueous compositions. )

The lubricants to which these improved agents
are added may also contain dyes, metallic or
other .soaps, pour inhibitors, sludge.dispersers,
oxidation inhibitors, thickeners, V. I. improvers
such as soluble linear polymers of isobutylene,
oiliness agents, resins, rubber, fatty oils, heat
thickened fatty oils, sulfurized fatty oils, ex-

" treme pressure lubricating agents, such as lead
soaps, organo-metallic compounds, bright stocks
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(such as refined petroleum lubricating oil Tesi-
dues), voltolized fats, mineral oils and/or waxes,

_colloidal solids such as graphite, zinc oxide, etc.,

and the like. .

This invention is not to be limited to any spe-
cific examples, all of which have been presented
solely for the purpose of ilustration, but is to be

" limited only by the following claims, in which it

is desired to claim all novelty insofar as the prior
art permits, o

I claim: . ‘ o

1. An extreme pressure lubricant composition
comprising a hydrocarbon Iubricant and an alkyl -
phenol sulfide in an amount between above 5% -
and 26%. = :

9. An extreme pressure lubricant composition
comprising a hydrocarbon lubricant and an alkyl
phenol polysulfide in’ an amount between above
5% and 256%. : ‘

3. An extreme pressure lubricant composition
comprising a hydrocarbon lubricant and an alkyl
phenol disulfide in an amount between above.
59 and 25%.

4. An extreme pressure lubricant composition
comprising a hydrocarbon lubricant and a halo-
genated alkyl phenol sulfide in an amount be-
tween above 5% and 25%. ‘

5. An extreme. pressure lubricant composition
comprising a hydrocarbon lubricant and a chlo-
rinated alkyl phenol sulfide in an amount be-
tween above 5% and 256%. . -

8. An extreme pressure lubricant composition
comprising a hydrocarbon lubricant and a chlo-
rinated alkyl phenol disulfide in an amount be-
tWeen above 5% and 25%.

7. Extreme pressure ltbricant composition’
comprising a mineral lubricating oil and about
8 to 25% of a compound having the formula:

n.(OH)O»x.O(OH)‘:R' V

in which R and R’ represent alkyl groups hav-
ing at least two carbon atoms each, X repre-
sents an element of the sulfur family, consist-
ing of sulfur, selenium and tellurium, n repre-
sents an integer 2 to 4, and in which the groups
R, R’, OH and X are each connected to the
aryl nucleus. ‘

8. Extreme pressure lubricant composition

" comprising a petroleum lubricating oil contain-

ing about 8 to 25% of a compound having the
formula: : '

R.(OH)O—xr—.O(om.n’

in which R and R’ represent alkyl groups having
four to eight carbon atoms each, X represents -
an elemeént of the sulfur family, consisting of
sulfur, seleniium and tellurium, and in which the
groups R, R’, OH and X -are each connected to-
the aryl nucleus. = = | .

9. Extreme pressure lubricant. composition
comprising a petroleum lubricating oil contain-
ing about 8 to 25% of a di-alkyl diphenol di-
sulfide having the formula:

R.(OH) (OH).R

in which R represents an alkyl group having
from four to five carbon atoms, and in which
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the groups R, OH and S are each connected to
the aryl nucleus, ] :

18. Composition according to claim 9 in which
the carbon atom in each of the said two alkyl
groups atiached to the phenol ring is also af-
tached to at least two other carbon atoms of the
alkyl group.

11, Composition according to claim 9 in which
the radiceals represented by R are secondary slkyl
groups.

12, Composition according to claim 9 in which

10

the radicals represented by R are tertiary alkyl

groups,

13, Exireme pressure lubricant composition
comprising a minersl lubricating ofl containing
above about 8% of ditertiary amyl diphenol di-
sulfide, ' } ' ‘

14, An extreme pressurs lubricating composi-
tion comprising a hydrocarbon lubricant con-
taining above about 5% tc 25% of a compound
having the formula:

R.(OH)O*X,,*O(OH).R’

in which R and R’ represent alkyl groups hav-
ing at least two carbon atoms each, X repre-
sents an element of the sulfur family consisting
of sulfur, selenium and tellurfum, # represents
an integer 2 to 4, and in which the groups R,
R’, OH and X are each connected to the aryl
nucleus. ’
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. 15. An extreme pressure lubricating composi-
tion comprising ‘a petroleum lubricating oil con-
taining above about 5% to 25% of a compound
having the formula: : '

‘n.(omorer(om.R' '

in which R and R’ represent alkyl groups hav-
ing four to eight carbon atoms each, X repre-
sents an element of the sulfur family, consisting
of sulfur, selenium and tellurium, and. in which
the groups R, R’, OH and X are each connected
to the aryl nucleus.

16. An extreme pressure lubricating composi-
tion comprising a mineral lubricating ofl and
above about 5% to 25% of a compound having
the formulsa:

R.(OH)ZOX,'—OZ(OH).W

in which R and R’ represent alkyl groups having
at least two carbon atoms each, X represents
an element of the sulfur family, consisting of
sulfur, selenium and tellurium, n represents an
Integer 2 te 4, Z represents a halogen element,
and in which the groups R, R’, 7, OH and X are

each connected to the aryl nucleus. .

. i
! LOUIS A. MIKESKA.




