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1 ,

This invention relates to lubricants and to

processes of preparing them, and refers more -

particularly to stable grease compositions com-
prising certain thioether derivatives and a lith-
ium soap. ,

It is known in the art to prepare various lubri-
cating grease compositions adapted for particu-
lar uses. The uses to which the various grease
compositions are employed present s wide varie
ety of conditions, and generally a grease pre-
pared with a given set of conditfons in mind is
not suitable for use in a different environment,
Conversely, all sets of conditions met in the great

variety of lubricating systems encountered today

cannot be satisfied by mineral ofl base greases,
for example. .

To illustrate further: not only are high tem-
perature conditions frequently met, bug low tem-
perature lubrication 1is becoming increasingly
important. Airplanes are controlled in flight by
special mechanisms such as rudders, elevators,
and ailerons which are adapted to the main por-
tlons of the airplane such as fuselage and wings
by speciaily designed hinges. These hinges have
metal to metal contact bearing surfaces which
offer a very difficult lubrication problem. Air-
planes are operated under the most severe
changes in climatic conditions ahd since the fail-
ure of even one part of the mechanism might
well result in a catastrophe, it is imperative that
all parts should be free and well lubricated at
all times. It is not uncommon for a plane dur-
ing a single trip to be subjected to extremely high
ground temperatures, as well as subzero temper-
atures in the upper atmosphere, in addition to
conditions of high humidity such &s rain, snow or
ice. Any lubricant used upon the control mech-
anisms of the plane must therefore be capable
of withstanding these conditions withoui disin-
tegration. :

High temperature greases such.as sodium
greeses are known to the art. However, they are
quite water-soluble and readily disintegrate un-
der humid conditions. Water-insoluble greases
such as calcium soap greases, are also known, but
these compositions will not withstand high tem-
peratures. Aluminum soap greases are also wa-
ter insoluble, but have a relatively low transition
point where they become fluld and run out of
the bearing. Bariwm soap greases are only slow-
ly affected by the presence of water and effec-
tively withstand elevated femperatures, but have
the disadvantages of losing their grease structure
on standing at lower temperatures and of be-
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coming quite stiff and heavy at elevated tem-
peratures,

The common mineral ofl and vegetable oil bases
have shortcomings which limit their complete
utflity as grease bases. ‘The viscosity indices of
such bases, for example, are unsatisfactory where
extreme conditions, both high and low temper-
atures and pressures, are to be met. Various
synthetic bases, such as chilorinated diphenyl,
have been investigated, but have not proved sat-
Isfactory for general use, especially because of
their generally low thermal decomposition tem-
perature characteristics,

It is an object of this invention to produce s
grease  composition which will provide adequate
lubrication at both high and low temperatures
and will not decompose in the presence of ex-
cessive moisture or ‘at relatively high tempera-~
tures. Another object of this invention is to pro-
vide grease compositions which are not unduly
subject to thermal cracking such as is encoun-
tered with mineral and vegetable oil greases. . A
further object is to provide greases of uniform
consistency and texture, and which vary from
extreme hardness to extreme softness, in ac-
cordance with the nature and proportions of the
ingredients. : -

Now, in accordance with this invention, it has
been found that superior greases are obtained by
the use of compositions predominating in an
ester of a dihydroxy thiocether, such as those hav-
ing the general formula

4] -0
Rl—g—O—Rz—S—Ra—O-—g —Ry

in which R and R« are hydrocarbon radicals, and
Rz and Rs are aliphatic radicals, and, in addition
thereto, from about 4% to about 40% of a lth-
fum soap. Lubricating greases having the above
composition possess important features which
render them highly desirable, such as substan-
tial non-inflammeability, thermal stability, etc.
Also, In accordance with this invention, it has
been found that such greases, although compar-
atively stable in regard to oxidation, are further
improved in stability by the incorporation therein
of an inhibitor, Still in accordance with this
invention these greases may be toughened by the
addition thereto of & minor amount of polymers
of an esterified methacrylic acid.

The several constituents of the grease will now
be discussed. -

The soap

The particular type of soap employed comprises
predominantly a lithium soap, although minor
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fmounts o} fatty acld salts of othey metals, par-

ticularly sodium, potassium, calcium, barlum.,

zine, aluminum, etc., may also be present. The
fatty acids which may be used in forming the

lithium soaps useful in the invention comprise
the lower fatty acid series as well as the higher

members. These include acetic, propionic, bu-
tyric and caproic acids, among othets Prefer-
ably, however, the fatty acid should- contain
twelve or more carbon atoms, such as in lauric,
myristic, palmitic, margaric, stearic, nondecyclic,
carnaubic, cerotic, montanic, olelc, behenic,
linoleic and linolenic acids. Likewise, mixtures
of acids obtained from various natural products
form suitable lithium soaps useful in the present
invention. Such hatural products. are tallow,

acid radicals, as well those of 2,3-diethylvaleric
acid, 3-propylcaproic acid, 4-isobutylheptole scid,

-ete. The higher molecular weight radicals, both
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saturated and unsaturated, likewise form suit-
able -ester groups in combination with the two
—COO— groups in the thioether molecule. The
mono-olefinic acids and the naphthenic acids are
the preferred classes within this group. The
naphthenic acid derivatives are conveniently pre-
pared from the naphthenic acids found in certain
petroleum fractions. These aclds, which are
usually & mixture of various naphthenic acid -
homologues or alkylated derivatives thereof, are
referred to herelnaften a§ petroleum naphthenic
acids or simply as naphthenic acid. The thio-

~ ether derivatives containing petroleum naph-

lard, various seed olls, wool fat, naphthenic acids

such as may be derived from petroleum oils; rosin,

tall of], oxidized paraffin, fish oils, olive oll, palm - ..

oil, ete.

Not only gre the aclds having twelve or more
carbon atoms preferred for use in preparing
lithium soaps, but those acids are most preferred
which are saturated or contain no more. than
about one unsaturated linkage in the molecule,
including saturated fatty acids, mono-olefinic
fatty acids and mono-acetylenic fatty acids, all
" having twelve or more carbon atoms.

The grease base

The bases for the greases which comprise this
invention are thioether derivatives having the
general structural formula

n.—g—o—nﬁs—m—o—g—m
in which R; to R4 are hydrocarbon radicals. Pref-

erably, R: and R+ are non-aromatic, but instead .

are aliphatic or alicyclic. The most useful grease
bases of this class are those in which R1 and R«
are saturated aliphatic radicals, and of this group
those having from 4 to i1 carbon atoms are pre-
ferred.

Together with the —COO— group to which
they are dttached, R1 and R4 form ester groups
such as the valeric acid radicals, including nor-
mal valeric, isovaleric, tertiary valeric or tri-
methyl acetic, (which is the preferred acid radi-
cal) and d-1 valeric (or methylethylacetic) acid
radicals. The saturated 5-carbon atom radicals,
together with the —COO— group to which they
. are attached, comprise the caproic. (or hexoic)
acid radicals, including butyl-acetic, iso-caproic
(or secondary butylacetic), pseudocaproic (or
tertiary-butylacetic), secondary-caproic (or di-
ethylacetic), secondary active-caproic (or meth-
ylpropylacetic) or tertiary-caproic (dimethyl-
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ethyl acetic) acid radicals. The 6-carbon satu-

rated aliphatic radicals, together with the adja-
cent —COO— group, form radicals of the heptolc
acid series, including enanthic, isoenanthic,
methyldiethylacetic, ethylpropylacetic, methyl-
butylacetic, etc. acid radicals. The 7-carbon
atom saturated aliphatic radicals and the adja-
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cent —COO-— group form the octoic acid radicals 65

such as n-octoic, dipropylaeetic, methylethyliso-~
propyl acetic, 2-methylheptoje, 2-ethylhexoic, 3-
propylvaleric, etc., acid radicals. Of this latter
group the 2-ethylhexole radieal is preferred.

The R: and R« radicais having 8 to 11 carbon
atoms form, with the adjacent —COO— radicals,
the various isomers of the scid radicals

Cr.ui—COO—
including pelargonic, capric, undecylic and lauric
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thenic acid radicals make especially suitable
grease bases for lithium soaps.
The groups Rz and Ra in the above general for-

‘miuld are either similar or dissimilar hydrocarbon

radicals, especiglly aliphatic radicals which may
be saturated or may contain one or more unsat-
ura.teg linkages of olefinic or acetylenic: character
and furthérmore may contain elements such as
sulfur, nitrogen, phosphorus, selenfum and tellu-
rium. Preferably, however, each of these radi-
cals is a saturated hydrocarbon radical, and still
more preferably is a saturated straight chain hy- -
drocarbon radical forming a primary linkage with
the sulfur atom, glving the followlng general con-~
figuration:

R:—g—O—Rn—g—B—R:—O—g—Rc

3 wherein R: and R« are hydrocarbon radicals and

R4 and Rs are saturated aliphatic radicals. Of
this group of trio-ether derivatives, those having
similar ester groups and similar aliphatic radicals
form the most suitable-grease bases and have the
general formula:

n,—g—o—m—cm—s—cm—m—o—@—m

When the grease bases have the above configura-
tion, those giving the most satisfactory results
have R1's which are saturated hydrocarbon groups
having 4 to 11 carbon atoms, and Ra’s which are
saturated straight chaln hydrocarbons having
1 to 8 carbon atoms, and preferably from 3 to §
carbon atoms to give the formula

CH;—(CE:).—%—O-(C Hi)w~8-(CHjy) -0—&—(0H:) »~CHi

in which n is an integer of from 3 to 10 and m is
an integer of from 2 to 6. The outstanding grease
bases having this latter preferred general for-
mula are those in which m is an integer of from
2 to 4.

Compounds having this latter general formuls
are readily prepared by the reaction of hydrogen
suifide with an olefinic alcohol, such as aliyl alco-
hol to give the bis-(gamma hydroxypropyl) sul-
fide. This in turn is esterified with an acid, such
as trimethylacetic acid or 2-ethylhexoic acid, to
give di-esters of thio-ether derivatives. A typi-
cal preparation is as follows: :

Five hundred cc. allyl alcohol and 124 g. hy-
drogen sulfide were subjected in a bomb to the
radiation from a 250 watt mercury arc lamp.
During the first hour the pressure in the system
rose steadily from 160 to 220 1lbs./sq.in. after
which it fell slowly to 170 1bs./sq. in. at the end
of the radiation period. In this time the tem-
perature of the reactor increased from 15° C. to
100° C,, in part due to the exothermic character
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of the reaction, but mainly from the heat emitted

by the mercury arc lamp. The reaction product’
was then distilled to remove unreacted allyl alco-
hol and the gamma-mercaptopropyl alcohol
formed during reaction, leaving the desired prod-
uct, namely, bis-(gamma hydroxypropyl) sul-
fide, which bolls above 134° C, .

In place of ultraviolet light, other free-radical
promoting catalysts (preferably in the abscnce
of metalllc salts) may be used. -

A mixture consisting of 150 grams of bis-
(gamma-hydroxypropyl) sulfide, 432 grams of 2- .
ethylhexoic acid, 8 grams of para-toluene sul-
fonic acid and 400 cc. of toluene was heated to °
boiling under a separating still head. "This heat-
ing was continued until no further water was dis-
tilled off. All of the toluene wss then evaporated,
and the remaining product was distilled to yleld
0.865 (348 g.) moles of bis-(gamma-2-ethylhex-
oxypropyl) sulfide.

Other ingredients

Greases having the compositions of the present
invention may be used in unmodified. form, or
may be compounded with several other materials
as stated hereinbefore to give greases having pre-
ferred properties for specific purposes. -

The subject greases may be modifled by the
inclusion of a free fatty acid, elther similar to an
acid radical of the esterifying group, or to the
acid radical of the soap, or it may be of a dis-
similar nature. The function of the free fatty
acld appears to be that of a peptizing agent, giv-
ing the soap a better texture, angd allowing the
use of g smaller amount of soap than if the free
fatty acid were absent., When a free acid is

'present, care must be taken that too much acid
is not used, as the grease then becomes unduly
soft for general use. Consequently, the composi-.
tion should preferably contain from about 3% to
about 30% (preferably 6% to 15%) lithium soap:
from about 0.01 to about 1.0% (preferably 0.05%
to 0.5%) free fatty acid; the remainder of the
grease comprising the thio-ether derivative as
specified hereinbefore.

The free fatty acid may be any within the fatty
acld series, but preferably is a saturated fatty
acid, such as lauric, myristic, palmitic, stearic,
arachic, behenic, hydroxystearic, etc. The free
fatty acid may be excess fatty acid added at the
time of saponification in the sulfide base.  Alter-
natively, the acid may be added to the thio-ether
derivative prior to grease formation, or the grease
may be meodified therewith at any time prior to
use.

SBince the grease base is a thio-ether compound,
it may show a tendency to oxidize under severe
operating conditions, thus allowing the formation
of decomposition products which may in time
prove detrimental to optimum engine operation.
Consequently an oxidation inhibitor, e.'g.,.& phe-
nolic compoiund or a substituted aromatic afnine,
may be added to the
stability. ' o

Phenolic materials which improve the greases
of the present invention include mixed petroleum
alkylphenols boiling from about 200° to about
240° C., 24-di-tertiary-butyl -6- methylphenol,
pentamethylphenol, etc., as well as their homo-
logues and analogues.

Aromatic amines which are of special utility
in the present grease compositions gre preferably
the N-alkylated para-phenylenediamines or the
polynuciear aromatic amines. These include N-
butyl .para - phenylenediamine, N - N’ --dibutyl-

composition to improve its
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paraphenylenediamine, alpha- or beta-naphthyl-
amine, phenyl-alpha- or beta-naphthylamine, al-
pha,alpha-, beta,beta-, or alpha,beta-~dinaphthyl-:
amine, ete. -

When the greases of the present invention con-
tain these substituted phenols or amines, the
compositions should comprise from about 4% to
about 40% lthium soap (4% to 10% is preferred),
and from about 0.01% to sbout 2.0% oxidation
Inhibitor (0.05-1% is preferred), the balance com-
prising the thio-ether derivative base - defined
hereinbefore.

When thio-ether derivatives of the above-de-
scribed structure are gelled with a polymer of
one or & mixture of esters of acrylic acid or of
an alkylated derivative thereof, the compositions
ordinarily obtained have a rubbery texture which
has-only limited utility as greases. However,
when a minor amount of such an ester is incor-
porated in the compositions of the present inven-
tion, the resulting grease is substantially tough-
ened, becomes substentially waterproof and is
resistant to syneresis or solution at low and high
temperatures, respectively. ‘This toughened com.
position broadens the utility of the novel gréases,
since they thereby become usefu] for heavy duty
purposes or where a water-proof grease Is re-
quired. The acrylic acid ester polymers have
structural units of the general structure ’

R,

T

(1J00R4 .}!!;'

wherein Ri, R: and Ra are either hydrogen or
alkyl groups, and COOR4 is an ester radical.
Preférably R: is either hydrogen or s lower alkyl
group, such as methyl, ethyl, isopropyl, butyl, iso-
butyl, amyl, ete., while Rz and R; are preferably
hydrogens. The most satisfactory degree of wa-
ter-proofing 1s obtained when R« is an alkyl group
having 3 or more carbon atoms, and preferably
has 4 to 8 carbon atoms. Optimum results are
obtained when the polymeric ester is a polymer of
isobutyl methacrylate,

When the homologues and analogues of poly-
merized acrylic acid esters are used as water-

-proofing and toughening agents for the greases

of this invention, optimum over-all results are
obtained when the composition comprises the fol-
lowing ingredients:

Polymerized aerylic ester 0.1~-10% (preferred 0.5%-4%)
Lithium soap 4-409% (preferred 4%-10%)
Thio-ether derlvative ___. Balance (preferred 869%-95%)

Prepardtion of the grease and grease components

The lithfum soaps are prepared by direct sa-
ponification of either fatty acids or of fats, which
generally are glycerides of the fatty acids. The
saponification is normally carried out by heating
the fat or fatty acid with Li20, its hydrates, or
LiOH. The lithium soaps thus formed, for ex-

.ample, at temperatures of about 100° C. usually
~contain a small amount of free fatty acid and

Water of neutralization. This latter may be re-
“moved by distillation, preferably at about 110° C,
or at lower temperatures if reduced pressures are
employed. ‘In some greases its presence is not ob-
jectioneble. ‘

A second method of forming the Hthium soap
comprises mixing the fatty acid material with the
thio-ether derivatives which comprise the grease
base, and subsequently adding a normal lithium
oxide, Preferably in-small amounts and at mod.-
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7
erate temperatiires, so as to cause saponification
of the fatty acid material, without allowing any
substantial reaction to occur between the thio-
ether derivative and the normal lithium oxide.

A unique process for the formation of the
greases of the present invention comprises mixing
8 dihydroxyalkyl thio-ether and a fatty acid,
causing esterification to take pldce, then adding
& norma) lithium oxide and proceeding as de-
scribed in the paragraph above. The reaction
may contain unreacted fatty acids, or.dihydroxy-
alkyl thio-ethers and/or solvents which may be
removed by distillation, extraction or other means

. subsequent to or during esterification of the di-
hydroxyalkyl thip-ether and the preparation of
.- the lithium soap.

..An alternative process which has been dlscov-
ered comprises mixing the dihydroxyalkyl thio-
ether and fatty acld material adding a normal
lithium oxide at such temperatures and under
such conditions that reaction will occur substan-

tially only between the lithium oxide and the
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fatty actd, and subsequently adjusting conditions, -

so that esterification of the dihydroxyalkyl thio-
ether takes place, elther with remaining free
fatty acid or with a subsequently added fatty acid.
If necessary, the composition may be purified as
noted above.

The simultaneous formation of the esterifled
dihydroxyalky! thio-ether and of the lithium soap
is also contemplated.

The best, method of preparing the subject

greases which involves no after-treatments or

other steps such as dehydration, solvent removal,
extraction of diluents or removal of excess re-
actants comprises the addition of a preformed
Uthium soap to a preformed dicarboxyalky} thio-
ether, usually at elevated temperatures to facil.
itate solution.

The thio-ether derivatives comprislng the bases
of the greases of this invention include those hav-
ing the general formula:

R—g—O—R—S—R—O—g—R

These are usually prepared by the esterification
of a dihydroxy thio-ether having the general for-
mula:

HO—R—8—R—OH

The esterifying acid and dihydroxy thio-ether are
uct may be purified by distillation, extraction, or
usually heated together, preferably in the pres-
ence of an esterification catalyst and an inert sol-
vent such as benzene, toluene, xylene, etc. The
reaction may be carried out with continuous or
intermittent distillation of water formed during
the esterification, or may be conducted in the
presence of a dehydration catalyst, such as zinc
chloride. Subsequent to esterification, the prod-
uct may be purified by distillation, extraction, or
other means for the removal of water, solvent,
catalysts, dehydration agents, and unreacted es-
terifying acid and/or dihydroxy thio-ether. The
acids and dihydroxy thio-ethers, from which
these esters are prepared, are listed in the sec-
tion of this specification entitled “The grease
base.” A typical esterification also is described
in the latter section.

Other ingredients which may be added include
various corrosion inhibitors, extreme pressure ad-
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ditives, anti-wear agents, stabilizers, viscosity in. = -

dex improvers, and the like, provided they do not
interfere with the operation and utility of the
grease,

76

: 8
As pointed out herelnbefore, the lithium soap
may be present in the subject greases to the ex-
tent of from about 4% to about 40% of the com-
position. Preferably, however, the soap concen-

tration will be from about 4% to about 10%.

When an aromatic amine, a substituted phenol, a
free fatty acid, or a waterproofling amount of
lithium naphthenate is present in the grease in
the amounts described hereinbefore, the amount
of lithlum soap may be reduced, since each of
these substa.nces exerts a certain peptizing action
of its own.

The greases of this invention are particularly
applicable for lubricating mechanisms, including
ball bearings, especially where mineral oil base
greases have proved to be unsatisfactory. They
are suitable for use in aircraft or for other pur-
poses where unduly harsh conditions, either hot

. or cold, are encountered.

The following exanples illustrate the products
of the present invention:

Example I

. .A grease having a composition according to the
present invention was prepared as follows:

Bis-(gamma- 2 -ethylhexoyloxypropyl) sulfide
was prepared as described hereinbefore. Sub-
stantially neutral Hthium stearate was added to
the sulfur compound while it was heated at about
185° C. The soap disperses at this temperature,
after which it is rapidly cooled. The grease so
formed was then homogenized to remove any
lumps that might be present therein. Amounts
of the ingredients were such that the grease con-
tained 10% of lithium stearate and 90 per cent
of the sulfide derivative. The grease was of but-
tery consistency at room temperature, and
showed substantially no indications of synerests.
The buff-colored composition mamtained sultable
grease structure as hlgh as 160° C.

Example Il

Bis - (gamma-trimethylacetoxypropyl) sulfide
was prepared by the method previously described
for bis-(gamma-ethylhexoyloxypropyl) sulfide,
substituting trimethylacetic acid as the esterify-
ing agent in place of 2-ethylhexoic acid. Ten
parts neutral lithium stearate was dispersed in
90 parts of the sulfide at 185° C. The grease 8o
formed was homogenized. It had a smooth tex-

‘ture which showed no tendency to synerize, was

the color of cream, and had s satisfactory texture
as high as about 184° C

Ezample 11T

Using the mixed naphthenic acids derived from
petroleum as the esterifying agent bis-(gamma-
naphthenoxypropyl) sulfide was prepared. The
esterification of bis-(gamma-hydroxypropyl) sul-
fide with this agent, was carried out by the proc-
ess substantially as described hereinbefore for the
preperation of bis-(gamma-2-ethylhexoyloxypro-
pyD. sulfide. The naphthenic ester was mixed
with lithium stearate at 185° C. to form a 90:10
mixture of ester and soap. Upon rapid cooling
followed by homogenizing the composition exhib-
ited excellent grease properties, being light brown
in color, showing no tendency to synerize, and
mamtaimng its proper grease structure as high
as 170-190° C

We claim as our invention:

1. A lubricating grease composition compris-
ing as the major lubricating constituents thereof
bis-(gamma-2-ethylhexoyloxypropyl) sulfide and
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lithium stearate, from 4% to 40% of said major
lubricating constituents being said stearate.

2. A stable lubricating grease composition com-
prising as the major lubricating constituents
thereof a thio-ether derivative having the general
formula

R;——(”)—O-—R:—S—R:——O-_—(")—R.
wherein R: and R+ are hydrocarbon radicals, Ra
and Rs are aliphatic radicals, a lithium soap, from
4% to 40% of said major constituents being said
soap and an oxidation inhibitor.

3. A water-resistant lubricating grease compo-
sition comprising as the major lubricating con-
“stituents thereof a thio-ether derivative having
the general formula

Ry— I—-O—R:—-S—R;—O—-(@—R;
wherein R: and R« are hydrocarbon radicals, Ra
and Rs are aliphatic radicals, a lithium soap and
a minor amount of a polymer having recuring
structural units of the general formula

[_i',f’ i‘i.]
(.‘7-——0 OR4 lL.s

wherein R1 and Rs are radicals selected from the
group consisting of hydrogen and a.lkyl radicals
and COOR« is an ester radical.

4. A water-resistant lubricating grease compo-
sition according to claim 14, wherein the polymer

10

ing as the major lubricatlng constituents thereof
& thio-ether derivative having the genera} for-
mula

I .
R -(lJ—O—Rr—CH:—S-CHr—Rr_—O-—g-—Rc

_in which R1 and R« are hydrocarbon radicals and

R2 and R3 are saturated aliphatic radicals, and a

. lithium soap from 4% to 40% of said major con-

-10

stituents being said soap.
13. A lubricating grease composition compris-

" ing as the major lubricating constituents thereof
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is present in said composition in amounts from. -

about 0.1 to about 10%.

5. A lubricatmg grease composition comprlsing
as the major lubricating constituent thereof a
thio-ether derivative having the general formula

R]-(L!—-O—-Rr,—— S-—Rs—O—g—Rq '

wherein R: and R4 are hydrocarbon radicals and
R2 and Rs are aliphatic radicals, and a lthium
soap from 4% to 40% of said major constituents
being said soap.

6. A lubricating grease composition according
to claim 5, wherein the lithium soap comprises
lithium napthenate,

7. A lubricating grease composition according
to claim 5, wherrin the lithium soap is derived
from a mono-olefinic fatty acid.

8. A lubricating grease composition according
to claim 5, wherein the lithium soap is derived
from a saturated fatty acid having at least 12 car-
bon atoms. ;

9. A lubricating grease composition according
" to claim 5, wherein the lithium soap contains at
least 12 carbon atoms.

10. A lubricating grease composition according
to claim 5, wherein the lithium soap comprises
from about 4 to about 40% of said composition.

11. A lubricating composition comprising 4-
40% of a lithium soap and, as the major lubricat-
ing componet, a thio-ether derivative having the
general formula

CHt—(CHZ)ug 0~-(CHj) w-B8-(CHs) w-0- (JJ—(CH:) ~CHs

wuerein m is an integer from 2 to 4, n is an inte-
ger from 1 to 4, the groups (CHz2)m are identical
saturated straight chain radicals and the groups
(CH2)» are identical saturated straight chain
radicals. .

12. A Jubricatine erease comvosition compris.
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2 thio-ether derivative having the general for-
mula

Rl—g—O—R:—S.—R:—O—-g—RJ .
wherein R1 and R+ are hydrocarbon radicals and
Rz and Rs are saturated aliphatic radicals, and a
lithium soap from 4% to 40% of said major con~
stituents being said soap.

14. A lubricating grease composition compris-
ing as the major lubricating constituents thereof
& thio-ether derivative having the general for-
mula

: n,—g—o—'—m—-s-m—o—g—-m
wherein R: and R4 are saturated aliphatic radi-
cals having from 4 to 11 carbon atoms and Rz and
Rz are aliphatic radicals, and a lithium soap from
4% to 40% of said major constituents being said
s0ap.

15.. A lubricating grease composition compris-
ing as the major lubricating constituents thereof
a thio-ether derlvative having the general for-
mula .

Rl—g—O—Rs—S—Ra—O—g—BA
wherein R: through R« are saturated aliphatic
radicals, and a lithium soap from 4% to 40% of
said major constituents being said soap.’
16. A lubricating grease composition compris-

‘ing as the major lubricating constituents thereof

& thio-ether derivative having the general for-
mula . K .

Rl——g-—o—m—s-—m—o—g—m
wherein R through R4 are aliphatic radicals, and
8 lithium soap from 4% to 40% of sa.id major
constituents being said soap.
. ELLIS ROSS WHITE.
- DENHAM HARMAN,
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