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This invention relates to superior iubricating
materials, and more particularly it relates to im-
proved non-hydrocarbon lubricants.

Mineral oil Iubricants such as those made from
paraffin base or napthenic base petroleums are
‘useful for most lubricating purposes when the
conditions to which said lubricants are subjected
are relatively mild. However, lubricants of petro-
leum origin are limited in their utility by certain
inherent characteristics. For example, especially
when employed for aviation purposes, a lubricant
is often subjected to wide temperature variations,
such as hot ground temperatures and the ex-
tremely cold temperatures encountered in the
atmosphere, say, about 10-20,000 feet altitude.
In these circumstances the ordinary mineral oil
base lubricants fail to function properly, either
being too fluid when warm, or hardening t{o a
‘solid or semi-solid state when cooled.

The tendency of mineral oils to oxidize rapidly,
especially in the presence of certain metallic sub-
stances such as copper, iron oxide, etc., is well-
known. While the addition of anti-oxidants cor-
rects this adverse feature to a limited extent, in
many instances mineral oil lubricants are un-
satisfactory, due to sludge and gum formation,
both results of oxidation reactions.

Certain non-hydrocarbon substances of syn-
thetic origin have been used for specialized lubri-
cation purposes. For example, polymeric alkylene
oxides, such as polymerized propylene oxide, have
been used for lubricating purposes. Other similar
polymers have found restricted use as substitutes
for mineral oll lubricants.

Synthetic lubricants such as these contain
ether oxygen linkages which appear to be
especially sensitive to oxidation. Various means

. of reducing this sentitivity have been investigated,
such as the addition of certain oxidation in-
hibitors. However, the sensitivity of such
polymers, which consist of chains of units each
having the general conflguration

—O—R—

wherein R is a hydrocarbon radical or substi-
tuted hydrocarbon radical, seems to be inherent
in polymeric lubricants of the above configura-
tion.

- It.is an object of this invention to provide im-
proved non-mineral oil lubricants. It is another
object of this invention to provide a non-
petroleum base lubricant having improved resist-
ance to oxidation. It is a third object of this in-
vention to provide a process for preparing non-
hydrocarbon lubricants having substantially no
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ability to absorb water. It is still another ob-
ject of this invention to provide new lubricants
which are thermally stable. other objects will
appear hereinafter.

Now in accordance with this invention it has
been found that copolymeric lubricants having
units of the general configuration

A(em) A=) ]-

wherein m, n, and r are integers and each R is an
organic radical (preferably a hydrocarbon
radical) have substantially greater oxidation
stability than simple polymers having repeat!ng
units of the general configuration

—O—R—

referred to hereinbefore.

_ Still in accordance with the present invention
it has been found that copolymeric lubricants
such as those above may be prepared by copoly-
merizing an alkylene (including substituted
alkylene) oxide or glycol with an alkylene (in-
cluding substituted alkylene) sulfide or thioglycol.
Again in accordance with the present invention it
has been discovered that the resulting copolymers
are not only highly resistant to oxidation but act
as excellent extreme pressure lubricants or lubri-
cant additives as well.

Alkylene oxides may be used in the prepara-
tion of the present copolymeric lubricants have
the general configuration

wherein each R is a hydrogen atom or an organic
radical, preferably a hydrocarbon radical. When
R is a substituent other than hydrogen, it may be
a8 hydrocarbon group such as methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, tert-amyl,
hexyl, heptyl, phenyl, etc. radicals. Thus the
epoxy group may be at one end of a carbon chain
or at any other position on the chain. Such
alkylene oxides include ethylene oxide, propylene
oxide, butylene oxide, amylene oxide, symmetrical
dimethylethylene oxide, symmetrical diethyl-
ethylene oxide, 2,2-dimethylethylene oxide, 2,2-
diethylethylene oxide, 2-methyl-2’ethylethylene
oxide, 2-methyl-2’-isopropylethylene oxide, as
well as polymerizable derivatives, homologs and
analogs of the same,



2,484,870

3

Another class of oxides from which the copoly-
meric lubricants may be prepared are the glycidyl
ethers containing one or more ether groups.
These include glycidyl methyl ether, glycidyl ethyl
ether, glycidyl - beta - methoxyethyl ether, and
glycidyl-n-decyl ether.

A third class of oxides forming copolymers of
the structure described hereinbefore are the
glycidyl esters, such as glycidyl formate, glycidyl
acetate, glycidyl propionate, glycidyl butyrate, ete.

The glycidyl amines also may be copolymerized
with alkylene sulfides according to the process
of the present invention. Typical amines of this
class are glycidylamine, methyl glycidylamine,
-ethyl-glycidyl amine, propyl glycidyl amine, iso-
propy! glycidyl amine, butyl glycidyl amine, di-
methyl glycidyl amine, diethyl glycidyl amine,
methylethyl glycidyl amine, ete.

Still another class of suitable oxides are the
epihalohydrins, such as epichlorohydrin, epi-
bromohydrin and epiiodohydrin.

Glycols from which the copolymeric lubricants
of the present invention may be made include
derivatives of ethylene glycols and of higher
alkylene glycols such as trimethylene glycol. The
ethylene glycol derivatives are exemplified by
ethylene glycol, propylene glycol, butylene glycol,
diethylene glycol, triethylene glycol and tetra-
ethylene glycol. .

Trimethylene glycol derivatives may be used
in the manufacture of the copolymeric lubricants
of the present invention, such as trimethylene
glycol itself as well as alkyl substituted trimethyl-
ene glycols. :

Typical of the trimethylene alkyl substituted
glycols are the methylated trimethylene glycols,
including 1-methyl-1,3-propanediol; 2-methyl-
1,3-propanediol; 1,1-dimethyl - 1,3 - propanediol;
1,2-dimethyl-1,3-procpanediol; 1,3-dimethyl-1,3-
propanediol; 2,2-dimethyl-1,3-propanediol; 1,1,2-
trimethyl - 1,3 - propanediol; 1,1,3-trimethyl-1,3-
propanediol; 1,2,2 - trimethyl - 1,3 - propanediol;
1,2,3 - trimethyl - 1,3 - propanediol; 1,1,2,2-tetra-
methyl-1,3-propanediol; 1,1,3,3-tetramethyl-1,3-
.. propanediol; 1,2,3,3-tetramethyl-1,3-propanediol;

1,1,2,2,3-pentamethyl-1,3-propanediol;  1,1,2,3,3-
pentamethyl-1,3-propanediol; and hexamethyl-
1,3-propanediol.

In place of the methyl groups other alkyl groups
may be utilized, such as ethyl, propyl, isopropyl,
butyl, amyl, hexyl, heptyl groups, etc. Other
substituted trimethylene glycols which may be
utilized in carrying out the present invention
_include 1 -methyl -2 - ethyl - 1,3 - propanediol;
2-methyl-2-ethyl-1,3-propanediol; 1-methyl-3-
ethyl - 1,3 - propanediol; 2 - methyl-2-butyl-1,3-
propanediol; 2-methyl-3-butyl-1,3-propanediol;
and homologs, analogs and derivatives of the
same.

Another group of glycols which are suitable
for the present purpose are those in which the
glycollic hydroxyls are separated by more than
5 carbon atoms, such as hexamethylene glycol,
heptamethylene glycol, octamethylene . glycol,
nonamethylene glycol, decamethylene glycol,
dodecamethylene glycol, etc., as well as alkyl-
substituted derivatives of the same,

Glycols which fall within the above classifica-
tion include 1,6-heptanediol; 1,6-octanediol; 1,6~
nonanediol; 1,7-dodecanediol; 1,8-nonanediol;
1,8-decanediol; 1,8-dodecanediol; 1,9-decanediol;
1,9-dodecanediol; 1,10-dodecanediol; 2,7-octane-
diol; 2,7-nonanediol; 2,7-decanediol; 2,7-dodec-
anediol; 2,8-nonanediol; 2,8-decanediol; 2,8-do-
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decanediol; 2,9-decanediol; 2,9-dodecanediol; 2,3-
dimethyl-1,6-hexanediol; 2,4-dimethyl-1,6-hex-
anediol; 2,5 - dimethyl - 1,6 - hexanediol; 2,2-di-
methyl-1,6-hexanediol; 3,3-dimethyl-1,6-hexane-
diol; 4,4-dimethyl-1,6-hexanediol; 5,5-dimethyl-
1,6-hexanediol; 2-methyl - 3 - ethyl-1,7-heptane-
diol; 2-ethyl-3-methyl-1,7-heptanediol;’ 3,3-di-
ethyl - 1,7 - heptanediol; 3,4 - diisopropyl-1,8-oc-
tanediol; etc., and their polymerizable homologs,
analogs and denvatives

Any of the above oxides and glycols may con-
tain elements other than carbon, hydrogen, oxy-
gen, or groups other than hydrocarbon, ether or
ester groups, such as the elements selenium,
tellurium, phosphorus and nitrogen, as well as -
groups such as carbonyl groups, etc.

As stated hereinbefore, alkylene oxides or
glycols are copolymerized, according to the proc-
ess of the present invention, with alkylene sulfides
or thioglycols in order to obtain copolymeric
lubricants having extreme pressure properties
and enhanced oxidation stability.

Alkylene sulfides which may be copolymerized,
as described hereinafter; include ethylene sulfide,
‘propylene sulfide, butylene sulfide, isobutylene
sulfide, amylene sulfide, etc.

Mercaptoalcohols may be copolymerized with
alkylene glycols to form the copolymeric lubri-
cants of the present invention. Typical of this
class of alcohols are  2-mercaptoethyl alcohol,
2-mercaptopropyl alcohol, 3-mercaptopropyl al-
cohol, 4-mercaptobutyl alcohol, etc.

A third class of sulfur compounds which may
be used in the preparation of the copolymeric
lubricants of the present invention are the di-
mercaptans, such as ethylene dimercaptan, pro-
pylene dimercaptan, butylene dimercaptan, tri-
methylene dimercaptan, hexamethylene dimer-
captan.

The copolymerization reaction is conducted by
heating the alkylene oxide or glycol with the al-
kylene sulfide or thioglycol in the presence of a
copolymerization catalyst. When copolymerizing
an alkylene oxide with an alkylene sulifide, it is
preferred practice to heat the two components
.at temperatures from about 25° C. to about 175°
C. for periods from about 1 hour to about 40
hours. Lower temperatures may be used if ac-
tive catalysts, such as boron trifluoride, are pres-
ent, but somewhat higher temperatures are pre- .
ferred in order to promote more rapid reaction.
Likewise, temperatures higher than about 175°
C. may be employed, particularly if the react-
ants are passing at a relatively rapid rate through
a reaction zone. Care must be taken, when uti-
lizing higher temperatures, that decomposition
of the monomers and the copolymer derived
therefrom is minimized and that side-reactions
are prevented.

The time and temperature of copolymerization
will be governed to some extent by the nature
of the catalysts employed. The preferred cata-
1ysts include active types such as aluminum chlo-
ride and boron trifluoride, and other catalysts of
a milder type, including alkali metal hydroxides
such as potassium hydroxide and sodium hydrox-
ide, as well as metallic salts such as stannic chlo-
ride, ferric chloride, etc.

‘When copolymerizing alkylene glycols with al-
kylene thioglycols (including mercapto alcohols
and dimercaptans), other conditions and cata-
lysts may be employed. Catalysts which are suit-
able for this type of copolymerization are those
promoting dehydration, such as sulfuric acid,
Phosphoric acid, sulfonic acids such as para-tolu-
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¢ne sulfonic acid, as well as lodine, hydrogen
fodide, etc. Preferably, the copolymerization is
carried out in a system whereby water and hydro-
gen sulfide, formed during the reaction, may be
continuously removed from the reaction zone.
- The copolymerization of alkylene glycols with al-
‘kylene thioglycols preferably is conducted at
‘temperatures from about 150° C. to about 300° C.
with optimum reaction within the range from
about 175° C. to about 225° C. If the reaction is
above about 300° C. there is a certain amount of
decomposition of the monomers and the copoly-
mer formed therefrom, so that undue losses oc-
cur and the product requires extensive purifica-
tion. i
* * When the copolymerization is carried out by
assembling all of the reactants in a vessel and
heating with continuous or intermittent distilla-
. tion of water, the reaction time required to ob-
tain products having molecular weights of about
200 or more is at least about 6 hours, and usu-
ally is about 24 hours or even longer. ‘When al-
kylene glycols comprise one of the monomers
under a given set of conditions the molecular
- 'weight of the copolymer varies directly with the
amount of water formed, since a molecule of
water is formed for every additional link added
to the copolymer chain. Consequently, the av-
erage-molecular weight of the copolymeric prod-
uct can be readily calculated by the amount of
water and hydrogen sulfide which has distilled
out of the copolymerization zone.

é -

‘ the product with facility, subsequent to the ¢o-

polymerization.

The proportion of diluent is not a critical fac-
tor in carrying out the process of the present in-
vention. - However, it is a preferred practice to
keep the reaction mixture as concentrated as

- possible consistent with maintaining homo-
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genelty, rate of polymerization, ete. Ordinarily,
when a diluent is used for a liquid phase copoly-
merization the initial proportion of diluent to

" -glycol is from about 1:1 to about 20:1, but pref-
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erably-is initially from about 2:1 to about 5:1.
When the temperature of the reaction is sub-
stantially below the boiling point of the diluent,
this ratio will remain unchanged throughout the

.. reaction.. If, however, the conditions are such
 that water formed by dehydration during copoly-
. merization distills azeotropically with part of
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the diluent, it is a preferred practice to arrange
a return inlet so that the diluent passing over
in the azeotrope may be replaced in or near the
copolymerization zone, so as to maintain a con-
stant diluent:glycol ratio. -

Other ingredients may be included in the co-
polymerization mixture, or may be added from

~ time to time during the polymerization. For ex-
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The copelymerization reaction niay take place -

in either liquid, solution, emulsion or gaseous
phases. Hence, the use of either liquid or gas-
eous  diluents is contemplated. Liquid diluents
‘may perform several functions by their presence,
acting as solvents for the monomers and/or the
_polymer, as solvents for the catalyst, as azeo-
tropic constituents for carrying off water formed
during the copolymerization, as diluents for the
control of copolymerization rate, or by their boil-
ing points, as controls for the temperature of
:-the reaction, as one phase of an emulsified reac-
tion mixture, ete. Gaseous diluents are used pri-
marily when the copolymerization is carried out
in gaseous phase, but also may be injected to
carry off the water formed during polymeriza-
tion, as coolants, ete.

Both gaseous and liquid diluents are preferably
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substantially inert toward the other components

of the reaction mixture in the temperature range
encountered prior to, during and after reaction.
The most satisfactory diluents are hydrocarbons
of either aromatic or aliphatic character, but
preferably are saturated aliphatic hydrocarbons.
When the diluent is to be used in an aqueous
phase copolymerization, it is preferably chosen
from the group of hydrocarbons boiling between
about 125° C, to about 300° C., especially if it ex-
- pected to participate in azeotropic distillation of
water during copolymerization. Hydrocarbons
having boiling points within this range include
the dihydronaphthalenes; cycloheptane, the
decanes, including 2-methyl nonane, and 2,6-
dimethyloctane, the octanes, including 2,2,3-tri-
methylpentane and 2-methyl-3-ethylpentane,
the nonanes, such as 2-methyloctane, 2,4-di-
methylheptane, 4-ethylheptane, the dodecanes
such as dihexyl or 2,4,5,7-tetramethyloctane, etc.

When the copolymerization is carried out in
gaseous phase, the diluent may be a lower hy-
drocarbon such as methane, ethane, propane, bu-
tane, etc., which act as regulators or diluents
for the reaction, but which can be stripped from

70

ample, the copolymerization may be earried out
in a closed system, such as an autoclave. In such
a case, the water formed in the copolymerization
may be effectively removed by the presence of
dehydrating agents which will combine with or
absorb the water as it is formed. Inert gases
such as nitrogen may be added to protect the hot
copolymerization mass from oxidation. React-
ants, such as alcohols, may be present for the
purpose of converting the hydroxyls normally
present on both ends of the polymer chains to
other functional groups, as more particularly set
forth hereinafter. ;
Following the copolymerization period, the
product is purified. The first step in purification
is removal of catalyst. If this is a solid, sus-
pended in the liquid polymer or & solution of the
polymer, g simple filtration is all that is required.

- When the catalyst is in solution other means

must be employed. For example, when sulfonic
acids are the catalysts used, a preferred means
for their removal from the polymer comprises
dissolving or thinning the polymer with _n or-
ganic solvent such as benzene, washing with con-
centrated caustic to convert the acid to the so-
dium salt, and subsequently extracting with water
to remove the sodium salts of the acids and any
remaining traces of caustic. :

After removal of the catalyst, the product is
dehydrated in order to remove the last traces of
water formed during copolymerization and any
water remaining from catalyst extraction opera- -
tions. Water may be removed by the use of de-
hydrating agents, or by distillation, preferably
under diminished pressure. If this latter method
is employed, any solvents present and any mono-
mers and relatively volatile copolymer fractions
may be removed at the same time. - Consequently,
at the end of these operations there remains the
copolymer free of solvents, water, catalyst and
low-boiling fractions. : ‘

For some purposes it may be necessary to de-
colorize the copolymers formed as described
above. Various bleaching and decolorizing proc-
esses may be used, but the most effective means
of color removal are percolation through or treat-
ment with an activated clay, such as fuller’s
earth, and hydrogenation, or a combination of

758 the two treatments. .
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Percolation through fuller’s earth is preferably
carried out in an inert solvent, suitably a hydro-
carbon such as benzene, toluene, xylene, hexane,
ete. The percolation is preferably carried out at
room temperature or below, but may be conducted
at elevated temperatures, as long as the tempera-
ture and pressure adjustments are such as to
- prevent boiling of the solvent and consequent
deposition of the copolymer in the percolation
tower. This percolation treatment results in the
production of copolymers having improved colors
satisfactory for many purposes, in which case all
that remains to be done is to flash off the solvent
in order to recover the copolymer.

On the other hand, copolymers having the
least c¢olor can be obtained only by following the
percolation by hydrogenation. Neither percola-
tion alone, nor hydrogenation alone, nor any of
the ordinary decolorizing or bleaching procedures
results in the formation of light colored copoly-
mers such as those obtained by treatment with
fuller’s earth followed by hydrogenation.

In carrying out the percolation through fuller’s
earth, oxygen-containing solvents such as ace-
tone, methyl alcohol and dioxane are relatively
ineffective for aiding in the removal of color from
the subject copolymers. The color removal ap-
pears to be specific in that hydrocarbon solvents,
and especially aromatic hydrocarbon solvents are
required, benzene and toluene giving the best
results.

' The hydrogenation step is essential for the re-
duction of color-sensitive functional groups, sup-
posedly carbonylic in character. Any catalyst
which is not poisoned by sulfur or sulfur com-
pounds is suitable for the reduction of carbonyls
although nickel suifide is preferred. Tempera-
tures employed vary from about 125 to about
250° C., and hydrogen pressures from about 500
to about 3000 Ib. per square inch are utilized.
Subsequent to hydrogenation, the catalyst may
be removed from the product by super-centrifug-
ing or filtration, and any solvents present are
flashed off to yield the light yellow copolymer.

The copolymers of the present invention may
have one or more hydroxyl end-groups, and also
may have sulfhydryl end-groups. )

These hydroxyl groups and/or sulfhydryl
groups may be acted upon by the usual methods
with such materials as etherifying or esterifying
agents in order to obtain products having altered
properties, such as solubility or improved action
as lubricants, plasticizers, etc.

Various etherifying agents may be used for
etherifying terminal hydroxyl groups and/or
sulfhydryl groups. These include alkyl halides,
such as methyl iodide, methyl bromide, ethyl
chloride, propyl iodide; aralkyl halides such as
benzyl chloride and methylbenzyl chloride; hy-
droxyalkyl chlorides such as hydroxyethyl chlo-
ride; carboxyalkylating agents such as sodium
monochloracetate; and alkylene halides such as
allyl chloride. Ordinarily, the etherification is
carried out in strongly basic environments; so-
dium hydroxide, liquid ammonia and quaternary
ammonium bases and salts being the usual basic
substances present.

Esterification of the terminal groups may he
accomplished with various inorganic groups such
as nitrates, phosphates or sulfates. However,
preferred esterifying agents are the organic acids
anhydrides or acid chlorides, and especially fatty
acids, acid anhydrides and their chlorides, in-
cluding for example those of formie, acetic, pro-
blonie, butyric, hexoic, 2-ethylhexoic acids, and
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higher fatty acids such as lauric, stearic, myristie,
palmitic and capric acids. Usually, the esters
are formed by treatment of the copolymer with
the anhydride of the acid in the presence of a
catalyst such as sulfuric or phosphoric acid or a
sulfonic acid such as para-toluene sulfonic acid.
The saturated fatty acids form the most stable
esters with the subject copolymers.

At times it is preferable to allow only partial
etherification, thus forming half-ethers or half-
esters instead of the di-ethers or di-esters theo-
retically possible. For other purposes the end-
groups may not only be partially or completely
esterified or etherified, but also may be so treated
as to result in the formation of mixed ethers,
mixed esters or ether-esters. i

Etherification or esterification of the end-
groups may take place simultaneously with or
subsequent to copolymerization, and may be ef-

"fected prior to or subsequent to the decolorizing

and purifying processes described hereinbefore,
Preferably, the end-grour modification is carried
out immediately after copolymerization and be-
fore purification or decolorizing, but a secondary
preferred time for modification is during the co-
polymerization step itself.

In carrying out this latter, the exact mecha-
nism by which substitution of the end-groups oc-
curs is obscure. However, it has been discovered,
in accordance with this invention, that by using
an active modifying agent, such as an alcohol,
as the diluent during the copolymerization, reac-
tion occurs. to give copolymers having at least one
substituted end-group, such as an ether group
or ester group. For example, if alcohols such as
n-octyl alcohol, n-decylalcohol, n-dodecyl alco-
hol, ete., or their isomers, are used as diluents
during the copolymerization, the corresponding
ethers of the copolymers are formed. This pro-
vides a convenient method for modifying the prop-
erties of the copolymer. ‘The reactive diluent may
be the only diluent present, or may be mixed wit,
one or more inert diluents. :

Other preferred means of modifying the end-
groups of the copolymers of the present invention
comprise treatment thereof with amines, or wa-
ter, either during the copolymerization step or at
any time subsequent thereto. .

When amino end-groups are desired it is pre- .
Jferred practice to treat the copolymer with a pri-
mary or secondary amine or with ammonia sub-
sequent to copolymerization, using a dehydration
catalyst to promote the reaction. By introducing
as little as 2% amino end-groups into the copoly-
mer, the stability of the latter to oxidation is con-
siderably enhanced.

The copolymeric lubricants of the present in-
vention have units of the general configuration

Flo o) /e N\
[N ey

wherein m, n and r are integers and each R is
an organic radical, preferably a hydrocarbon
radical. The ratio of —O—R-groups to —S—R-
groups may vary widely, dependent primarily
upon the purpose for which the copolymer is in-
tended. By copolymerizing as little as one mol
per cent of the above described sulfur compounds
with alkylene oxides or glycols a product is ob-
tained which has considerably improved oxidation
stability over that obtained when the sulfur units
are not present in the polymer. Furthermore, by
copolymerizing an alkylene oxide or glycol with at
least 10 mol per cent of the hereindefined sulfur
compounds a copolymer is obtained having ex-
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treme pressure characteristics, either when used
alone, or when employed as an extreme pressure
additive for mineral oils or synthetic Iubricants.
Thus, copolymers having only a very minor
amount of —S—R-groups, or containing any
amount up to a predominating proportion of
—S—R-groups may be prepared.

Dependent in part upon the monomers em-
ployed and the modification of the end-groups
effected during or subsequent to copolymerization,
the copolymers have various configurations, of
which the following are typlcal:

® n%(o—n}:—( s-n)l]' oH
@ ) H%(o—n}:{-s-n}:'j-sn
® g_l'_:éo—n}'{s—n}.—}on
0] o 0
M (G

3
s0tc

) .

CH
el I W A Y

L\ /a\" T/ Ne

Hs

wherein m, n and r are integers, and each R is an
organic radical, preferably a hydrocarbon radi-
cal, and especlally a saturated aliphatic hydro-
carbon radical.

The copolymeric lubricants described above
vary from thin liquids to viscous oils and, it the
molecular weight is great enough, products which
are gels or solids useful as lubricant additives are
formed. Polymers having molecular weights from
about 100 to about 4,000 are readily prepared, but
those having molecular weights from about 200
to about 1500 are preferred, since they have prop-
erties of viscosity and solubility which give them
extensive utility as lubricants and in Iubricating
compositions.

When the molecular weight is less than about
1500, the copolymers have pour points varying
from about —20° P, to less than —40° F. The
viscosity of the copolymers is generally higher
than that of a polymeric alkylene oxide or glycol
of corresponding molecular weight. A copolymer
of propylene oxide with only 2% propylene sulfide
and having a molecular weight of about 1000
had a viscosity of 192 centistokes at 100° F., while
a propylene oxide polymer of similar molecular
weight had a viscosity of 95 centistokes at 100° P

Another characteristic of the copolymers of the
present invention, which makes them particularly
useful as lubricants or as lubricant additives, is
their excellent viscosity index. Dependent upon
the four variables of molecular weight, monomer
identity, ratio of the several monomers and end-
group modification, the viscosity indices of the
present copolymers vary from about 100 to about
165. For example, the copolymer referred to in
the %receding paragraph had a viscosity index
of 137.

The resistance of the copolymers described
hereinbefore to oxidation is outstanding, espe-
cially in comparison with the stability of the
homopolymers of alkylene oxides or alkylene gly-
cols. The reason for this exceptional difference,
which is apparent even when the copolymer con-
tains as little as 1 mol per cent of groups derived
from a sulfur-containing monomer, has not been
ascertained. For example, the copolymer referred
to in the preceding two paragraphs required a
substantially greater period to absorb a given

10 “
quantity of oxygen than did a propylene oxide
polymer prepared under similar conditions,

While the subject copolymers are stable enough
for many purposes for use without further modi-
fication, their stability is enhanced by the addition
of 1,2-dihydroxybenzene or of certain types of
amines, such as polycyclic aromatic diamines,
monocyclic amino phenols and certain monocyclic
amines. Minor amounts, between 0.05% and 5%
by weight of the copolymer, substantially increase
the resistance of the latter to oxidation.

When about 10 mol per cent of the units of the
copolymer are derived from alkylene sulfides or
thioglycols the copolymer exhibits superior ex-
treme pressure characteristics, efther when used
as the only lubricant in a composition, or in com-
bination with other natural or synthetic lubri-
cants, Many of the more difficultly soluble co-
Dolymers are rendered more soluble by the intro-
duction of alkyl substituents, particularly those
having more than four carbon atoms. The iso-
amyl, octyl, lauryl, and: octadecyl radicals and
radicals from parafin wax greatly increase the
solubility of the copolymers in mineral ofls,

Other lubricants with which the subject copoly-
mers may be combined include synthetic oils such
as polymers of alkylene oxides and alkylene gly-
cols, high molecular welght esters such as bis
(2-ethylhexyl) sebacate, ete.

The copolymers may contain other additives,
such as anti-corrosion agents, especially organic
aclds capable of forming water-insoluble metallic
soaps. They may be combined with gelling agents
such as metallic soaps, graphite, etc., to form syn-
thetic greases, or may contain water or emulsify-
ing agents for use In cutting oil compositions.

The following examples are presented to illus-
trate the preparation and stability of typical co-
polymers:

I Four parts propylene sulfide, 196 parts pro-
pylene oxide and 6.9 parts potassium hydrox-
ide were heated in an autoclave for 24 hours
at 100-115° C. ‘The copolymer so formed
(92% -of the reactants) was washed with water
48 and dehydrated by heating at 100° C. under re-

duced pressure. The product had the following
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properties:

Viscosity at 100° F., centistokes__________ 192.00
Viscosity at 210° F., centistokes_________ 28.04
Viscosity index 137
SAE number, 70
Per cent sulfur 0.816
Molecular weight 995

Seventy-five grams of the copolymer were com-
bined with 1.5% phenyl-alpha-naphthylamine
and heated at 140° C. in the presence of 1 sq. cm.
copper per gram ofl with continuous introduction
of oxygen. It required 32.5 hours for the copoly-
mer to absorb 1800 cc. oxygen. A homopolymer of
propylene oxide of similar molecular weight and
prepared under the same conditions when com-
bined with 1.5% phenyl-alpha-naphthylamine re-
quired only 9.3 hours to absorb the same quan-
63 tity of oxygen.

The copolymer so formed wsas employed as an
engine lubricant in a 40 hour Lauson engine test,
using a jacket temperature of 100° F. There was
moderate lacquer formation and corrosion, min-
imum oil consumption, and normal deposits on
pistons and in the sump. -

II. One hundred parts propylene oxide, 100
parts propylene sulfide and 500 parts isopentane
were treated at the reflux temperature with an
78 excess of boron triflucride, added dropwise. The
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polymer so formed was washed with water, dilute
sodium hydroxide, again with water, and then
was dried at 100° C. under reduced pressure.

The polymer was tested for extreme pressure
properties in the four-ball machine described by
Boelage in “Engineering,” June 14, 1933. Table I
present the data obtained:

Table I
Load, Kg. se?é’%%lf
100. - 0.78
140. - R 0.85
O 1.02
800. .. - 1.85
400__ - 2.71
500__. e m——e 2.76
600. 2.62
00 ..o ——- - 3.08

We claim as our invention:

1. A method of preparing a liquid mixture of
linear copolymers having improved oxidation
stability which comprises heating an alkylene
sulfide and an alkylene oxide with an alkali metal
hydroxide catalyst in an autoclave at a tempera-
ture from 25° to 175° C. for a period of 1 to 40
hours, the molar ratio of sulfide to oxide being
from 1:100 to 1:1, the time and temperature be-
ing so regulated as to produce a mixture of
copolymers having an average molecular weight
from 2060 to 1500.

2. A method of preparing a liquid mixture of
linear copolymers having improved oxidation
stability which comprises heating-propylene sul-
fide and propylene oxide with sodium hydroxide
in an autoclave at a temperature from 25° C. to
175° C., for a period of 1 to 40 hours, the molar
ratio of propylene sulfide to propylene oxide be-
ing from 1:100 to 1:1, the time and temperature
being so regulated as to produce & mixture of
copolymers having an average molecular weight
between 200 and 1500.

3. A mixture of liquid linear sulfoalkylene-
oxyalkylene copolymers, having randomly dis-
tributed sulfoalkylene and oxyalkylene groups,

“the molar proportion of sulfoalkylene to oxyalky-
lene groups being from 1:100 to 1:1, said mixture
having an average molecular weight between 200
and 1500 and each copolymer having, in addition

- to the sulfoalkylene and oxyalkylene groups, ter-
minal radicals of the group consisting of hy-
droxy, alkoxy and acyloxy radicals.

4. A mixture of liquid linear oxypropylene-
sulfopropylene copolymers, having randomly-dis-
tributed oxypropylene and sulfopropylene groups
in a molar ratio of oxypropylene to sulfo-
propylene of about 1:1, said mixture having an
average molecular weight between 200 and 1500
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and each copolymer having, in addition to oxy-
propylene and sulfopropylene groups, terminal
hydroxy radicals.

5. A mixture of liquid linear oxypropylene-sul-
fopropylene copolymers having randomly dis-
tributed oxypropylene and sulfopropylene groups
in a molar ratio of sulfopropylene to oxypropylene
groups of about 2:98, said mixture having an av-
erage molecular weight between 200 and 1500 and
each copolymer having, in addition to oxy-
propylene and sulfopropylene groups, terminal
hydroxy radicals.

6. A mixture of liquid linear oxypropylene-
sulfopropylene copolymers having randomly dis-
tributed oxypropylene and sulfopropylene groups
combined in a sulfopropylene to oxypropylene
molar ratio from 1:100 to 1:1, said mixture hav-
ing an average molecular weight between 200 and
1500 and each copolymer having, in addition to
oxypropylene and sulfopropylene groups, ter-
minal hydroxy groups.

7. A mixture of liquid linear oxyalkylene-sulfo-
alkylene copolymers having randomly distributed
oxyalkylene and sulfoalkylene groups combined
in a sulfoalkylene to oxyalkylene molar ratio
from 1:100 to 1:1 and each copolymer having, in
addition to oxyalkylene and sulfoalkylene groups,
terminal alkoxy groups, said mixture having an
average molecular weight between 200 and 1500.

SEAVER A. BALLARD.
RUPERT C. MORRIS.

JOHN L. VAN WINKLE.
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