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This invention relates to extreme pressure
lubricating compositions. It relates particularly
to lubricating compositions containing phos-
phorus chlorine, and sulfur in aective form.
More particularly it relates to a lubricating com-
position having combined therein the condensa-
tion product of a halogenated polyalkylene gly-
col bis-carbonate with a compound containing
phosphorus and sulfur.

It is known in the art that lubricating ﬁlm's
are likely to fail under extreme pressures. For
example, certain machine elements, such as the
hypoid gears commonly used in automotive ve-
hicles, may, at times, be subjected to pressures
in the order of hundreds of thousands of pounds
per square inch. If the lubricating film sepa-
rating the opposed metallic surfaces fails, the
surfaces will contact each other directly. This
contact generates extremely high temperatures
due to friction and resulfs in seizure of the op-
posing elements, excessive wear, and early fail-
ure of the elements. Extreme pressure additives
containing active sulfur, phosphorus, or chlorine,
or mixtures of the same, are effective to prevent
this excessive frictional wear. These active ele-
ments react with the metal surfaces at the high
temperatures existent when the oil film fails,
and form a protective metallic sulfide, phosphide,
or chloride film which serves temporarily as a
lubricating medium until the normal oil film be-
tween the metallic parts can be reestablished.
Extreme pressure additives are known to the art,
then, as materials which are reactive with the
metals they lubricate to form extremely thin
protective films thereon when the temperature
of such metals rises due to failure of the normal
lubricating film under extreme pressure. |

This invention has as its object to furnish to
the art 3 new and useful additive having extreme
pressure and other valuable properties which
contains, in an active form, chlorine, sulfur, and
phosphorus. As a further object this invention
contemplates lubricating compositions contain-
ing the new additive material which are useful
for extreme pressure gear oils, cutting oils;
greases, and other lubricants where high film
strength properties are required. |

Briefly stated the new additive materla,l com-
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prises 2 halogenated polyalkylene glycol bis-car-

bongte condensed. with a compound contammg

both phosphorus and sulfur, such as an or ganic-_

thiophosphoriec or an organic thmphosphorous
acid derivative.

The polyalkylene glycol bhis-carbonates Gpera-
ble in forming the materials of this invention
have the following general formula:

i i
Ri—0—C—0—(R3—0—)y—C—0~—Ra

wherein 7 is an integer from 2 to 4, Ra -a;nd_' Re
may be the same or different and are alkyl, alicy-
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clic, aralkyl, aryl, or alkoxy-alkyl radicals, and Ra
is an aliphatic hydroecarbon group, either straight
or branched chain. In general Ri1 and Rz have
from 3 to 22 carbon atoms each, preferably from
4 to 18 carbon atoms. Examples of these radi-
cals are butyl, octyl, 2-ethyl hexyl, dodecyl, cetyl,
oleyl, stearyl, butoxy-ethyl, phenyl, alkyl-phenyl,

hydro abietyl, cyclohexyl, branched chain pri-

mary alcohols produced by the Oxo reaction on
propylene-butylene copolymers, or mixtures of
the above. The Rs group contains from 2 to 4
carpon atoms such as occurs in glyeols and poly-
glycols derived from ethylene, propylene, 1-bu-
tylene, 2-butylene, isobutylene, butadiene, etc.

Carbonate esters, in themselves, are known in
the art. For instance, Fincke and Bartlett in
U. S. Patent 2,263,265, disclose the use of a series
of the esters of normal carbonic acid to improve
spreading and penetration of mineral oils. The
use of chloraralkyl esters of thio acids such as
thiocarbonic acid is taught by Blake in U. S.
Patent 2,438,599.

It has now been found that very effective ex-
treme pressure additive compositions containing
chlorine, sulfur and phosphorus can be made by
chlorinating an organic carbonate ester and then
condensing the chlorinated material with a di-
thiophosphoric acid derivative.

In accordance with this invention, polyalkyl-
ene glycol bis-carbonate is halogenated by any of
the known methods until it contains a halogen
content of from 10% to 40% by weight, prefer-
ably from 159% to 20% by weight. Direct chlori-
nation with chlorine gas is an advantageous
method for the halogenation step. Although any
of the dialkyl esters of polyglycol carbonates
wherein the alkyl group contains at least 3 car-
bon atoms may be used in this invention, it is
preferred that the alkyl group contain from 4
to 18 carbon atoms, the dibutyl ester, the diamyl
ester, the dihexyl ester and the di Oxo octyl ester
of di-glycol carbonate being especially preferred.

The halogenated ester of polyglycol carbonate
is then condensed with an alkali or alkaline
earth metal salt of an organic dithiophosphoric
or dithiophosphorous acid to obtain the final

product. The proportions of the materials used
in this condensation may vary widely depending
upon the amount of phosphorus and sulfur de-
sired in the final condensate. For most purposes

a product obtained by condensing from 5 to 20
parts of the chlorinated organic ester of di-glycol

carbonate with 1 part of the alkali metal salt is
satisfactory, a preferred ratio being from 6 to 10
parts of the chlorinated ester to 1 part of the
salt, all parts being by weight. The ratio of
ingredients is to some extent dependent on the
original chlorine content of the ester, it being
preferred to remove by the condensation reaction

) from 20 to 50% of the original chlorine content.
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The condensation may be advantaﬂeous ¥ car-
ried out by refluxing in the presence of a selvent
such as isopropyl alcohol or ethyl alcohol which
is removed by heating after the condensation 1s
completed. The time of the condensation reac-
tion may vary from 1 to 10 hours.

The alkali metal salt of the acid used may
first be prepared and then the salt and the chlo-
rinated material admixed for condensation, or
the salt may be formed in situ by adding the de-
sired alkali metal hydroxide to a reaction mix-
ture of the acid and the chlorinated material

The invention will be explained more in deatail
by reference to the following example.

EXAMPLE I

466 grams of dlethylene glycol bis(n-butylcar-
bonate), also known as butyl diglycol carbonate,
were charged to a one liter, three-necked flask.
The flask was equipped with a thermometer, a re-
flux condenser, and a dszusmn stone for the
introduction of gases. Chlorine gas was intro-
duced at about 170° F. until the COIltEt"ltS ol the
flask had gained 50 grams
blown with air for about 18 hours to remove dis-
solved HC!1 and chlorine. Analysis of the ma-
terial s‘lowed a chlorine content of 14.98%

180 grams of th1s chlorinated matenal were

mixed with 20 grams of di-isopropyl dithiophos-
phoric acid, 16 grams of a 25% solution of NaOIH :

and 200 grams of 01% isopropyl alcohol as
solvent. The mixture was then heated to reflux
and the refluxing was continued for 3% hours
with constant stirring. The solvent was then re-
moved by blowing with nitrogen while heating
on a steam bath, followed by heating at about
212° P, in a vacuum oven. After filtration the
product showed the fohowmg analysis:

| Percent
Chlorine . 10.48
Su].furl e e e e e e e o e Tt e e e o e e it e e e 2.56
Phosphorus e o i e e 1.86

To test the extreme pressule properties of this
material, it was blended to a 10% concentration
45% of a steam refined Pennsylveme type cylin-
der oil and 55% of a solvent extracted Mid-Con-
tment distillate, the blend having a v150051ty at
210° P of about 87 S. U. S. Tests reportmg the
extreme pressule characteristics, the well known
SAE and Tlmken Machine extreme pressure
tests, were run on the base 011 base oill-gdditive
blend, and a blend of the base oil and a com-
mercial extreme plessure additive. The results
of these tests are reported in Table I below:

TABLE I
E. P. test data

PR
e

r {

Timken Méchine . SAE
. . . Machine @
Additive 1,000 R. P.

Load, | Scar Lbs./ M., Secale

Lbs. 164" 5. in. Lbs.

NONC. oo e 10 1.35 9,500 60
10 e e e 23 2.85 | 19,300 4504
Cioml, Agt., 10,0__ _________ 181 1.65 ! 14,000 325

It will be noted from the table above tha,t the
material of this invention shows a pronounced
improvement in resistance to extreme pressures
over the base oil alone or the base oil-commercial
additive blend.

Although for purposes of the laboratory tests a
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made in a mineral base oil, concentrations of
from 1% to 20% in either a naturally occurring
mineral oil or a synthetic lubricating oil exhibit
desirable extreme pressure properties. Preferred
concentrations are from 5 to 19%.

The additive materials of this invention are
compatible with other ingredients which may be
blended in lubrlcatmg compositions, such as vis-
cosity index improvers, pour depressants, sludge
dispersers, oiliness agents, corrosion inhibitors,
oxidation inhibitors and the like.

To summarize priefly, this invention comprises
a new and useful additive material which may
be blended with lubricating compositions, such
as greases, gear oils, cutting oils, and the like, to
impart extreme pressure resisting properties and
other desirable properties to the blend. Gen-
erally speaking it comprises an additive prepared
by condensing a halogenated organic ester of a
polyglycol carbonate with a salt of an organic
thiophosphoric or thiophosphorous acid in order
to obtain a condensate having available halogen,
sulfur, and phosphorus in active form.

‘What is claimed is:

1. A new and useful product having the prop-
erty of increasing the extreme pressure resisting
qua,llty of a lubricant into which it is blended
which ecomprises a condensation product of about
20 to 5 parts by weight of a di-alkyl ester of a
di- glycel carbonate which contains from 15% to
20% by weight of active chlorine, each of said
alkyl groups having from 4 to 18 carbon atoms,
with about 1 part by weight of an alkali metal
salt of a material seleéted from the class consist-
ing of alkyl substituted dithiophosphoric acids
and alkyl substituted thlophDSphOI'Olls acids said
product having been formed by heéating together
a, mixture of said ester and said salt in the pres-
ence of a solvent for from 1 to 10 hours.

2. A new and useful product having the prop-
erty of jncreasing the extreme pressure resisting
quality of a lubricant into which it is blended
which comprises a condensation product of about
10 to 6 parts by weight of a di-alkyl ester of a

' dl-glycol carbonate which contains from 16% to

20% by welght of active chlorine, each of said
alkyl groups having from 4 to 18 carbon atoms,
with about 1 part by weight of an alkali metal
salt of an alkyl substituted dithiophosphoric acid
said product having been formed by heating to-
gether a mixture of said ester and said salt in
the presence of a solvent for from 1 to 10 hours.

3. A new and useful product having the prop-
erty of increasing the extreme pressure resisting

3 quality of a lubricant into which it is blended

which comprises a condensation product of about
9 parts by weight of the dibutyl ester of di-glycol
carbonate containing about 15% active chlorine,
with about 1 part by weight of the sodium salt
of di-isopropyl dithiophosphoric acid said prod-
uct having been formed by heating together a
mixture of said ester and said salt in the presence
of 1sopropyl alcohol for from 1 to 10 hours

4. A lubncatmg composition having improved
extreme pressure resisting properties which con-
sists essentially of a major amount of a lubricant
having combined therein from 5% to 15% by
weight of a compound formed by heating together
about 10 to 6 parts by weight of a di-alkyl ester
of a di-glycol carbonate which contains from 15%
to 20% by weight of active chlorine, each of said
alkyl groups having from 4 to 18 carbon atoms,
with about 1 part by weight of an alkali metal
salt of an alkyl substltuted dlthmphesphonc
acid said compound having been formed by heat-




5
ing together a mixture of said ester gnd said salt
in the presence of a solvent for from 1 to 10 hours.

0. A lubricating composition having improved
extreme pressure resisting properties which con-
sists essentially of a major amount of a Jubricant
having combined therein from 5% to 15% by
weight of a compound formed by heating together
a mixture of about 9 parts by weight of the di-
butyl ester of di-glycol carbonate containing
about 15% active chlorine, with about 1 part by
weight of the sodium salt of di-isopropyl dithio-
phosphoric acid in the presence of isopropryl al-
cohol for from 1 to 10 hours.

6. A lubricating composition havihg improved
extreme pressure resisting characteristics which
consists essentially of a major amount of a min-
eral base lubricating oil and having combined
therein about 10% by weight of a product ob-
tained by heating at about 178° F. for about 315
hours, a mixture of about 90 parts by weight of
the dibutyl ester of di-glycol carbonate which has
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been chlorinated to a chlorine content of about
19% by weight, about 8 parts by weight of a 25%
solution of sodium hydroxide, about 100 parts by
weight of isopropyl alcohol, and about 10 parts
by weight of di-isopropyl dithiophosphoric acid.
ELMER B. CYPHERS.
ALEXANDER H. POPKIN.
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