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This invention relates to lubricating oil addi-
tion agents having exceptional anti-corrosion
and detergent characteristics when added fto
mineral lubricating oil, and to lubricating oils
containing such addition agents with and with-
out supplemental detergents. More particu-
larly, the invention relates to cil-soluble metal
‘salts of the condensation products obtained by
condensing hydrocarbon substituted phenols
with olefin oxides as will be described herein and
to lubricating oils containing such metal salts.
"~ The present trend in internal combustion en-

gines, particularly of the diesel engine type, IS
in the direction of higher compression ratios,
higher operating temperatures and thus higher
- horse power output per unit weight of the en-
gine. Moreover, it is the trend to operate en-
gines of this type for longer periods without oil
change so that oils which are satisfactory for
use in the present-day high output diesel en-
gines, for example, must have not only an in-
itially high detergency and initially high anti-
corrosion characteristics but these properties
must be retained under severe conditions of use
for relatively long periods of use in an engine.
To further complicate the preparation of a sat-
isfactory oil for the lubrication of such engines
the fuels available often contain higher propor-
tions of sulfur than those which have beegn used
in the past and it is well recognized that high
sulfur fuels tend to produce corrosive condi-
tions in an engine which must be overcome by
the lubricating oil employed, otherwise not only
does corrosion take place in the engine but wear
rates are sufficiently high that frequent over-
haul and replacement of parts becomes neces-
sary, thereby unduly increasing engine opera-
tion cost.

It is an object of this invention to prepare lu-
bricating oils which will operate satisfactorily
in internal combustion engines and particularly
in the high output diesel engines over relatively
long periods of service. It is another object to
prepare such lubricating oils which will protect
engines of this type operating under severe con-
ditions even while using a fual! containing as
hiegh as 1% or more of sulfur.

It is found that these and other ob,]ects can
be obtained by adding to mineral lubricating oil
relatively small amounts of an oil-soluble metal
salt of the condensation product of a hydrocar-
bon substituted phenol and an olefin oxide as

defined hereinbelow. |
Thus the invention resides in lubricating oils

containing between about 0.05% and about 10%
by weight of an oil-sol- °

or as high as about 20%
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uble metal salt of the condensation product ob-
tained by condensing a hydrocarbon substituted
phenol wherein the hydrocarbon substituent or
substituents contain between about 4 and about
30 carbon atoms with a low molecular weight
olefin oxide which may also be described as an
epoxyalkane. These condensation products are
acidic and capable of reacting with metal bases,
as for example, metal oxides, hydroxides and
carbonates, under appropriate conditions to form
the corresponding metal salts. |

Typical oil-soluble metal salts are produced
by reacting approximately one molecular pro-

poriion of a hydrocarbon substituted phenol

stich as octylphenol with one molecular propor-
tion of ethylene oxide or propylene oxide. In
the case of propylene oxide, the phenol and ox-
ide are dissolved in about 2 parts by volume of
a petroleum naphtha and to the solution is add-
ed about 2 parts by volume of a condensation
catalyst or agent, e. g. sulfuric acid. The cat-
alyst is added slowly and the temperature of
the reaction mixture is maintained at about 20°
. to 30° C. at which temperature the reaction
is found to be complete in about 3 hours. Since
the reaction is exothermic cooling is necessary
in order to maintain the temperature within the
desired range. Following the completion of the
reaction the product is water washed until free .
of mineral acid. Upon evaporation of the sol-
vent naphtha employed there remains a resi-
nous material having a dark brownish color. .
The resin may be converted into its metal salt,
as for example the barium salt, by treatment
of a solvent solution, as for example a naphtha
or 2 hydrocarbon lubricating oil solution, of the
resin with barium hydroxide octahydrate or
with anhydrous barium hydroxide, in which lat-
ter case it is necessary to add small amounts of
water during the neutralization. Where the
metal salt is the desired produect, a thinner or
naphthg solution of the condensation product
is mixed with the desired metal base and, after
neutralization and elimination of water, the sol-
vent is evaporated leaving the metal salt of the
condensation product. The barium salt of the
above condensation product is a semi-solid to
solid resin of brownish color. Where it is de-
sirable fo prepare a lubricating oil concentrate
of the metal salt of the condensation product
the neutralization is preferably effected in min-
eral oil solution. In this case the condensation
product or the solvent solution of the condensa-
tion product is dissolved in about 1 to about 5
volumes of mineral lubricating oil and the de-
sired metal base and water is added. The re-



‘substituents.
~ ortho-, meta- or para- positions.
- compound will have either an ortho- and a para- -

 position free of substituents, or if the para- posi-.

. of these substituents.
- stituents include the so-called wax radicals, 1. e.
- radicals derived from paraffin: wax which may

o _catalyst
- hexyl,
-~ ethyl and propyl cyclnpentyl radicals and the -
- like. Aryl radicals include the phenyl radical,
- as for example phenylphenol.
include the benzyl radical and thus benzyl-
Alkaryl radicals  include the radicals ¢
- such as methylphenyl, ethylphenyl and the like.
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sulting product is agitated and heated sufficiently

- to effect: complete neutralization and subse~

 quently filtered to remove solid impurities. The

resulting product will be referred to as an oil

o concentrate of an oil-soluble metal salt of the
- condensation product of a hydroca,rbon substi-
tuted phenol and an olefin oxide.

5
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of this group of compounds, ethylene oxide and

1,2-propylene oxide are particularly  preferred.

Since in this preferred group of olefin oxides the
oxygen atom is attached to the terminal carbon

atom and the adjacent carbon atom, these com-

. pounds are generally referred 1}0 as 1,2-0lefin

Hydrocarbon substituted phenols whmh are'_ :

useful

" salts of this invention include the phenols hav-
- ing alkyl, cycloalkyl, aryl, aralkyl and alkaryl -
The substituents may be in the

Preferably the

in the preparation of the oil-soluble metal |

10

pxides or 1,2~epoxyalkanes.

- Within the preferred group of oleﬂn 0x1des

~in addition to ethylene oxide and propylene oxide .
mentioned, are butylene oxide (1,2-epoxybutane),

1,2-epoxypentane, 1,2-epoxy-3-methylbutane, the -

- 1,2-epoxyhexanes, e. g. 1,2-epoxy-3-methylpen-

~ tane and the various isomeric 1,2-epoxyheptanes

tion is substituted then preferably both ortho-

positions should be free of substituents.
substituents include the butyl, - amyl,

contain as higsh as 30 or more carbon atoms.

.. Wax phenols are well known in the art and may

- be prepared by reacting phenol with chlorinated
paraffin wax in the presence of a Friedel-Crafts
Cycloalkyl substituents include cyclo=-

cvelopentyl, methyl,

Aralkyl radicals

phenol. .

‘Olefin oxides are described and their method

- ¢ompounds are prepared by treating olefins with

aqueous solutions of chlorine to yield the cor-
responding chlorhydrins. The chlorhydrin ‘is
then treated with caustic alkali to form the olefin
oxide. Preferably the olefin oxide is removed
gs it is formed to prevent hydrolysis to the glycol.

Compounds to be included within the terms
“olefin oxides,” “low molecular weight olefin
oxides” or “epoxvalkanes” as used herein are

those compounds containing the group
=C CH—

\0/

where the remaining valences of the carbon
atoms are satisfied with hydrogen and/or alkyl

groups.
branched chain. Since it is found that the abil-

ity of these olefin oxides to form condensation
products decreases with increasing molecular
weight it is only the lower molecular weight olefin
oxides, i. e., those containing up to about 8 car-
bon atoms, which appear to have sufficient re-
activity in the condensation reaction to have util-
ity in accordance with the invention. Thus the
total carbon atom content of the alkyl radicals
in the above formula will be between 0, as in
ethylene oxide, and about 6.

Preferably the olefin oxides to be employed will

be those containing the group

—CH—CHa

\0/’

where the remaining valence of carbon is sat-
isfied with hydrogen or with an alkyl group con-~
taining between 1 and about 6 carbon atoms and

Alkyl

The alkyl groups may be normal or

and octanes. These compounds as well as the cor-
responding compounds where the oxygen atom is =
in the 2,3- position or the 3,4- position in the case

- 0f epoxyoctane,- and compounds such as 1,2-°
epoxyisobutane and other compounds having two.

S isoamyl, . -
' hexyl, heptyl, octyl, lauryl, cetyl and like radicals.

‘These radicals may be normal or branched chain

groups and the phenol may contain one or more.

- Moreover, the alkyl sub-

20

25
. stituted phenols to form candematmn pmducts- S
| ias deﬁned herem -

30

~and about 2 to 1.

alkyl radicals attached to one of the carbon

atoms which is in turn attached to oxygen are

included in the broader group of olefin oxides
which fall within the scope of this invention.
- Thus 2,3-epoxybutane, 2,3-epoxypentane and the
like have utility and are to be considered as

olefin oxides which react with hydrocarbon sub-

Prefer-

:phennl to oleﬁn 0x1de compound to be uszed in -
preparing desirable condensation products will
- be between about 0.5 and about 3 to 1.
~ably this molar ratio will fall between about 0.8
'Particularly. satisfactory re-

";sults have been obtained using approximately '

e
Gt

—of preparation is given in The Petroleum Chem-
icals Industry by R. F. Goldstein, E. and F. N. |

o - Spon Ltd., London, 1949, page 349 et seq. These 49

equal molecular proportwns of phenol and oleﬁn |

nx:tde
Catalysts or condensation agents which may be

'employed and which serve to effect the desired

condensation reaction include the acid catalysts,

as for example sulfuric acid and phosphoric acid,

- as well as the Friedel-Crafts type catalysts in-
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cluding aluminum chloride, boron tirifluoride,
zinc chloride and the like. In the case of
boron trifiuoride, this compound is generally em-
ployed in the form of its complex with diethyl
ether. The complex is known as boron trifluo-
ride etherate and has a boiling roint of about
125° C. The amount of catalyst to be employed
will generally be between about 0.5% and 10%
by weight of the total reactants. However, as
much as 209 may be employed if desired with

_satlsfactary results.

Although the condensation reaction will take
place in the absence of solvent or diluent, it is
generally desirable to employ a solvent during
the condensation reaction. Solvents which may
be employed include those which do not react

with phenols or with the olefin oxides under the

conditions of condensation. Such solvents in-

clude the hydrocarbon naphthas or thinners,

aromatic solvents, as for example benzene,
toluene, and xylene, and the like as well as chlo-
rinated solvents such as chloroform, carbon
tetrachloride and the like. Also, the condensa-
tion is satisfactorily effected using mineral oil
as the solvent or diluent. Thus, the solvent can
be the oil to be used in the preparation of the
final lubricating oil composition. The amount
of solvent or diluent to be employed may be wide-
ly varied, although generally between 0.5 and 5
volumes of solvent per volume of reactants is
found to give satisfactory results.

The temperature of reaction will depend upon -

the reactants involved but will generally be be-
tween about —20° C. and about 200° C. and pref-
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erably between about 0° C. and about 100° C. or
150° C. The temperature employed will depend
to some extent upon the volatility of the allyl
compound employed and also upon the reactivity
of the olefin oxide. With the more volatile com-
pounds, as for example ethylene oxide, lower
temperatures are generally preferred and pres-
sures up to 3 or 4 atmospheres may bhe employed
if desired in order fo maintain the reactants in
solution or in liquid condition at the tempera-
tures employed, or preferably the ethylene oxide
iz bubbled into a solution of the phenol and con-
densation agent. |

The time of reaction is dependent upon the .

particular reactants and upon the temperature
and condensation agent employed, although gen-
erally it is found that between about 1 hour and
8 or 10 hours suflices to effect the desired extent
of condensation. However, entirely satisfactory
condensation products have been prepared when
the reaction conditions were mainfained for as
iong as 24 hours, Producets so obtained are found
to be oli-scluble and metal salts derived from
the condensation products are also oil-soluble.
It is to be noted that with the higher molecular
weight olefin oxides as much as 20-25 hours is

10
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20

sometimes necessary where it is desired to carry

the condensation to completion. Moreover, in
the case of olefin oxides having two alkyl groups
attached to one of the carbons of the epoxy group
it is usually desirable to carry out the reaction
ab low temperatures, e. g. 0° C. to 20° C. in order
to avoid side reactions which tend to occur at
elevated temperatures. Just what these re-
acticns are is not known, however it is found
that with 1,2-epoxyisobutane, for example, a bet-
ter condensation product is obtained and more
of the phenol i1s reacted at these low tempera-
tures than when the temperature is permitted to
rise above about 25° C. or 30° C.

The metals to be employed in preparing metal
salts of the condensation products are preferably
the polyvalent metals, although the monovalent
alkali metals are satisfactory in some instances.
Thus the sodium, potassium and lithium salts
are found to be oil-soluble and have the desired

characteristics when added to mineral lubricat-

ing oils. Of the polyvalent metals, the alkaline
earth metals calcium, maghesium, barium and
strontium are particularly effective. However,
the zinc, lead and aluminum salts are suitable
- and in some cases chromium, iron, nickel, cobalt,
mercury, tin and other polyvalent metal salts
have utility and are to be considered part of this
invention, although this latter group of poly-
valent metal salts are not to be considered
equivalent to the alkali and alkaline earth metals
and zine, lead and aluminum salts. )
In preparing metal salts of the acidic con-
densation products a solvent solution or a lu-
bricating oil solution of the condensation prod-
uct is heated with the desired metal base, i. e.
xide, hydroxide or carbonate, in the presence
of a small amount of water or in the presence of
a small amount of alcohol. The mixture is
agitated and heated to eliminate water and/or
alcohol and effect neutralization. In the case
of the more weakly basic metals the metal salt
is preferably made by a method involving first
preparing the alkali metal salt, as for example

the sodium salt, and subsequently metathesizing

the alkali metal salt with an inorganic salt of
the desired metal. This metathesis is carried
out in alcoholic solution in order to prevent hy-
drolysis which would occur in aqueous solution.
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. duce outstanding lubricating oils.

Methods of metathesizing weak acid salts are
well known in the art and therefore need no fur-
ther description here. This same method of
preparation may be employed in producing any
of the polyvalent metal salts if so desired. |

In preparing finished lubricating oils the oil-
soluble metal salts or the oil conecentrates there-
of, produced as indicated above, are added to
mineral lubricating oil in proportions such that
the final oil will contain between about 0.059%

~and about 209 and preferably between about

0.5% and 10% by weight of the meatal salt. Al-
though no difficulty is encountered in preparing
oll solution because of .the ready oil-solubility
or oil-dispersibility of these compounds, the so-
lutions are generally prepared by heating the
01l containing the metal salt to a temperature of
100° C. to 150° C. and agitating the solution to
eitect rapid and complete solution and/or dis-
persion. Lubricating oils which may be em-
ployed include substantially all types of mineral
lubricating oils. Thus the oil may be one hav-
ing a viscosity index of 0 or even lower or it may
be a paraffinic type oil having a viscosity index

5 in the neighborhood of 100. Particularly satis-

factory results have been obtained using a sol-
vent treated Western paraffinic mineral lubricat-
Ing oil having a viscosity index of between about
85 and 95. |

Although lubricating oils containing the addi-
tive of this invention as the only additive ma-
terial are particularly effective, it is often de-
sirable, particularly where the oil is to be used
under severe service conditions, to incorporate

5 in the oil relatively small amounts, ag for ex-

ample 0.5% to 8 or 10% by weight, of 2 supple~
mental detergent. It is found, for example, that
oil-gsoluble metal sulfonates and partik:ularly the
oil-soluble metal salts of mahogany sulfonic
aclds obtained by treating lubricating oil frac-
tions of petroleum with sulfuric acid, SOs; or
cplorosulfonic acid, which methods of prepara-
tion are well known in the art, appear to coop-
erate with the additives of this invention to pPro-
' Thus by add-
ing between about 0.5 and 5% by weight of a
metal petroleum sulfonate it is found that the
detergency of the oil is improved without ad-
versely affecting the anti-corrosion or anti-
oxidation characteristics of the oil. |
-Another detergent which appears to cooperate
with the additives of this invention is g modified
sulfonate prepared by heating an oil-soluble metal
petroleum sulfonate with an inorganic base to
solubilize the base in the sulfonate. Thus, ma-
hogany sulfonic acids may be reacted with in-
organic bases as, for example, with metal oXxides,

‘hydroxides, carbonates and bicarbonates, to
-produce oil-soluble complexes containing a ratio

of equivalents of metal to sulfonic acids between
1.1 to 1 and 2 or more to 1 and these materials
are found to impart exceptional detergency char-
acteristics to lubricating oils containing the con-
densation product salts of this invention. Such
oil-soluble complexes of sulfonic acids and metal
hydroxides, oxides, carbonates and the like which
may be employed together with the additive of
this invention are those described by Mertes in
U. 8. Patents Nos. 2,501,731 and 2,501,732.

The metals to be employed as constituents of
the sulfonate or modified sulfonate supplemental
detergents are the same as those described here-
inabove as being useful as constituents of the
condensation products. | :

- The evaluation of lubricating oils containing
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the dil-soluble metal salts of this invention has

been carried out in Lauson single’ cylinder en-
gines. Tests in the Lauson single cylinder test
engines are carried out in such a manner that the
oil is subjected to severe service conditions. This
test is employed to determine the corrosion
tendencies of the o0il and to determine the tend-
ency for the oil to deposit resinous and lacquer-
like materials in the engine. In carrying out the
Lauson engine test the engine is operated for a
total of 60 hours under a load of about 3.5 horse
power, with a coolant temperature of about 295°
F'. and an oil temperature of about 280° F. At the
end of the test the cleanliness of the engine is

observed and the oil is given a numerical deter--

gency rating between 0% and 100%, where 100%
indicates a perfectly clean engine. Thus, a de-
tergency rating of 100% would indicate that dur-
ing the test with a given oil there were substan-
tially no lacquer or varnish-like deposits within
the engine. The corrosivity of the oil is measured
by determining the loss in weight of corrosion-
sensitive copper-lead bearings during the period
of test. Generally, the bearings are removed
and weighed after 20, 40 and 60 hours of opera-
tion. -

In those cases in which corrosion is extremely
severe and there appears to be danger of engine
failure due to excessive corrosion of the bearings
as indicated by an examination made at the 40-
"hour period, the copper-lead bearings are re-
placed with babbitt bearings in order to complete
the 60-hour test. The results of such engine
tests are shown in connection with some of the
examples presented hereinbelow.

The following examples illustrate some modifi-
cations of the invention, however it is to be
realized that various modifications of the de-
- seribed methods of preparation and the described
condensation product salts come within the scope

of the invention. -
- Example I

A mixture of 206 g. of octylphenol and 67.6'

ml. of propylene oxide is cooled to 20° C. and 54
ml. of concentrated sulfuric acid is added drop-
wise to the mixture. The temperature rises
rapidly to approximately 80° C. during the addi-
tion of the initial 9 ml. of acid. At this point the

mixture is cooled to 20° C. and 500 ml. of g light :

parafiinic naphtha is added. The remainder of
the sulfuric acid is. added slowly and the tempera-
ture maintained as nearly as possible at about

20° C. PFPollowing the addition of acid, which re-

quires about 45 minutes, the mixture is stirred for
an additional hour at room temperature and then
water washed to remove free mineral acid. The
product is topped to 150° C. to remove naphtha,
leaving a brown semi-solid resin as a residue.
The barium salt of this resin is prepared by
adding 28 g. of anhydrous barium hydroxide and
100 m]. of water (the water being added dropwise)
to a solution of 75 g. of the resin in 925 g. of an
SAE 30 solvent treated western paraffinic mineral
lubricating oil having a viscosity index of about

87 and a pour point of —30° C. The mixture is

heated to 175° C. and filtered hot through filter
aid to obtain as filtrate an oil concentrate of the
barium salt of octylphenol-propylene oxide con-

densation product. |
A lubricating oil is prepared by dissolving 12%

by weight of the above 0il concentrate in mineral
This

lubricating oil of the type described above.
oil has g viscosity index of 84 and a pour point of

- Gt

10

through a reflux condenser.

8

a detergency over 95% and a bearing :weig.ht loss

at 60 hours of less than 350 mg.
| Example 11 |
A 412 g, portion of p-octylphenol is dissolved in

~one liter of a light petroleum naphtha consisting

primarily of hexanes and heptanes and having a
boiling range of 60°-~100° C. Gaseous ethylene
oxide is bubbled into the solution and 27 ml. of
concentrated sulfuric acid is added dropwise
| The rate of addi-
tion of ethylene oxide is regulated so that ap-
proximately 2 mols is added during the addition

- of the acid. The temperature increases to reflux

temperature (72° C.) within a short time and
the rate of sulfuric acid addition is so regulated
that excessive boiling does not occur. Following
the addition of all of the acid and approximately
2 mols of ethylene oxide the reaction mixture is
refiluxed for one hour and then water washed to
remove free mineral acid. | |
"Approximately one-half of the water-washed
product is dissolved in 1000 g. of the mineral

~ lubricating oil described Example I and 173 g.

25

.30

40

o
. |

of barium hydroxide octahydrate is added. The
mixture is heated gradually to 175° C. with
stirring and filtered hot to obtain as filtrate an
oil concentrate of the barium salt of an octyl-
phenol-ethylene oxide condensation product.
The remaining one-half of the water-washed
material above described is treated with 46 g.
of lithium hydroxide monohydrate and 10 ml. of
water. The mixture is refluxed for 2 hours and
the refluxing then continued with a water trap
in the reflux line until no further water is op-
tained in the trap. The mixture is cooled, filtered
and topped to about 150° C. to remove naputha.
The product is the lithium salt of octylphenol-
ethylene oxide condensation product. |
Lubricating oils prepared with each of the
metal salts above described are found to have
good detergency and anti-corrosion character-
istics. | o
Example 111

- Ethylene oxide is bubbled through a mixture
of 220 g. of nonylphenol and 25 ml. of boron

~ trifluoride etherate. The temperature of the

GO

635

reaction mixture is maintained at about 30° C.
during the blowing with ethylene oxide until ap-

‘proximately 33 g. of the oxide has been used.

The mixture is then stirred for 2 hours at abcut
30° C., diluted with one liter of naphtha and
water washed until free of mineral acid.

The product is dissolved in 1750 g. of lubricat-
ing oil of the type described in Example I and
to the solution is added 41 g. of calcium hy-
droxide and 50 ml. of water. The mixture is
heated gradually to 175° C. and filtered hot
through filter aid to obtain as filtrate an oil
concentrate of the calcium salt of nonylphenol-
ethylene oxide condensation product.

A lubricating oil containing 8% by weight of
the above o0il concentrate in lubricating oil of
the type used in preparing the concentrate is
foupd to operate satisfactorily in a Lauson test
engine, ~ | -

| Example 1V
To a solution of 529 g. of cyclohexylphenol and

210 ml. of propylene oxide in 3 liters of light

petroleum ma:phtha. is added 82 ml. of concen-
trated sulfuric acid. The acid is added slowly

- while maintaining the temperature at about 25°

C. When the addition of acid is complete the

—5° C. and when tested in g Lauson engine has .75 mixture is stirred for an additional 3 hours at




2,659,606

9

about 25° C. and then washed with water to re-
move mineral acid. The water-washed product

is dissolved in 3500 g. of SAE 30 mineral lubri-
cating oil of the tyvpe described in Example I
and the solution heated to 150° F. to evaporate
the naphtha.

To approximately one-thlrd of the oil-solution
of the condensation product is added 123 g. of
lead oxide (PbO) and 75 ml. of water. The mix-
ture is heated gradually to 175° C, and filtered
hot through filter aid to obtain an oil concentrate
of the lead salt of cyclohexylphenol-propylene
oxide condensation product.

The remaining two-thirds of the topped oil

solution of concentrate is treated with 88 g. of
sodium hydroxide in the form of a 45 weight per-
cent aqueous solution. The mixture is heated to
200° C. and filtered hot to obtain as filtrate an
oil solution of the sodium salt of cyclohexyl-
phenol-propylene oxide condensation product.
- Appnroximately one-half of the concentrate of
sodium salt prepared as described in the preced-
ing paragraph is dissolved in 2 liters of naphtha
and a solution of 75 g. of anhydrous zinc chlo-
ride in 500 ml. of isopropanol is added. The mix-
ture is stirred vigorously for 3 hours and then
heated to 175° C. The resulting product is filtered
to obtain as filirate an oil concentrate of the
zine salt of cyclohexylphenol-propylene oxide
condensation product. |

L.ubricating oils are prepared from each of the
above metal salts. In each case sufficient of the
metal salt concentrate is employed to produce a
lubricating oil containing 4% by weight of the
metal salt. The o0il employed is an SAE 30
naphthenic lubricating oils having a viscosity in-
dex of about 50. Each of the three oils operates
satisfactorily in L.auson test engines and has high
detergency and good anti-corrosion character-
isties. |

Frxample V

The equivalent amount of isobutylene oxide is
substituted for propylene oxide in the above
example and the condensation reaction is car-
ried out at a temperature of approximately 20°
C. Lubricating oils containing the lead, sodium

and zine salts of the cyclohexylphenol-isobutylene

oxide condensation product in the amounts in-
dicated in the preceding example have high
detergency and good anti-corrosion character-
istics.
Example VI
A 170 g. portion of p-phenylphenol and 25 ml.

of boron trifluoride etherate are dissolved in 1500
ml. of a light petroleum naphtha. To this solu-

tion 70 ml. of propylene oxide is added slowly

with stirring while maintaining the temperature
of the reaction mixture at about 30° C. When all
of the propylene oxide is added the temperature
is raised to about 80° C. where refluxing occurs
and the mixture is refluxed for 2 hours.
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'The re- -

action product is washed free of mineral acid

using water,
The water-washed naphtha solution of con-

densation product is dissolved in 2000 g. of the
mineral lubricating oil described in Example I
and to the solution is added 32 g. of freshly
precipitated magnesium hydroxide and 50 ml. of
water. The resulting mixture is stirred and
heated to 175° C. and filtered hot through filter
aid. The resulting product is an oil concentrate
of the magnesium salt of a phenylphenol-pro-
pylene oxide condensation product.

A Iubricating oil prepared by dissolving 1000

. F“ '1 1 Il -

65

70

75
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g. of the above product in 5000 g. of mlneral -
bricating oil of the type used in preparing the
concentrate has exceptional detergency and anti-
corrosion characteristics as indicated by Lauson

engine tests.
Example VII

Example VI is repeated using an equivalent

‘amount of 1,2-epoxyhexane in place of propylene

oxXide. The epoxyhexane is prepared by treating
hexene-1 with hypochlorous acid to form the
chlorhydrin and reacting chlorhydrin with so-
dium hydroxide according to methods well known
in the art. The condensation reaction is car-
ried out at a temperature of about 50° C., and
following the addifion of the 1,2-epoxyhexane
the temperature is raised to 80° C. and the mix-
ture refluxed for 10 hours. |
A magnesium salt of the condensation product
prepared as indicated in the preceding example
is found to impart detergency and anti-corrosion
characteristics to mineral lubricating oil.

Example VIII

A 610 g. portion of pentadecylphenol is dis-
solved in 5000 g. of an SAE 10 solvent refined
paraflinic Western mineral lubricating oil having
& viscosity index of about 85 and 54 ml. of con-

centrated sulfuric acid is added to the mixture.

The mixture is stirred and while being main-
tained at about 25° C. ethylene oxide is bubbled
through the reaction mixture until a total of ap-
proximately 44 g. of ethylene oxide has been ab-
sorbed. The mixture is then washed free of min-
eral acid using hot water.

To the washed oil solution is added 123 g¢. of
potassium hydroxide in fhe form of a 50 weight
percent aqueous solution. The mixture is heat-
ed to 200° C. and filtered hot through filter aid
to obtain as filtrate an oil concentrate of the po-
tassium salt of pentadecylphenol-ethylene oxide
condensation product.

To approximately one-half of the oil concen-
trate of potassium salt prepared as above is add-
ed 2 liters of naphtha and a solution of 143 g.
of nickel chloride in 2 liters of isopropanol. The
mixture 1s stirred vigorously for 3 hours and
then heated to 175° C. to eliminate naphtha and
isopropanol and then filtered. The product is
an oil concentrate of the nickel salt of penta-
decylphenol-ethylene oxide condensation prod- -
uct.

A lubricating oil prepared by dissolving 10%
by weight of the above potassium salt concen-
trate in an SAE 30 mineral lubricating oil of
the type described in Example I has g detergency
greater than 909% in the Lauson engine test.
This oil operates satisfactorily in such engine.

A second oil prepared by dissolving 15% by
weight of the nickel salt concentrate in SAE 30
lubricating oil of the type used in Example I
has a detergency greater than 94% in the Lau-
son engine test and a bearing weight loss at 60
hours of less than 350 mg.

Example I1X

A paraffin wax having an average molecular
weight of about 350 is treated with gaseous chlo-
rine to obtain a chlorinated paraffin wax con-
taining approximately one atom of chlorine per
molecule of the wax. This product is condensed
with phenol in the presence of anhydrous alumi-
num chloride to obtain a wax substituted phenol
having a molecular weight of approximately 450.

A 450 g. portion of the above wax substituted

phenol and 70 ml. of propylene oxide are dis-

i} It
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solved in 2 liters of a light petroleum naphtha
and to this solution is added 16 ml. of concen-
trated sulfuric acid. The acid is added slowly
while maintaining a temperature in the reaction
mixture of about 25° C. After the addition of
acid is complete the mixture is refluxed at about
72° C. for 3 hours and then washed free of min-
eral acid with water.

The water-washed product is dissolved in 1500
. g. of an SAE 30 mineral lubricating oil of the
type described in Example I and to this oil solu-
tion is added 174 g. of barium hydroxide octa-
hydrate. The mixture is stirred, heated to 175°
C. and filtered hot through filter aid to obtain
as flltrate an oil concentrate of the barium salt
of a wax substituted phenol-propylene oxide con-
densation product.

12

bon atoms, with an olefin oxide having between
2 and about 8 carbon atoms per molecule at a
temperature between about 0° C. and about 100°
C., the molar ratio of phenol to olefin oxide being
between about 0.5 and 3to 1.

- 6. A mineral lubricating oil accordmg to claim
5 in which said polyvalent metal salt is an alka-

- 1line earth metal salt.

10
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A lubricating oil containing sufficient of the °

above concentrate to impart a barium salt con-
tent to the oil of 5% has a detergency -greater
than 94% and a bearing weight loss at 60 hours
of less than 300 in the Lauson engine test.

A second lubricating oil containing the above
proportion of barium salt and containine also
1.59 by weight of calcium petroleum sulfonate

. has a detergency in the ILauson engine test

greater than 97% and a bearing weight Ioss of
less than 325 in the Lauson engine test.

It is to be pointed out that the preceding ex-
amples are illustrative of the invention and are
not to be considered as limiting because the
phenols having one or more of the other hydro-
carbon substituents described herein and other
allyl compounds described herein are found to
condense under similar conditions to form com-
parable condensation product. Moreover, the
other metals described herein as being useful in
preparine the metal salts of the condensation
products may be substituted for the metals em-
ployed in the examples to give salts which are
effective as detergents and anti-corrosion agents
when added to mineral lubricating oils.

I claim:

20

7. A mineral Ilubricating oil according to claim
9 in which said polyvalent metal salt is a barium
salt. |

8. A mmeral lubrlca,tmg 0il according to claim

8§ in which said hydrocarbon substituted phenol

is p-octylphenol and said olefin oxide is ethylene
oxide.

9. A mineral lubricating oil containing be-
tween about 0.5% and 10% by weight of an oil-
soluble alkali metal salt of the acidic reaction
product obtained by condensing, in the presence
of an acid condensation catalyst, an alkyl substi-
tuted phenol, in which the alkyl substituent con-
tains between about 4 and about 30 carbon

- atoms, with an olefin oxide having between 2

25
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and about 8 carbon atoms per molecule at a tem-
perature between about 0° C and about 100° C.
under a pressure sufficient to maintain the re-
actants in liquid condition, the molar ratio of
phenol to olefin oxide being between about 0.5
and 3 to 1.

10. A mineral Iubricating 011 accordmg to claim
9 in which said alkali metal salt is a lithium salt.

11. A mineral lubricating oil containing be-
tween about 0.05% and about 20% by weight of
an oil-soluble metal salt of the acidic reaction
product obtained by condensing, in the presence
of a condensation catalyst selected from the class
of condensation catalysts consisting of sulfuric
acid, phosphoric acid, aluminum chloride, zinc
chloride, boron trifluoride and boron trifluoride
etherate, a hydrccarbon substituted phenol in
which the hydrocarbon substituent contains be-

~ tween about 4 and about 30 carbon atoms with

1. A mineral lubricating oil containing be-

tween about 0.05% and about 20% by weight of
an oil-soluble metal salt of the acidic reaction
product obtained by condensing, in the pres-

ence of an acid condensation catalyst, at a tem-
perature between about —20° C. and about 200° .

C., between 0.5 and 3 mols of a hydrocarbon sub-
stituted phenol in which the hydrocarbon sub-
stituent contains between about 4 and about 30
carbon atoms with 1 mol of a low molecular
weight olefin oxide containing between 2 and
about 8 carbon atoms per molectule.
- 2. A mineral lubricating oil according to claim
1 in which said olefin oxide is a 1,2-epoxy alkane.

3. A mineral lubricating oil according to claim
1 containing also between about 0.5% and about
10% by weight of an oil-soluble metal sulfonate.

4. A mineral lubricating oil according to claim
1 containing also between about 0.5% and atout
10% by weight of a modified sulfonate obtained
by heating an oil-soluble metal sulfonate with
between about 0.1 and 2 equivalents of an inor-
ganic metal bade selected from the class cons’st-
ing of metal oxides, hydroxides, carbonates and
bicarbonates to solubilize said base in said sulfo-
nate.

5. A mineral lubricating oil containing be-
tween about 0.5% and 10% by weight of an oil-
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- soluble polyvalent metal salt of the acidic reac-

tion product obtained by condensing an alkyl

substituted phenol, in which the alkyl substitu-

ent contains between about 4 and about 30 car-

75

an olefin oxide containing between 2 and about
8 carbon atoms per molecule, the molar ratio of
phencl to olefin oxide being hetween about 0.5

*and3t01.

12. A mineral Iubricating oil containing be-
tween about 0.5 and about 10% by weight of an
oil-soluble metal salt of the acidic reaction prod-
uct obtained by condensing, in the presence of an
acid condensation catalyst, approximately equal
molecular proportions of an octylphenol and 1,2-
propylene oxide in the presence of concentrated
sulfuric acid as a condensation catalyst and at
temperatures between about 20° C. and 80° C. |

13. A mineral lubricating oil containing be-
tween about 0.5% and about 10% by weight of an
alkaline earth metal salt of the acidic reaction
product obtained by the condensing, in the pres-
ence of an acid condensation catalyst, approxi-
mately equal molecular proportions of nonyl-
phenol and ethylene oxide in the presence of
boron trifluoride etherate as a condensation
catalyst at temperatures of about 30° C.

.14, A lubricating oil according to claim 13 in
wh1ch sald alkaline earth metal is calcium.

ILOREN L. NEFPF.
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