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This invention relates to improvement agents
for lubricating oils and methods of meaking the
same,

In the lubrication of internal combustion
engines of all types, particularly when severe
operating conditions are encountered, plain min-
ersl oils often prove unsatisfactory due to the
attendant deposition on the engine surfaces,
such 2s cylinder walls, pistons and rings of
“yarnish,” gum or “sludge.” This effect is par-
ticularly serious in modern engines operating
under severe conditions, such as Dissel engines,
aviation, truck and tank engines. The problem
has become increasingly serious due to the trend
toward higher efficlency, or higher power oui-
put per unit weight per engine, reduction in the
amount of oil employed in the lubricating sys-
tem of the engine and other conditions which
tend to accelerate the deteriorating influences on
minerzal lubricaeting oil.

The formation of so-called varnishes or
sludges on engine surfaces is due to oxidation or
polymerization effects (or hoth) on the lubri-
cating oils, as well as to like effects on or from
the products of combustion of the fuels, which
find their way by leakage into the engine crank
case and other parts of the engine.

The presence of these substances is disadvan-
tageous for many reasons. In particular the oil
and fuel oxidation products tend to increase
ring sticking and production of deposits on piston
surfaces and in fixed parts of the combustion
chamber, Sludges are formed in the crank case
of the engine and the rate of corrosion of bear-

ing surfaces is increased especially with bear- -

ing alloys of the types now in use.

Petrcleum oils intended for use under the
severe conditions described are almost always
compounded with a mixture of substances each
intended to counteract one or more of the un-
desirable effects noted. These substances,
which fall into & wide variety of chemical clas-
sifications are k¥nown by the general term “im-
provement agents” or addition agents. FPrepa-
ration ‘6% ‘satisfactory compounded lubricants is
2, matter of considerable diffculty. Some of the
agents are of low potency in that a rather large
amount has o be added to achieve certain de-
sired results. Often two or more agenis are
more ‘or less incompatible with each other; and
their rather low solubility in general further adds
to the difficuliies in preparing & useful lubricant.

One object of the present invention is the pro-
vision of an improvement agent for engine oils

which can be incorporated in petroleum oils in

effective ‘proportions and which 1mpa,rts to the
oil a piurality of functions. :

Another object is the provision of such an
agent: in-the form of a solution in petroleum
lubricating oils, which serves the functions of
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(1) acting as a negative catalyst to suppress the
formation of deterioration or oxidation products,
such as varnish, sludge and gum, (2) acting as
8 loosening -or suspénding agent (detergent) to
prevent ring sticking, “varnishing,” coating of
metallic surfaces by such reduced amounts of
deterioration products as may be formed and
(3) acting &s a supending or dispersing agent
for retsining very small particles of solid de-
terioration or conteminating materials in the

 oil; for example, particles of carbonaceous mat-
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ter that find their way into the crank case oil
by passing the piston rings which cannot possibly
be made absolutely tight. Another object is the
provision of a new improvement agent capable
of increasing the solubility or dispersibility of
other agents such as straight soaps or the like,
when it is desired also to add such compounds to
the oil.

According to this invention, new improvement
agents for lubricating oils capa,ble of achieving
these and other objects are prepared from cer-
tain alkylated phenols (olefine-phenol reaction
products) by simultaneously reacting phosphorus
oxychloride (POCI;) and phosphorus sesquisul-
fide (P«S3) with the alkylated phenols to form
complex acid reaction products, which in turn
are treated with lime (or other metal oxide or
hydroxide), producing stable complex metallo-
compounds of alkylated phenol esters of phos-
phorus acids, of the character described in more
detail below. That is, as shown post, the new
agents are prepared from alkylated phenols
containing et least one branched chain alkyl
group. Likewise, as there shown, in preparing
the new agents, such alkylated phenols are
simultaneously reacted with phosphorus oxy-
chloride and phosphorus sesquisulfide under con-
trolled conditions to produce acid reaction prod-
ucts thereof, and the acid reaction products so

" obtained are heated with polyvalent metal oxides
- and hydroxides until stable, substantially neutral

metallo derivatives thereof are obtained; the
stable, oil-soluble improvement agept so ob-

‘tained being sevarsted from the unreacted metal

oxides and hydroxides and other insoluble com-
pounds. The polyvalent metal compounds so

- obtained, particularly the di- and tri-valent
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metal compounds end mixtures thereof, are use-
ful for the present purposes.

The so-prepared agents or metallo-compounds,
in solution in iubricating oils provide four func-
tions which are useful and advantageous in
lubricants. (1) By virtue of the combined poly-
valent metal (e. g. calcium, ete.) suspending. or
detergent properties are imparted, as well as re-
sistance to ring sticking, (2) the combined phos-
phorus imparts anti-bearing-corrosion and anti-
ring-sticking - properties as well as pressure-
carrying properties, (3) the combined sulfur.
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serves to give pressure carrying properties to the

oil and to retard corrosion of alloy bearings, and ..

(4) by virtue of the organic nucleus, the alkyl-
ated phenol groups, the oil has good antioxidant
and oiliness properties and suspending and
solubilizing functions. :
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portant advantage in that in addition to being
very oil-soluble itself, it acts to disperse in min-

", eral.oils other improvement agents which are of

Thus according to the invention there is pro- ’

vided a compound which, dissolved in oil, im-
parts thereto all the many desirable features
which we wish to obtain. It is in a form which
is so soluble in motor oils of all types and degrees
of refinement that we can incorporate any de-
sired proportions to form a clear solution in lu-
bricating oils, even in most highly refined and
most paraffinic of the heavy aviation oils, such
as are specified for the most sever: and exacting
aviation service.

Tt is known that highly paraffinic oils, refined
to the high degree desired to secure such desired
properties as low carbon-forming effects and
high viscosity indices (improved ‘viscosity tem-~
perature relationships) are relatively poor sol-
vents for decomposition products formed in use.
_ Also there is increased tendency to induce bear-

ing corrosion. In this invention these undesir-
able properties of such oil are done away with by
the use of moderate amounts of our new com-
pounding agent having cumulatively all the de-
sired properties in the way of ready solubility in
the oils and other advantageous effects men-
tioned above. We can employ very highly re-
fined paraffinic-type aviation oils that have the
desired superior physical characteristics as re-
gards the particular property, and, at the same
time avoid any undesirable effects whatever from
the use of such oils. In other words, the addition
of our compound which is soluble in all propor-
tions in the heavy highly refined paraffinic oils
ensbles us to secure all the properties desired in
the way of the oils of superior performance char-
-acteristics, as well as the effects of detergency,
avoidance of ring sticking, varnish formation,
sludge formation and corrosion of alloy bearings
that might otherwise be encountered, as well as
secure the desired effect of retarding oxidation
due to the use of more highly refined oils of less

tendency to oxidize combined with the use of

a compound which actually retards oxidation.

Ancther important field of utility 'for the in-
vention is in Diesel lubricating oils. Heretofore
it has been considered best to use naphthene-type
oil dosed with certain compounding agents which
are of undesirably low efficiency and which more-
over are not readily soluble even in the most
naphthenic type of Coastal oils. This has often
been necessary to make a compromise even for
the Coastal oils of greater solubility effect for
compound agents between the degree of refining
and the solubility effect for the addition agents.
It is quite unsatisfactory for most of these agents
to use even a moderately refined paraffin type
oil, as all or part of the addition agents hereto-
fore used will often separate from the oil upon
standing. For these reasons Diesel lubricating
oils hitherto prepared have been rather unsatis-
factory in that they employ low grade oils of
less degree of resistance to oxidation than would
otherwise be desirable, With the present inven-
tion, we prepare an improved oil which performs
satisfactorily in Diesel engines by employing a
highly refined paraflin-type of oil with control
of ring sticking effects and sludge formation and
detergency effects by incorporation of the pres-
ent compound in any desired proportion.

The new improvement agent has another im-

10
1‘5
20
20

30

86

43

80

b5

a0

65

70

themselves relatively insoluble. For example, in

- accordance with the present invention 1 per cent

or more of calcium oleate or aluminum stearate
can be dissolved in oil to form a stable and com-
mon dispersion with the aid of an equal quantity
of the new agent. Thus the new agent is some-
times useful when and where its own antioxi-
dant and dispersing properties are not required
for its value in dissolving other agents.

The new agent iIs conveniently prepared in the
form of a concentrated oil solution which can
readily be stirred into an oil to prepare a com-’

‘pound lubricant.

In preparing the new agent, the base material
is advantageously alkylated phenols which them-
selves have good antitoxidant properties. ' A con-
venient source for this base material or principal
reactant is the phenol-olefin reaction products
prepared as described in U. S. Patent 2,149,759
issued March 7, 1939, to Troy Lee Cantrell. For
instance, an advantageous material is a ‘“heart-
cut” of such phenol-olefin reaction products, pre-
pared from the 20-80 per cent cut separated by
steam or vacuum distillation; vacuum distilla-
tion being preferred. This heart-cut is a mix-
ture of liquid, semi-liquid and crystalline alky-
lated phenols. It is soluble in all proportions in
lubricating oils and gasoline, and soluble in most
organice solvents and insoluble in water and NaOH
solutions. It has the following properties:

Gravity. e °A. P. 1..18.0-24.0
Sp. gr., 60°/60° F_ e~ 0.9465-0.9100
Viscosity, S.U. V.: ‘

100° P o - 60-000
POUr e e e e °F__ —30 to +15
Color, N. P. A 1.0-1.5
Free phenol.. o percent_.. Nil
Mineral acidity,

SOz eyuivalent_ oo percent.. Nil
Distillation, A. S.T.M. D 86-38:

Over point . _______ °F.. 375-380

End point_ o °F... 525-540

10% at . _— ._-°F__. 415-450

1 U U 470-495

90 .. _.. 495-525

This phenol-olefin reaction product contains
varying amounts of 4-tertiary-butyl-phenol, 2-
tertiary-butyl-4-secondary~butyl phenol, 24-di-
tertiary - butyl - phenol, 2,6 - di-tertiary-butyl-4-
secondary - butyl phenol, 2,4,6-tri-tertiary-butyl
phenol, 2,6-di-tertiary-butyl - 4 - methyl phenol,
4,6-di-tertiary-butyl-2-methyl phenol, 4,6-di-ter-
tiary-butyl-2-methyl phenol and other alkylated
phenols containing a branched chain alkyl group
attached to the phenyl nucleus thereof. All these
alkylated phenols have good antioxidant prop-
erties and are useful in making our new improve-
ment agents. As a class they may be represented
by the following general formula:

R
|

ll'{/
whereih R, R’ and R’’ represent hydrogen or an
alkyl group, at least one branched chain alkyl
group being present. Those containing secondary -
or tertiary alkyl groups are particularly advan-
tageous for the present purposes. .
In proceeding in accordance with the first stage
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of the present invention, such alkylated phenols
are brought into reaction with phosphorus cxy-
chloride and phosphorus sesquisuifide in the de-
sired proportions, the mixture of reactants being
heated to facilitate reaction. Upecn heating the
mixture, the three reactants vigorously interact,
forming complex alkylated phenyl esters of phos-
phorus acids, wherein the alkylated phenyl
groups thereof contain at least one branched
chain alkyl substituent. Advantageously, the re-

action may be effected at temperatures between '

280 and 550° F., and is ususaily carried out at
about 450° P. Likewise, the proportions of the
reactants, namely the alkylated phenols, POCh
and P4S3, may be varied and controlled {o produce
reaction products advantageously for the present
purposes. Usually we employ 15 to 25 parts of
vhosphorus oxychloride and 1 to 5 parts of phos-
phorus sesquisulfide per 100 part of the alkylated
phenol. The reaction producis so obtained readily
react with metal oxides and hydroxides, forming
metal salts of these alkylated phenol esters.

In forming such metal salts, the reaction prod-
ucts or esters described ante may be treated with
various metal compounds. For instance, valu-
able improvement agents are readily obtained by
heating such products with lme.
lime (quick or hydrated) is added in the propor-
tions of about 5 to 25 parts (Bzured as Ca0) per
100 parts of the reaction product and the mix-
ture heated at a temperature of 220-400° F, for
about three hours. The reaction mixture is fll-
tered and is then ready for use.

In Jieu of ordinary lime, dolomitic limes, mag-
nesia or magnesium hydroxide cen be employed.
Likewise other polyvalent metallic ozides or hy-
droxides, such as alumina or zinc oxide may be
employed in preparing our metallo-derivatives or
metal salts of these alkylated phenyl esters of
phosphorus acids. That is, various metal com-
pounds may be employed in the practice of this
invention.

"The improvement agents so obtained are of
complex constitution, even when g single alkyl-
ated phenol, such as 2,8-di-tertiary-butyl-4-
methyl phenol, ete., is employed. FPurther, us-
ing mixtures of alkylated phenols, such as the
“neart-cut” of the olefin-phencl reaction prod-
ucts described ante, mixtures of metallo-deriva-
tives of alkylated phenyl esters are oblained.
As stated, these are advantageous in the practice
of this invention.

That is, our improvement agent is probably &
mixture of similar or analogous compounds and
may contain varying proportions of the several
constituents, namely combined phosphorus, sul-
fur, metal, etc., combined in & complex metallo
ccmpound. As a matter of fact, we vary the rela-
tive proportions of the reactants, depending upon
the particular properties desired. There is con-
siderable flexibility in the proportion of calcium
or other metal added and combined for securing
a range of detergency, anti-ring sticking, and
solid suspension effects; or ip the amount of
combined phosphorus as required to obtain the
desired anti-ring sticking and anti-corrosion ef-
fects. That is, these constituenis of our improve-
ment agents can be varied at wiill. For instance,
the metal content can be made to vary over rela-
tively wide limits.

That fs, in practice we vary the proportions
of the several reactants in accordance with ¢he
particular properties desired. After the desired
combinations have been effected, the reaction
product is filtered to remove insoluble comnpounds
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and is then ready for use. The filtered materials
are readily soluble in lubricating oil.

In preparing improved lubricants, the opti-
mum proporiion of the agent to be introduced
Into ubricating oils depends on the severity of
the service conditions and the degree fo which
the oil itself tends to form gum or varnish. Or-
dinarily from 0.25 o 5.0 per cent by weight of
the improvement agent on the oil is suitable,
The improved Iubricants so obtsined have the
advantazeous properties described ante and are
superior lubricants.

The preparation and use of cur improvement
agents is further illustrateqd in the f{ollowing
jllustrative examples which are typical but not
limitative of this invention. ’

Ezample I—In a specific example illustrative
of one advantageous way of preparing an agent
within the purview of the invention, 1684 pounds
of the above described phenol-olefin reaction
product were mized with 50 Ibs. of P4S; and 614
pounds of POCh. The minture was egitated and
heated at 450° 7. for a period of 4% hours.

The reaction product so obtained was & mix-
ture of alkylated phenyl esters of phosphorus
aclds, which readily react with metal oxides and

hydroxides. This particular. reaction product
hed the foliowing properties:

Gravity e °A.P.I.. 08
Specific gravity, 60°/60° Foe . ] e 18711
Viscosity, S. U, V..

A00° B e 308
Color, N. P. A e C e 8.5
sSulfur, CarlliSammom e per cent.-.  0.50
Phospherus, Carlus oo d0..-- 892
Chloring, Cariis. e do_... 10.80
Ash as sulfafe do_..- 0475

This reaction product was diluted with ap-
proximaiely an equeal! weight of mineral lubricat-
ing oil, namely, a Texas oil having a Sayboli
viscosity of 184 at 100° . The mixture contain-
ing 857 pounds of the reaction product and
858.7 pounds of mineval oll was stirred in an open
iron vessel and 7.1 pounds of hydrated lime
added. This mizture was sgiteted and hested
to 356° ¥. for 3 houts. The solution of improve-
ment agent in oil so obtained was then admixed
with o flter 2id and fltered. The filtrate had
the following identifying properties:

Craviby m e e CA. P, I_. 148
Sp. gr., 80°/60° B e $.8665
Viscosity, 8. U. V.:
100° B e 567
210 B e 57.0
POUT - ceemeeem e °F__ —30
Color, W, P. A 35
SWFUY, B oo —cie-PEr CERb_ 0.27
Chlorine, Carius_; . do 5.17
Phosphorus, Carius_ae....———- 4o 3.44
" Carbon 1eSiGUe oo do.__. 6.11
@0 6.13

Ash as sulfate

It is an excelient improvement agent for lubri-

cating oils; it being 2 concentrated solution of
the. effective agent in oil. ]

By sdding varying proportions of this con-
cenirate to commercial lubricating oils, a large
range of improved lubricants is readily obtained.

Ezxamp e Il—A metallo-derivative containing

- nickel in lieu of calcium may be prepared by sub-

stituiing a molecular equivalent proportion of
nickel carbonate for the hydrated calcium lime
in the above example.

New improvement agents or - concentrates
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" ‘thereof containing other: divalent metal salts or

derivatives can be prepared in & similar manner .

by selecting. & suitable reactive- divalent metal
compound for reaction with the alkylated phenol
esters 'of the phosphoric: acids.
salts of these esters are ‘effective improvement
agents. . In general, polyvalent metal derivatives
of the alkylated phenyl esters of the phosphorus

. acids prepared: by the methods described ante,

. are useful and-advantageous improvement agents
for lubricating oils.

A series of lubricating cil compos’tlons was pre-

. 'pared by dissolving in a straight engine oil var-
“jous quantities of the improvement agents of the
present invention. ' These compositions were sui-

- mitted ‘to various tests and all of them gave im-
proved lubricating qualities; : Typical composi-
tions and their preparation are illustrated. in: the
following examples:

‘Exzample IIT-—An improved lubricating oil was
prepared by dissolving 2.0 per cent of the prep-
aration 'of Example Iin a high grade lubricating

*.oil for use in: Diesel engines. :

The: improved composition: contaming thlS cal-

cium -derjvative gave superior Iubncatxon m sueh
‘engines under service. conditions.:

Ezample IV -—<-An improved lubricating oil was

prepared by dissolving 3.0 per cent of the prep-

: aration of Example II in & high grade lubricat-

ing oil for use in Diesel engines.

This: composition: containing the mckel denv-
ative also gave improved lubrication in the Diesel
engine under service conditions.

The viscosities and their conventional 1dent1fy-

ing. characters of these improved compositions,
together with those of the base oﬂ were: as fol-
lows

Improved lubricant '
Base T
oil
Example | Example
1o v
Gravity ... .o..........%A 28.5 26.3
Viscosity, S
100 1,761 1, 764
210° F._ 117.4 115.8
Viscosity index_ 91 89
lash, O 510 495
Fire, OC..__. 585 590
Pour..____.__... _°F__ 0 +5
Color, N. P. A ... 3 5.5 7.5
Swlfur, B._____. percent I I 0.38 0.23
Carbon residue. .do._._| 0.40 0.43 0. 55
Ash assulfate. __._______ dooofeee oo 024 0.388
Copper strip test, 212° F., 3 s - O] [0} O]

1 Passes,

In order to evaluate their tendency to cause
ring sticking in engines, these compositions were
subjected to a motor service test in the labora-
tory, using a standard Waukesha-CFR crankcase
with special L head type cylinder block, coupled
to a cradle-type electric dynamometer. This
engine has a bore of 3/u inch, a stroke of 4%
inches, and a compression ratio of 4.7:1. The
piston is of cast iron with four compression rings
and one oil-control ring, all located above the
wrist. pin. Three liters of the oil to be tested
are placed in the crankcase. The engine is then
run at 900 R. P. M. with the spark and the air-
fuel ratio adjusted to give maximum power, and
the coolant temperature is maintained at 350°
"F. At the end of 25 hours running, the engine
is stopped and dismantled and the piston is ex-
amined. The performance of the oil is then
rated according to the condition of the piston,
in keeping with the following scale, in which the

For instance, tin .
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rating number increases: as the P’ston condition
becomes worse:
; Ratmgs :
No 1—No ring stick, and nc heavy hard deposit,
2-—Top or oil ring (or both) :stuck ona small
part of circumference,
$-—Top or oil ring (or both) completely stuck,
4—Top or o6il ring (or both) completely stuck
and ring partly stuck.: :
5—Top, 2nd and woil rings completely stuck.
‘6—Condition: No. 5: with. 3rd: and 4th rmgs
partly stuck.

In the above test the rating of the several com-

‘positions were as follows:
Composition
Improved dil :
Baxe
oil
Ex. 111 Ex, IV
RAUOE NOLo o ooeoeson oo e 1 1 Lz

These .compositions were also'subjected toithe -
well known Almen and: Timken lubru,atmg test

' ‘with the following results
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Comiposition

: ¢ Improved oit
Base :
oil
1000 ExcHI | ExC IV
Almen test_. . pounds. [i] P18 14
Timken test... dooi- 14, 44 52

Similar improved results are obtained with lu-
bricating oils containing small amounts of other
metal salts of these esters of alkylated phenols.

While the improvement agent of the present
invention has been described in reference to com-
pounding engine Iubricating oils for the primary
purpose of preventing ring sticking, its field of
usefulness is not confined to that application. It
can be used in oils wherever its properties may
be desired. Sometimes it is used for its disper-
sive powers on other agents, when its own anti-
oxidant and detergent properties are not needed.

That is, another important advantage of the
agents of the present invention is that.in addi-
tion to being highly soluble in oils themselves,
they are effective to disperse in mineral oils cer-
tain soaps which are of themselves difficultly sol-:
uble, for example, calcium oleate or aluminum
stearate. Again, sulfurized sperm oil soap is a
desirable addition agent to oils, but its low solu-
bility prevents incorporation of more than a rath-
er small quantity in paraffin base oils. By the
present invention 1 per cent or more of such soap
can be dispersed in oil, to form a stable disper-
sion by including an equal amount of the new
improvement agents of this invention. Thus in
the practice of the present invention, our new
agents may be used in conjunction with other
previously known addition agents, in compound-
ing lubricating oils to improve their properties.
Thus in the practice of the present invention,
various embodiments thereof may be employed
in addition to the illustrative embodiments shown
ante. .

What we claim is:

1. A process of preparing an improvement
agent for lubricating oils, from alkylated phenols -
containing at least one branched chain alkyl
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group, which comprises heating 100 parts of said
alkylated phenols with 10 to 25 parts of phos-

phorous oxychloride and 1 to 5 parts of phos-

phorus sesquisulfide, by weight, at temperatures
between 280 and 550° F. until substantially all of

the phosphorus oxychloride and phosphorus ses--

gquisulfide have reacted and acid reaction prod-
uces thereof are obtained, and converting the
acid reaction products so obtained into stable,
substantially neutral metal derivatives thereof
by further heating said acid reaction products
with a reactive metal compound of a class con-
sisting of the oxides and hydroxides of a poly-
valent metal, the amount of said reactive poly-
valent metal compound being sufiicient to neu-
tralize the acidity of said reaction products, and
the mixture being heated to temperatures be-
tween 220 and 400° F. until stable, substantially
neutral, metal derivatives thereof are obtained,
and separating the unreacted metal oxides and
hydroxides and other insoluble compounds from

5
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the nil-soluble improvement agent so obtained. .

2. The method of claim 1 wherein said reac-
tive metal compound is lime.

*3. The method of claim 1 wherein said reactive
metal compound is a divalent metal compound.

4. The method of claim 1 wherein the alkylat-
ed phenols employed as the starting material
are phenol-olefin reaction products comprising
a mixture of alkylated phenols containing sec-
ondary and tertiary alkyl groups.

5. The method of claim 1 wherein the said acid
reaction products of the alkylated phenols are
-heated with the said polyvalent metal compounds
in proportions of 5 to 25 parts of the reactive
metal compound per 100 parts of said acid reac-
tion products. :

6. The method of claim 1 wherein said acid

reaction products are diluted with mineral oil.

prior to the treatment with the said polyvalent
metal compounds, and wherein the oil solution
of stable, substantially neutral oil soluble metallo
compounds so obtained is filtered to remove un-
reacted metal oxides and hydroxides and other
insoluble compounds.

7. A process of preparing an improvement agent
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for lubricating oils, from alkylated phenols con-
taining at least one branched chain alkyl group
which comprises heating 100 parts of said al-
kylated phenols with 10 to 25 parts of phosphorus
oxychloride and 1 to 5 parts of phosphorus ses-
quisulfide, by ‘weight, at temperatures between
280 and 550° F. until substantially all of the phos-
phorus oxychloride and phosphorus sesquisulfide
have reacted and acid reaction products thereof
are obtained, diluting the acid reaction product .
so obtained with mineral oil, adding to the so
fluxed acid reaction products a reactive metal
compound of the class consisting of the oxides
and hydroxides of a polyvalent metal in pro-
portions of 5 to 25 parts of said reactive metal
compound per 100 parts of said acid reaction
products, further heating the mixture to temper-
atures between 220 and 400° F. until stable, sub~
stantially neutral, oil-soluble metallo derivatives
thereof are formed in situ in the mineral oil, and
filtering the oil concentrate of the improvement

_agent so obtained to remove unreacted metal

oxides and hydroxides and other compounds in-
soluble in the oil.

8. An improvement agent soluble in petroleum
oil and capable of inhibiting formation of gum,
varnish, and sludge in engines, comprising the
stable, oil-soluble, substantially neutral metallo
compounds obtained by the process of claim 1.

9. An improved lubricating composition com-
prising a major amount of a mineral lubricating
oil and & small proportion of the stable, oil-sol-
uble, substantially neutral metallo compounds ob-
tained by the process of claim 1, the amount
of said oil-soluble improvement agent being suffi-
cient to inhibit the formation and deposition of
gum, varnish and sludge in engines and to dis-
perse such deposits when present.

10. An improvement agent, for lubricating oils,
comprising the stable, substantially neutral prod-
uct of the process of claim 7, said product being
readily soluble in petroleum oils and capable of
inhibiting formation of gum, varnish and sludge

in engines. s
HERSCHEL G. SMITH.
TROY L. CANTRELL,




