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This invention relates to mineral oil composi-
tions and methods of suppressing foaming in oils.

n lubricating machinery with oils, and in han-
dling oils as by pumping, conditions are often such
that the oil is subjected to violent agitation in
the presence of &ir; conditions such as to produce
foam or froth. In some cases foaming or froth-

ing is quite objectionable. For example, in Tubri-

cating automobile gearing (in the gear box, and
rear axle) foaming produced by the churning of
the gears gives rise to excessive leakage and loss
of lubriceunt past retainer rings, ete. Moreover,
foaming seriously interferes with the proper
functioning of the oil, Automobile gears such as

-~those usedin transmission and differential gear

assemblies often operate at very high speeds, as
well as under high tooth pressures; therefore they
require a very good lubricant to prevent or re-
tard excessive wear due to metal-to-metal con-
tact, and fcaming is undesirable. The lubri-
cants emploved are viscous oils, often containing
a so-called extreme pressure agent to assist in
maintaining an oil film between the teeth; sul-
furized sperm oil being especially good. If the
jubricant contains air dispersed through it, it
lacks proper film forming properties. Moreover
foaming oil is much less effective to conduct heat
away from the working zone. These difficulties
are often aggravated by the fact that some ex-
treme pressure agents present in the oil actually
increase the foaming characteristics of the oil
composition.

Foamine is also objectionable in other situa-
tions: for example, during the pumping of oils,
and in compounding oils with extreme pressure
agents and cther additives—in operation involv-
ing thorough sgitation. Nearly all petroleum oils
foam to some extent under violent agitation. The
more viscous the oil the greater the amount of
foam and the longer it persists after agitation is
stopped.

Among the objects of our invention are the pro-
vision of & method whereby foaming or frothing
of oils ns described is suppressed; and the pro-
vision of gear lubricants and other lubricating
compositions which are characterized by freedom
from tendency to foam or froth even under se-
vere conditions. -

We have discovered that foaming of petroleum
oils, even under the most violent conditions de-
seribed, can be suppressed or prevented by incor-

. porating in the mineral oil a small proportion of

certain amine salts of isoamyloctyl phosphate
having the following formula: )
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wherein R represents a substituent selected from
the class consisting of methyl and ethyl groups
and hydrogen.

For example, a small proportion of dimethyl-
aniline isoamyl octyl phosphate having an ad-

-justed acidity - equivalent-to a-pH value- within

the range pH 2 to 4 is most effective. Likewise,
the diethylaniline and aniline salts of isoamyl
octyl phosphate, respectively, are also excellent
foam inhibitors,

In general, dissolving almost any additive in
oil has a tendency to increase foaming more or
less. Our new agents or compounds are remark-
able in that they suppress foaming, even when
present in small amounts, say 0.01 to 1.0 per cent
by weight of the composition. They have no del-
eterious effect on the lubricant properties or other
properties of the oil.

Our agents can be incorporated in all sorts of
oils, to achieve the stated results.. One particu-
larly advantageous field of use is in gear lubri-
cants for automobiles and the like, As stated,
these lubricants are viscous and they contain
extreme pressure agents or other additives; both
of which facts make for heavy foaming. By dis-
solving a fraction of a per cent of our agent
foaming is prevented. For example, such a gear
Jubricant, within the purview of our invention,
has the following compositions (per cent by
weight) :

Refined high-viscosity,
oil - —
Refined sulfurized sperm oil .
Dimethylaniline iscamy! octyl phos-

phate - e 0.01to 1.0

Another field of use is in light (low viscosity)
oils used in so-called fluid drives or in hydraulic
drives, With these light oils (which are often
of viscosity as low as SAE 10 grade) agitation
may produce considerable foam, even though the
foam subsides very quickly on ceasing agita-
tion. Our new agents are also useful in cutting
oils and indeed in any oil or oily composition,
whether used as a lubricant or not, in which it
is desired to prevent foaming.

Iubricating
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In preparing our new agents, the selected amine
is reacted with iscamyl octyl acid ortho-phos-
phate to obtain the desired amine salt thereof;
the pH of the reaction mixture being adjusted to
within the range 2.0 to 5.5 in so preparing and
recovering the amine salt. For example, di-
methylaniline is brought into reaction with iso-
amyl octyl acid ortho-phosphate, and the pH of
the reaction mixture is adjusted to within the
range 2 to 4. With the theoretical molecular
ratio of the two reactants, 1:1, the product is apt
to be slightly too acid, with a pH below 2, and
this is taken care of by using a slight excess of the
dimethylaniline so that the molecular ratio is
between 1:1 and 1:1.1. The reaction product is
an oil-soluble, oily liquid and dissolving it in oils
or oil compositions is very simple. Likewise, the
amine salts obtained by reacting isoamyl octyl
acid ortho-phosphate with aniline and diethyl-
aniline, respectively, are oily liquids. They too
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readily dissolve in oils and oil compositions and -

can be easily incorporated and blended with min-
eral lubricating oils and lubricant compositions.
The proportion of the agent to be dissolved
in the oil or oil base depends on the viscosity of
the oil, its ingredients, and the severity of the
conditions of use. Ordinarily 0.01 to 1.0 per cent
of the agent is employed; these amine isoamyl
octyl phosphates being very effective agents for
the present purposes. . .
Isoamyl octyl orthophosphate, is a brown, oily
liquid, its specific gravity is 1.009 at 24°/4° C.,
and its viscosity 210, 75 and 29 centipoises at 25,
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to 3.0. The reaction product was an oily sub-
stance, readily soluble in mineral oils and having
the following properties:

Gravity, ° API
Specific gravity, 60°/60° Fo -
Viscosity, SUV 100° F_ e
Pour, °F

As the dimethylaniline isoamyl octyl phosphate
is substantially insoluble in water, the pH equiv-
alent is measured by the following expedient.
Normal butanol (which contains a small amount
of water) is adjusted to exact neutrality, pH 7.0,
and the sample is dissolved therein. The pH of
the solution is then measured in the ordinary way
as for aqueous solutions, by electrometric or col-
orimetric methods. The butanol appears to serve
as a blending agent, for dissolving the sample in
the water, so to speak.

Tt will be noted that the measured pH of the
aminophosphate is low despite the fact that a
slight excess of amine is present. This is because
the reaction involves neutralizing a rather strong
acid with a very weak base. :

Moreover, traces of mono-, di- and tribasic

“acids may be formed under the conditions of the

30

50- and 75° C. respectively.. It is insoluble in -

water and soluble in mineral oils to the extent of
11.70 parts in 100 parts of oil at 20° C. The or-
thophosphate decomposes at 302 to 311° F. It
has the structural formula:

H OB H (‘Jsz
Dimethylaniline is a yellow or brown liquid, of
specific gravity 0.962 at 15° C., having a melting
point of 1.67° C. (29° F.) and a boiling point
192,5-193.5° C. (379-380° F.) and is soluble in al-
cohol and ether. It has a molecular weight of
121.09 and has the following formula:
I\/CH
o
CH

3

Our preparation, the reaction product of the
above, has the probable formula:

CHs

The following example illustrates one advan-
tageous way of preparing our foam suppressor: '

Ezample I—One hundred and twenty-onhe
pounds of dimethylaniline were added o an iron
vessel equipped with an air lance and 281 pounds
of isoamyl octyl ortho-phosphate were intro-
duced over a period of one hour; the slow rate
of addition being desirable to maintain the tem-
perature of the reaction mixture below 185° F.
At the conclusion of this reaction, the tempera-
ture wags 180° F., and the pH of the mixture was
2.0. A pH of 3.0 was desired; 12.0 pounds of di-
methylaniline were added, which brought the pH
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pH determination. At any rate, the results are
as stated.

The following example illustrates the prepara-
tion of a gear lubricant in accordance with the
invention.

Example II—A highly viscous, highly refined
Pennsylvania oil was selected as the base, and in
it was dissolved 0.04 per cent of the oily reaction
product of Example I. As shown in the following"
table the change in viscosity and in color by in-
corporation of the agent was negligible.

Straight oil | Improved oil

Gravity, 2APY____ .-
Viscosity, SUV:
100° F.

T2 F_
Color, NPA_.

. 2.6

“1.918
141.7
4.75

To evaluate the foaming properties of the
straight oil and the improved oil, samples (500
¢c.) of the two oils were subjected to foam test
No. 1 (described below). The results were as fol-
lows: i

: Straight | Improved
Composition oil il

End of stirring (15 minutes):
Temperature, °F
Oil408I1, CCcm oo ooimaaccammaaae
Ratio of volume of oil+oam to the
volume of the originaloil._.._.....—-
After 1 br, standing;
Temperature, °F . c-cooooomaeanan
0Oil+4foam, ce. .
Ratio of volume of oil-}-foam to the volume
of the original oil
Nature of 0810 mmccmecacmamrmmame e man

83
540

108

77
500

1.0
No foam

84
1,740
3.48

77
660

1.32
Fine |

T will be observed that the straight oil devel-
oped twice its volume of foam under the condi-
tions of the test and that an appreciable volume
of foam remained even after an hour’s standing;

 while the improved oil developed only a negligible
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amount of foam, which was all gone at the end
of an hour.

Decreasing the percentage to 0.01 still leaves
the oil much less susceptible to foaming than
the straight oil.

The foam suppressor as stated can be added
to compounded lubricants to prevent foaming
thereof. It is compatible with most of the other
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types of improvement agenis now employed and
the amount required to prevent foaming in such
compounded lubricants is relatively small and
does not deleteriously affect the other properties
of compounded lubricants. This is an important
part of the invention, as certain of the agents
employed to impart particular properties to
lubricating oils have been found also to promote
the foaming of the oil composition when agi-
tated. By adding even traces of the present
foam suppressor, such compounded lubricants
become very resistant to foaming, even under
drastic service conditions.

In making up compounded lubricants of this
type it is advantageous to dissolve the amino-
phosphate in the oil first, as thereby foaming is
prevented during the step of mixing’ in the ex-
treme pressure agent or other additive. But so
far as performance of the lubricant in service
is concerned, the order of addition makes no
difference.

The following example illustrates the proper-
ties of an extreme pressure gear Ilubricant pre-
pared in accordance with the invention.

Exzample III.—A conventional gear lubricant
contains 62.5 per cent by volume of a highly
refined, viscous Pennsylvania oil and 7.5 per cent
of refined sulfurized sperm oil (Smith & Cantrell
Patent 2,179,064). A similar lubricant prepared
-according to the invention cortains these oils in
proportions 92.46 and 7.5 per cent respectively
.and 0.04 per cent of the product of Example I.

The viscasity of the conventional lubricant
wag 1918 SUV at 100° F., 767 at 130° F,, and

1417 at 210° ¥. The viscosity of -the fmproved 3

lubricant was only negligibly different from this,
and the same was true of the othier character-
istics—gravity, viscosity, index, flash and fire
tests, pour test, color, sulfur, copper strip tests,
centrifuge test (for gravity-separable matter),
and carbon residue. The neutralizatton of the
new lubricant was 0.56 against 0.50 for the old.
The surface tenslons were nearly identical. The
‘Almen and Timken tests, indicative of the lubri-
cating value of. the oll, as secured on the com-
. pounded oil before the addition of the foam sup-
pressing agent, were the same as the corréspond-
ing tests made after the addition of the indi-
cated amount of this foam suppressor.

Tn other words, the characteristics of the two
lubricants were practically the same, except for
the foaming properties. The following are com-
parable tests (the nature of which i$ described
in detail below) on these properties. The sami-
ples were 500 cc. each, the speed of the agita-
tors 550 R. P. M. and the intial temperature
T° F.

Foam tests
0ld lub- I .
ricant New lubricant
After stirring for...._ 44 hr.
Temperature, °F 83.
0il4foam, ce.. .. 580.
Vol. of oil-+foam - 118
Vol ofoll  ~ " TTTTTTTTTT e
After standing 1 hr. after stirring
stopped: :
Temperature, °F .. ...o.ooooooone VX prr— [y P 77
gill—&—f?ax;lx:*gc _____________________ 660. - 500...--- 540.
ol. of oil+foam
el ofol -~ T 132 1.00. -2 1.08.
Nature of 1088 - o comemom e e- A Coarse-.! None

To evaluate the foaming tendency of petro-
leum oils and compositions a test was devlsed
which affords an exceptionally accurate indica-
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tion of the comparative foaming tendencies. A
sample of oil is subjected to very drastic foam-
ing conditions under a standardized procedure
which makes it possible to determine guantita-
tively the tendeney of the oil to foam and the
stability or permanency of the foam produced.
In general it resembles a somewhat similar test-
ing method employed by the General Motors Cor-
poration for determining the foaming tendencies
of gearing Ilubricants, but has been modified in
the direction of greater accuracy and in order
to make it possible to record more comprehensi-
ble test data.

Foaming test (No. 1)

An agitating means is provided which is an
adaptation of an ordinary commercial motor-
driven nousehold mixer—a “Sunbeam Mixmas-
ter,” Model 1, manufactured by the Flexible
Shaft Company, Chicage, Ill. The device em-
pleyed in the test is the usual household model
with two slight changes: the turntable of the
usual houseliold mixer is replaced by a rigid plat-
form, and a cylindrical brass container having
an inside diameter of 7 inches and an inside
height of 4 inches is substituted for the usual
household glass mixing bowl. The container is
fitted with o gage for measuring the depth of oil
or oil and fosm therein before and after agita-
tion. :

The agitator device itseif comprises a pair of
motor driven beaters which are of the convex
outside surfzce type as described In U. S. Pat-
ent 2,161,881, each beater having a pair of blades
of . the type indicated and being so positioned
with respect to each other that the two pairs
of beater elements are at right angles and ro-
tate in opposite. directions in closely spaced,
overlgpping paths. In operating position, the
beaters are perpendicular to the base of the

. mixer, as shown in Patent 2,161,881. In the pres-
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ent test they are cenfered in the container and
the bottom of the beaters is spaced approxi-
mately ¥ inch from the bottom of the pan when
the latter is positioned on the rigid platform.
With 500 cc. of oil in the. container, the beaters
are submerged in the initial: oil sample only to
a depth of 34 of one inch. The beaters are ro-
tated at a speed of 550 R. P. M. controlied within
+10 R. P. M.

A mieasured sample of 500 cc. (£5 cc.) of oil =
is introduced Into the container, the tempera-
ture of the sample is brought to 77° F. and the
container is then placed in position and the
beater elements lowered into operating position.

The motor is started and adjusted to the speed
indicated above. The beaters agitate the oil and
beat air into the sample. Agitation is continued
for exactly 15 minutes.

The motor is now stopped, the beaters are re-
moved from the oil, and any oil or foam ad-
hering to the beaters is permitted to drain into
the container, which takes one or two minutes.
The foam level is then immediately determined,
and the temperature of the sample is measured.
Tt is then possible to calculate the ratio of the
volume of oil and foam to the volume of the
original oil, with correction for any temperature
changes. :

o The container is removed and allowed to stand

quiet for one hour (measured from the time the
stirring is stopped). The volume and tempera-
ture measurements are. taken again, and serve
to indicate stability or permanence of the foam

78 produced.
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The test procedure may of course be varied, as
for example by changing the size of the sample,
the speed of agitation or the time of agitation,
or by taking the final measurements at an
earlier or later period. However, in the test re-
ferred to in the specific example above the pro-
cedure was precisely as indicated.

Test No. 2 is the same as test No. 1 except
that agitation is continued for 44 hours instead
of 15 minutes. (Longer periods of agitation
may be employed if a still more drastic test is
required.)

In some very low viscosity oils considerable
foam may develop during agitation, which dis-
appears very quickly when agitation is stopped.
These conditions are found, for example, in
marine turbine lubrication systems (which use
light oils) at the point where returned oil is dis-
charged violently into a reservoir. To evaluate
foaming in such cases there is employed a third
test No. 3, similar in all respect to test No. 1
except that the measurements of oil and foam
are made while the motor is still running. The
following example shows how a turbine oil treated
according -to the invention behaves under such
conditions.

Ezample IV.—A highly refined Pennsylvania
turbine oil was subjected to test No. 3. After
15 minutes agitation the oil plus foam measured

800 cc. as compared with 500 cc. for the original 3

oil. -
The same oil after treating with 0.01 per cent
of dimethylaniline isoamyl octyl phosphate
tested only 540 cc. for the oil plus foam.

In the foregoing examples, we have illustrated :

certain embodiments of our invention employing
dimethylaniline isoamyl octyl phosphate which
is an excellent and advantageous agent for the
purposes of this invention. However, as de-
scribed ante, we may also employ with advan-
tage other amine salts of iscamyl octyl phosphate
_prepared by reacting the acid phosphate ester
with aniline and diethylaniline respectively.
Both of these amines are well known compounds
and are commercially available and can be read-
ily converted into agents suitable for the present
purposes.

Por instance, diethylaniline is a colorless to
yellow liquid. It has a melting point of —34.5°
C. and a boiling point of 213.5° C. It is soluble
in alcohol, ether, chloroform and insoluble in
water. If has a molecular weight of 149.13 and
has the following formula:

Fr Y1
=
H H H H

The reaction product of this amine with isoamyl
octyl acid ortho-phosphate has the  following
probable formula:
H:C H I]I (I? Ii:[ (‘JAHa
H——C—C—(IJ—-O—F—O—('}—(IJ—H
HsC H H O/H H CiHs
CHs—CHr—Iﬁ—-CH:—CHa

The above compound is an excellent agent for
the present purposes.

10

15

20

26

40

45

50

55

60

(1]

78

2,397,377

Another effective agent is the amine salt pre-
pared from aniline.” This amine, also known as
phenylamine, is a colorless to yellow liqud having
a boiling point of 184.4° C." It is soluble in alco-
hol and ether and slightly soluble in water. It
has a molecular weight of 93.12 and has the fol-
lowing formula:

H—II\‘—H

The reaction product of this amine with iso-
amyl octyl acid ortho-phosphate has the prob-
able formula:

H:C H H o] C.Hs

f—&b—bo-bob-bu

H;(IJ ﬁ 1'1 é H Ili (|3:H5
H—ll}I—H

The above amine salt is readily soluble in oils
and is another excellent agent for the present
purposes.

The two amine salts described above may be
used in lieu of the dimethylamine isoamyl octyl
phosphate in the examples given ante, Addi-

‘tional. embodiments of our invention are further

illustrated in the examples given post which illus-
trate other advantageous ways of practicing our
invention.

Ezxample V.—One hundred and forty-nine
pounds of diethylaniline were added to an iron
vessel equipped with an air lance, and 281 pounds
of isoamyl octyl ortho-phosphate were introduced
over a period of one hour; the slow rate of ad-
dition being desirable. to maintain the temper-
ature of the reaction mixture below 185° F. At
the conclusion of this reaction, the temperature
was 180° F. and the pH of the mixture was 2.0
A pH of 3.5 was desired; a further 15 pounds of
diethylaniline were added, which brought the pH
to 3.5. The reaction product was an oily hquld i
It was readily soluble in mineral oils.

As the diethylaniline isoamyl octyl phosphate
is substantially insoluble in water, the pH equiv-
alent is measured by the following expedient de-
scribed ante in Example I, Here again, the meas-
ured pH of the aminophosphate is low despite the
fact that a slight excess of amine is present.

The following example illustrates the prepa-
ration of a gear lubricant in accordance with our
invention using the aminophosphate obtained in
Example V.

Ezample VI—A highly viscous, highly refined
Pennsylvania oil was selected as the base, and in
it was dissolved 0.04 per cent of the oily reaction
product of Example V. As shown in the follow-
ing table the change in viscosity and in color by
incorporation of the agent was negligible.

Composition Straight oil | Improved oil

Gravity, °APL e 26.6 26.5
Viseosity, 8UV:

100° B oo 1,918 1, 805

210° B emmmememmmean 1417 142,3

Color, NPA 4,75 4,75
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To evaluate the foaming properties of the
straight oil and the improved oil, samples (500
cc) of the two oils were subjected to foam test
No. 1 (described ante), The results were as fol-

lows: :
Composition Stralght oil | Improved oil
At end of stirring:
Temperature, °F . cocooaeaen 84 84 1)
Volume of oil and foam, ¢C....—- 1,740 540
RatioV e oo meem 3.48 1.08
After 1 hr. standing:
Temperature, °F oo cacuccaceenane 77 77
Volume of oil and foam, ¢C. ... 660 500
Ratio? 1.32 LO
Nature of f08m e v criaam e Fine No foam
volume of oil and foam

! Ratio of volume of original oil
Tt will be observed that the straight oil devel--

oped twice its volume of foam under the condi- 98

tions of the test and that an appreciable volume
of foam remained even after an hout’s standing;
while the improved oil developed only a negligi-
ble amount of foam, which was all gone at the
end of an hour.

Decreasing the percentage to 0.01 still leaves 25

the oil much less susceptible to fodming than the
straight oil.

PFurther, this foam suppressor can also be add-
ed to compounded lubricants to prevent foam-

ing thereof. It was compatible with most of the 50-

other types of improvement agents now employed
and the amount required to prevent foaming in
such compounded lubricants is relatively smalil

and does not deleteriously affect the other prop=- g5

erties of compounded lubricant. By adding even
traces of diethylaniline isoamyl octyl phosphate,
such compounded lubricants become very resist-
ant to foaming even under drastic service condi-
tions, :

The following example illustrates the proper-
ties of one such extreme pressure gear lubrieant.
prepared in accordance with our invention.

. Exzample VII—A modern gear lubricant con-
tains 92.5 per cent by volume of a highly refined,
viscous Pennsylvania. oil and 7.5 per cent of re~
fined monoester of a sulfurized fatty acid. A
similar lubricant prepared sccording to the in~
vention contains these oils in proportions 92.46
and 7.5 per cent respectively and 0.04 per cent of
the product of Example V.
modern gear lubricant was 1920 SUV at 100° F.,
768 at 130° F. and 141.8 at 210° F. The viscosity
of the improved lubricant was only negligibly
different from this, and the same was true of the
other characteristic—gravity, viscosity index,
flash and fire tests, pour test, color, sulfur, copper
strip tests, centrifuge test (for gravity-separable
matter), and carbon residue. The neutralization
number of the new lubricant was 0.56 against
0.50 for the old. The surface tensions were near-
1y identieal. TFhe Almen and Timken tests, in-
dicative of the lubricating value of the oil, as se-
cured on the compounded oil before the addition
of the foam suppressing agent, were the same as

the corresponding tests made after the addition 65

of the indicated amount of this foam suppressor.

In other words, the characteristics of the two
jubricants were practically the same, except for’
the foaming properties. The following are com-
parable tests (the nature of which is describe
in detail ante; see foaming test No. 1) on these
properties, The samples were 500 cc. each, the
speed of the agitators 550 R. P. M. and the ini-
tial temperature T7° ¥, C

-
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The viscosity of the 58
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sample in water, so to speak.

60-

d 70
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Foam ftests
0ld lu- "
bricant New lubricant
After stirring for— . oocmmmeeeeee 16 min_.| 15 min__] 44 hr.
Temperature, °F.___ o 84 83 83,
%ill-i-i?m‘;llzl_cfc _____________________ 1,740-__.| 540---.. &90.
ol. of oil-4foam
——W - s 3 .48 ..... 1.08 -] 1-18.
After standing 1 br. after stirring
stopped
Temperature, °F ... ... b i iy AU 7.
3ﬂ]—i—i?m}%,+t;t‘ . 660. 500. 540,
ol. of oil{-foam
VoL ofoll -~ 132 1.00.. ... 1.08.
Nature of foam Cosrse..| None.._.

The above tests and date clearly show the su-
periority of our new lubricant containing di-
ethylaniline isoamyl octyl phosphate.

The following example shows how a turbine oil
can be improved according to our inventiom:

- Example VIII.—A highly refined Pennsylvania
turbine oil was subjected to test No. 3. After 15
minutes’ agitation the oil plus foam measured 800
cc. as compared with 500 cc. for the original oil.

The same oil after treating with 0.01 per cent
of diethylaniline isodinyl octyl phosphdte tested
orily 540 cc. for the oil plus foam.

The following example illustrates one advan-
tageous way of preparing ancther of our foam
suppressors, namely, aniline isoanyl octyl phos-
phate: .- '

Example I1X.—Ninety-thrée potitids of aniline
were added to an iron vessel equipped with an
air-lance and 281 pounds of isoamyl octyl ortho
phosphate were introduced over a period of one
hour; the slow rate of addition being desirable
to maintain the temperature of the reactiont mix-
ture below 212° F. At the conclusion of this
reaction, the temperature was 180° F, and the
pH of the mixture was 2.0. A pH of 3.5 was de-
sired; a further 9 pounds of aniline were added,
which brought the pH to 3.5. The reaction prod-
uct was an oily liquid. "It ‘was reddily soluble in

-5 mineral oils.

As the aniline isoamyl octyl phosphate is sub-
stantially insoluble in water, the pH equivalent
is measured by the following expedient. Normal
putancl (which contains & small amount of
water) is adiusted to exact neutrality, pH=T.0,
and the sample is dissolved therein. The pH of
the solution is then measured in the ordinary
way as for aqueous solutions, by electrometric or
colorimetrié¢ methods. The butahol appears fo
serve as a blending agent for dissolving the

Tt will be noted that the measured pH of this
aminophosphate is Iow despite the fact that a
slight excess of amine is present. This is because
the reaction involves neutralizing a rather strong
acid with a very weak base,

Moreover, traces of meano-, di and tribasic
acids may be formed under the conditions of the
pi determination. At any rate, the results are
as stated.

The following example illustrates the prepara-
tion of a gear lubricant in accordance with the
invention.:

Example X —A highly viscous, highly refined
Pennsylvania oil was selected as the base, and in
it was dissolved 0.04 per cent of the oily reaction
product of Example IX. As shown in the follow-
ing table the change in viscosity and in cotor by
incorporation of the agent was negligible,

- «?



Composition Straight oil | Improved oil

Gravity, CAPT i 26.6 26.5
Viseosity, SUV: -

100° F 1,918 1, 805

Q10° B oo eceeirec e 1417 142.3

Color, NPA 4,75 4,75
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In other words, the charactenstlcs of the two
lubricants were practically the same, except for
the foaming properties. The following are com-
parable tests (the nature of which is described
in detail ante; see Foaming test) on these prop-
erties. The samples were 500 cc. each, the speed
of the agitators 550 R. P. M. and the initial tem-
perature 77° F

To evaluate the foaming properties of the Foam tests
straight oil and the improved oil, samples (500 19
ce.) -of the two oils were subjected to foam test oldlub- | 1> b y
No: 1 (described ante). The results were as fol- brigant | oW tubricant
lows:
Afterstirringfor. oo oo oomommaa e 15min...{ 15min...| 44hr.
W Temperature, °F 84.. ... 83 e 83.
Composition Straight oil | Improvedoil 15 Oil4-foam, €C.cnmee oo 1,740_...} 640.._... 590.
Vol of oil4-foam
Vol of ol 3.48. .| 1.08.....| L.18
Atendof stirring 95 minutes): . Alter standing 1 br. after stirring
Temperature, °F.._ccoooaaooooooo 84 83 stop
Volume of oxl and foam, €G- .. 1,760 635 Temperature, L3 R L S ki (R 77,
Ratiot 3.52 1.07 Oil4£081M, CCmme o oooce e e 660__. - 500.-.oin 540.
After 1 br. standing: Vol. of oil4foam .
Temperature, °F o _ceeeonn 71 71 20 VoL ofod - 1.32___.. 1.00_. - 1.08.
Volume of oil and foem, cc.-———-- Lﬁgg gog Nature of f08I0 oo oo oo moceeemen Coarse..| None....
Nature of Igmm.._..__T ____________ Fine No foam .
The above tests and data clearly show the supe-~.
1 Ratio of - volume of oil and foam riority of our new lubricants contammg aniline

volume of original oil

It will be observed that the straight oil devel-
oped more than twice its volume of foam under
the conditions of the test and that an appreciable
voliime' of foam remained even after an hour’s
standing; while the improved oil developed only

a negligible amount of foam, which was all gone
at the end of an hour.

Decreasing the percentage of this agent to 0.01

still lea.ves the oil much less susceptible to foam-
" ing than the straight oil,

Likewise, this foam suppressor, namely, aniline
iscamyl octyl phosphate, can also be added to
compounded lubricants to prevent foaming
thereof. It is compatible with most of the other
types of improvement agents now employed and
the amount required to prevent foaming in such
compounded lubricant is relatively small and
does not deleteriously affect the other properties
of compounded lubricants. By adding even traces
of aniline isoamyl octyl phosphate, such com-
pounded lubricants become very resistant to
foammg even under drastic service conditions.

The following example illustrates the properties
of one such extreme pressure gear lubricant pre-
pared in accordance with our invention.

Example XI.—A modern gear lubricant con-
tains 92.5 per cent by volume of g highly refined,
viscous Pennsylvania oil and 7.5 per cent of re-
fined ‘monoester of a sulfurized fatty acid. A
similar lubricant prepared according to the in-
vention contains these oils in proportions 92.46
and 7.5 per cent, respectively, and 0.04 per cent
of the product of Example IX,

The viscosity of the modern gear lubricant
was 1918 SUV at 100° F., 768 at 130° F, and 141.8
at 210° F. The v1sc051ty of the improved lubri-
cant was only negligibly different from this, and
the same was true of the other characteristics—
gravity, viscosity index, flash and fire tests, pour
test, color, sulfur, copper sirip tests, centnfuge
test (for grav1ty-separable matter), and carbon
residue. ‘The neutralization number of the new
Jubricant was 0.56 against 0.50 for the old. The
surface tensions were nearly identical. The Al-
men and Timken tests, indicative of the lubri-
cating value of the oil, as secured on the com-
pound oil before the adchtxon of the foam sup-
pressing agent, were the same as the correspond-
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ing tests made after the addition of the-indicated -

amount of this foam suppressor
“ 3.

75

isoamyl octyl phosphate.

The following example shows how a turbme oil
can be improved according to our invention, using
aniline isoamyl octyl phosphate as the. 1mprove-
ment agent or foam suppressor.

Ezample XII.—A highly refined Pennsylvama.
turbine oil was. subjected  to test No. 3.  After:
15 minutes agitation the oil plus foam measured
800 cc. as compared with 500 cc. for. the origmal.
oil. .
The same 011 after t1ea.tmg w1th 0. 01 per cent
of the aniline isoamyl octyl phosphate tested only
540 ce. for the oil plus foam.

That is, as shown in.the above exa.mples, ani-
line isoamyl octyl phosphate is an effective foam
suppressor and is useful in many embodiments
of our invention. However, in the general prac-
tice of our invention it is advantageous to em-
ploy the foam suppressors prepared from isoamyl
octyl acid phosphate and the tertiary amines,
namely dimethyl or diethyl aniline. This advan-
tageous class of foam suppressors may be rep-
resented by the following generic formula: -

H:C H fll (I)I H (Ihﬁs
H— —(‘:—(I‘:—o—f’—o—l—c—n_ :
Hsé ﬁ o cl) H H CH;

wherein R’ represents a methyl or ethyl group.
This class of compounds is readily soluble in
mineral oils and lubricants and are exellent foam
suppressors. Their use in mineral lubricating oils
and compoundéd lubricants has been fully illus-
trated ante.

While our invention has been described above
with reference to various specific examples and
embodiments, it will be understood that the in-
vention is not limited to such illustrative exam-
ples and embodiments, but may be variously prac-
ticed within the scope of the claims herein made.

This application is a continuation-in-part of
our prior application Serial No. 421, 842, filed De-~
cember 5, 1941, The aromatic amine salts of iso-
amyl octyl orthophosphate herein disclosed are
new chemlcal compounds which are claimed per
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se in our continuing application, Serial No. 639,-
701, filed January 7, 1946.

What we claim is:

1. A mineral oil composition 1esxsta,nt to foam-
ing, comprising mineral oil and a small propor-
tion of dimethylaniline isoamyl octyl orthophos-
phate exhibiting a pH value between approxi-
mately 2 and 4.

2. The composition of claim 1 wherein the pro-
portion of said orthophosphate is between 0.01
and 1.0 per cent by weight of the composition.

3. A mineral oil resistant to foaming compris-
ing a small proportion of the reaction product
of dimethyl-aniline and isoamyl octyl orthophos-
phate, said reaction product being an oily oil-sol-
uble liquid and having an acidity equivalent to a

" pH value between 2 and 4.

4. A method of making mineral oil composi-
tions which are resistant to foaming, which com-~
prises incorporating in a mineral oil composition
a small proportion of dimethylaniline isoamyl
octyl phosphate, of pH value in the range 2
to 4.

5. A method of suppressing foaming of min-
eral oils and oil compositions which comprises in-
corporating and maintaining therein during use
a small proportion of dimethylaniline isoamyl
octyl phosphate of pH value in the range 2 to 4.

6. A mineral oil composition resistant to foam-
ing, comprising mineral oil and a small propor-
tion of an amine salt of 1soamy1 octyl phosphate
having the formula

wherein R represents a substituent selected from
the class consisting of methyl and ethyl groups
and hydrogen. :

7. The composition of claim 6 wherein the
proportion of said orthophosphate salt is between
0.01 and 1.0 per cent by weight of the composi-
tion.

8. The composition of claim 6 wherein said
amine sale is aniline isoamyl octyl phosphate.
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9. The composition of claim 6 wherein said
amine salt is diethylaniline isoamyl octyl phos-
phate.

10. The composition of claim 6 wherein said
amine salt is dimethylaniline isoamyl octyl phos-
phate.

11. A mineral oil composition resistant to
foaming, comprising mineral oil and a small pro-
portion of a dialkylaniline salt of 1soa.my1 octyl
phosphate having the formula:

HC H H 0 (oh:
('3 | I |
H— —l—c';—o—F—o—- —C—H
Hsé H H (l)/H 5:
R'—NZR

wherein R’ répresents a substituent selected from

- the class consisting of methyl and ethyl groups.
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12. A mineral oil resistant to foaming, com-
prising a small proportion of the reaction prod-
uct of diethylaniline and isoamyl octyl phosphate,
said reaction product being an oily liquid readily
soluble in oil and having an acidity equivalent to
a pH value between 2.0 and 5.5.

13. A mineral oil resistant to foaming, com-
prising g small proportion of the reaction product
of aniline and isoamyl octyl phosphate, said re-
action product being an oily liquid readily sol-
uble in oil and having an acidity equivalent to a
pH value between 2.0.and 5.5.

14. A mineral oil resistant to foaming, com-r

prising a small proportion of a reaction product
of isoamyl octyl orthophosphate and an amine
having the following formula:

R—N—R

wherein R represents a substituent selected from
the class consisting of methyl and ethyl groups
and hydrogen, said reaction product being an oily
liquid readily soluble in mineral oil.

HERSCHEL G. SMITH.
TROY L. CANTRELL,



