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This invention reiates to the prevention of 
foaming of hydrocarbon oils, particularly min 
eral oils and lubricants containing them. 
This application is a continuation-in-part of 

our co-pending application, Serial Number 
478,154, filed on March 5, 1943, for Prevention 
of foaming of hydrocarbon oils. 

Hydrocarbon oils and oil compositions contain 
ing them tend to foam or froth when agitated 
in the presence of gases or vapors, such as air, 
steam, oil vapor, products of combustion, and the 
like. The amount of foam or froth varies. With 
the onditions under which the oil compositions 
are agitated, as Well as the character of the con 
position. Under Some conditions, the volume of 
foam or froth produced is many times that of the 
Original Oil, and even With mild agitation, Sub 
stantial amounts of foam are produced in many 
oil compositions. In preparing and using such 
oils and oil compositions commercially, they are 
subjected to agitation under a wide range of 
conditions and frequently undesirable amounts 
of foam or froth are produced. 
Warious means of Combating such foaming of 

oils and oil compositions have been proposed. 
For instance, mechanical devices have been pro 
posed for destroying or breaking foam as it is 
formed. Usually such devices have been cumber 
Some or inefficient, or both, and they are not 
generally used commercially. Likewise, the in 
corporation of certain oil-soluble compounds in 
the oil has been proposed as a means for pre 
venting foaming; such compounds being called 
'anti-foam agents.' Unfortunately, no agent of 
this type has been found which is completely 
satisfactory in commercial practice; and their 
effectiveness sometimes diminishes rapidly in use 
or they must be added to the oil in Such amounts 
that the desirable properties of the oil are im 
paired, or they are objectionable for other rea 
SOS. 
Among the objects achieved by this invention 

is the provision of an improved method of pre 
venting foaming of hydrocarbon oils, particularly 
mineral oils and oil compositions containing 
them, in which the normal foaming tendency of 
the oil is effectively abated or Suppressed for long 
periods of use without deleteriously affecting the 
other properties of the oil. 
Another object achieved by the present inven 

tion is the provision of new and improved anti 
foam agents and compositions capable of abating 
and inhibiting foaming of hydrocarbon oils and 
oil compositions when dispersed therein in ni 
nute amountS. 
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A further object achieved by the present in 

wention is the provision of new and improved oil 
compositions, particularly improved mineral oils 
and lubricants, having marked resistance to 
foaming and other advantageous properties in 
cluding resistance to emulsification and contain 
ing minute amounts of an oil-insoluble anti 
foam agent finely dispersed therein. 
We have discovered that foaming of hydrocar 

bon oils, particularly mineral oils and composi 
tions containing them, can be effectively sup 
pressed or prevented without substantial modi 
fication of the desirable properties of Such oils 
by forming in the oil a stable, fine dispersion of 
a small amount of a substantially oil-insoluble 
liquid condensation product of an organo-silicon 
oxide compound having a low interfacial tension 
toward the oil. We have found that hydrocarbon 
oil compositions containing Such liquid organo 
Silicon oxide condensation products as a stable, 
finely dispersed phase are markedly resistant to 
foaming even under the most violent conditions 
encountered in commercial practice. The pres 
ence of the finely dispersed insoluble liquid phase 
in the oil apparently causes the films of the oil 
foam to rupture, thereby quickly destroying the 
foam. In fact, in most cases, its presence so 
rapidly breaks the oil foam that substantially 
all foam is destroyed as fast as it is formed. 
In the practice of this invention, various oil 

insoluble liquid Organo-silicon oxide condensa 
tion products having a low interfacial tension 
toward Oil and capable of being stably and finely 
dispersed in the oil may be employed as anti 
foam agents. These oil-insoluble liquid organo 
silicon oxide condensation or polymerization 
products poSSess the property of a low interfacial 
tension toward hydrocarbon Oils in marked de 
gree, and are particularly advantageous for the 
purpose of our invention because they are capable 
of being stably and finely dispersed in such oils. 
The interfacial tension of Such liquid organo 
Silicon oxide condensation products toward hy 
drocarbon oils can be measured on a special type 
DuNouy tensionetter. The condensation products 
having low tensions have proved most useful as 
foam Suppressing agentS. 
The Organo-silicon oxide condensation prod 

lucts contemplated for use according to this in 
vention are composed primarily of a plurality of 
silicon atoms linked together through oxygen 
atons, each Silicon aton having attached to it 
at least one organic radical, and they may con 
tain. One or more other Substituents, Such as 
hydroxyl groups or halides. Typical organo 
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silicon oxide condensation products which have 
been found suitable for the purposes of Our in 
vention include for example the liquid organo 
siloxanes. 
The organo-siloxanes are Sometimes referred 

to as the organo-Silicone polymers or condensa 
tion products as a result of the fact that they 
are principally composed of Organo-Silicone resi 
dues. They vary in composition depending upon 
the materials from which they are produced 
and the method of production. They are usually 
produced as condensation or polymerization 
products of the organo-silicols including the 
mono-silicols, disilicols and trisilicols and mix 
tures of these silicols. The organo-Silicone resi 
dues from these three silicols are of three dif 
ferent types. The silicone residue of the mono 
silicols may be represented generically by the 
formula 

f 
R-Si-O- 

in which R, R or R' represent similar or dis 
similar organic radicals Such as alkyl, aryl, aral 
kyl, alkaryl or heterocyclic groups. The silicone 
residue of the disilicols may be represented gen 
erically by the formula 

R 

-Si-O- 

R 

in which R, and R' represent similar or dis 
similar organic radicals such as alkyl, aryl, 
aralkyl, alkaryl or heterocyclic groups. The sili 
cOne residue of the trisiliCOIs may be represented 
by the formula, 

-Si-O- 

in which R, represents an organic radical such 
as an alkyl, aryl, aralkyl, alkaryl or heterocyclic 
grOup. 
The organo-siloxanes or organo-silicone con 

densation products may contain any one or all 
three of the above types of silicone residues de 
pending upon whether they are produced from 
pure silicols or mixtures of two or three of the 
mono-, di- and trisilicols. The condensation 
products obtainable may be straight chain, cyclic 
or cross polymerization products and include 
both solids and liquids. The liquid organo 
siloxanes or Organo-Silicone condensation prod 
ucts have been found most advantageous for 
the purposes of our invention, 
The organd-mono-silicols when polymerized 

alone can form. Only the dinner having the generic 
formula 

in which R, R' and R' represent similar or dis 
similar organic radicals such as alkyl, aryl, al 
karyl, aralkyl and heterocyclic groups. These 
Compounds are generally liquid and are effective 
anti-foam agentS. They are however somewhat 
Soluble in hydrocarbon oil compositions and are 
for this reason somewhat less effective than other 
organo-Siloxanes. However, the condensation 
products of Organo-mono-silicols in admixture 
With diols and triols are particularly valuable for 
the purposes of our invention. The presence of 
mono-silicols tends to prevent excessive forma 
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4. 
tion of resinous Solids rather than liquid con 
densation products. 
The oily liquid Condensation products obtained 

by polymerization of organo-silane diols are par 
ticularly advantageous anti-foam agents for the 
present purposes. The organo-disilicol com 
pounds when polymerized alone tend to produce 
predominantly straight chain polymerization 
products which may be generically represented 
by the following formula: 

O- si-o --oh 
k s k 

wherein R represents an organic radical, such 
as alkyl, aryl, aralkyl, alkaryl or heterocyclic 
group, R is a similar or dissimilar organic radi 
cal and n may be one or higher depending upon 
the number of organo-silicon oxide residues in 
the complex molecule resulting from the conden 
sation and dehydration of the organo-silane 
diol. 
When the organo-silane diols are polymerized 

in the presence of an organo-silane-monol the 
monol tends to Substitute at the end of the chain 
in place of at least one hydroxyl group and pro 
duce compounds having the formula 

R It 
R. si-o -Si-x 

R in R 

in which R, R and R.' represent similar or dis 
similar organic radicals such as the alkyl, aryl, 
aralkyl, alkaryl or heterocyclic group, X may be 
such an Organic radical or a hydroxyl group and 
n may be One or higher. Similarly other terminal 
groups may be substituted in these compounds in 
which case the generic structural formula may 
be represented by 

| 
X- st-o -it-y 

R 

in which R, and R' represent similar or dissimilar 
organic radicals as above and X and Y represent 
similar or dissimilar Organic radicals or inorganic 
substituentS Such as hydroxyl radicals, halides or 
the like and in may be one Ol' higher. 
The condensation products obtained from pure 

organo-silane triols are generally resinous solids 
because of the extensive cross polymerization 
which takes place. However, liquid condensation 
products Suitable for the purposes of our inven 
tion may be obtained from mixtures of trisilicols 
With mono- or disilicols or both. In such mix 
tures croSS polymerization is more limited and 
there may be obtained suitable oil insoluble liq 
uid Condensation products containing for exam 
ple cross polymerization products having a for 
mula of the following type: 

i it 
R- si-o -Si-O-Si-R' 

R f R 
O 

R | 
R- si-o -Si-O-Si-R' 

i 
R R' 

in which R, R and R' may be similar or dissim 
ilar alkyl, aryl, alalkyl, alkaly or heterocyclic 
group and n may be one or more. It will be 
understood that this formula is merely illustra 
tive of CrOSS polymerization products suitable for 
the purposes of our invention and such products 
may take other forms in which two or more cross 
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linkings between polymers are established. Such 
compounds may take a form in which they resem 
ble cyclic compounds for example: 

k . . k. 
k k R R 

in which R, R and R' may be similar or dis similar alkyl, aryl, aralkyl, alkaryl or heterocyclic 
grOupS. 
The molecular weight and other properties of 

the organo-siloxanes or silicone condensation 
products vary with the extent of the dehydration 
and condensation of the silicols from which they 
are produced and with the particular organic 
radicals present. While some of them are resin 
ous or rubbery solids, others are oily liquids. 
For the purposes of the present invention, we have 
found the liquid condensation products particu 
larly effective. These viscous oily liquids, in gen 
eral, have low surface tensions and low inter 
facial tensions toward hydrocarbon oils. They 
also have low solubility in hydrocarbon oils and 
are readily dispersible in such oils, particularly 
mineral lubricating oils. In general, we find the 
condensation products containing simple organic 
radicals, such as methyl, ethyl and short-chain 
alkyl groups, most advantageous for the purposes 
of our invention, as they have exceedingly small 
solubility in most hydrocarbon oils. 

For example, we have found that the oily liquid 
condensation products of the methyl silicols are, 
in general, good anti-foam agents. The liquid 
condensation products of di-methyl-silane diol 
are most advantageous for this purpose. How 
ever, very good results have also been obtained 
from condensation products of mixtures contain 
ing tri-methyl-silane monol, di-methyl-silane 
diol and methyl-silane triol. Di-methyl-silane 
dio has the following formula: 

CH 

HO-Si-OE 

CH3 

It is customarily produced from silicon tetrachlo 
ride through the Grignard reaction as follows: 

CH Cl 
Ys/ -- (MgBr:MgCl) 

c?, Cl 
OH cy / 

- 2ICl 
N 

() 

2CH3MgBr -- SiCl4 -9 

CH 
N/ 
s 

CE3 Cl 

C 

Si -- I2O e 
/ 

CH3 

dimethylsilanedio 

In this reaction all of the silicon tetrachloride 
may not be converted to the di-methyl-silane diol. 
The product may then consist of a mixture of 
tri-methyl-silane monol, di-methyl-silane diol 
and methyl-silane triol. This reaction product 
may be polymerized directly to produce satisfac 
tory anti-foam agents for the purpose of our in 
vention. Alternatively, intermediate Separation 
may be effected so that polymers of the individual 
silicols may be produced. 
As a class, these liquid condensation products 

are for all practical purposes Substantially oil 
insoluble. They are also substantially insoluble 
in water and aqueous solutions. On the other 
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6 
bon oils to form stable dispersions containing 
extremely fine particles of oil-insoluble liquid. 
In fact, we have prepared oil compositions con 
taining such oil-insoluble liquids dispersed there 
in, in which the majority of the dispersed parti 
cles range from 2.0 to 0.3 microns or less. Such 
fine dispersions of these condensation products 
in oils are very stable and are markedly resistant 
to foaming. Oil Compositions containing from 
5 to 100 parts per million of these compounds 
finely dispersed therein yield little or no foam 
when subjected to drastic foaming tests. In fact, 
compositions containing as low as 0.05 parts per 
million of a dispersed siloxane condensation prod 
luct showed a measurable resistance to foaming. 
The liquid condensation products of the meth 

yl-silicols described above are merely illustrative 
of this type of anti-foam agent. The liquid con 
densation products of other organo-silicols are 
also effective in suppressing foaming of hydro 
carbon oils and may be employed as the anti 
foam agent. The amount used should be suff 
ciently in excess of the solubility of the com 
pounds in the oil to give the required amount of 
dispersed liquid phase necessary to prevent foam 
ing under service conditions. For this reason, the 
liquid siloxanes which are substantially oil-in 
Soluble are most advantageous. While we have 
found that the compounds containing the simple 
organic radicals, Such as methyl, ethyl and short 
chain alkyl groups, are especially advantageous 
for the present purposes, satisfactory results can 
also be obtained with organo-siloxanes contain 
ing other organic radicals, such for example as 
aryl siloxanes, alkaryl siloxanes and substituted 
aryl siloxanes. Diphenyl siloxanes have produced 
particularly good results, and good anti-foam 
properties have also been obtained with con 
densation products such as methyl phenyl silox 
anes and di-chlorphenyl siloxane. 
The particle size of the insoluble liquid dis 

persed in the hydrocarbon oil has a marked effect 
upon the resistance to foaming so imparted to the 
oil compositions. In general, we have found that 
oil compositions containing dispersions of our new 
oil-insoluble, anti-foam agents in which the liq 
luid particles are about 2.0 microns and less in 
size are particularly advantageous for the present 
purposes. Such oil compositions are very stable 
in storage and under service conditions, and they 
have a high resistance to foaming which they re 
tain over long periods of use. 

Further, since good resistance to foaming can 
be readily obtained with exceedingly small pro 
portions of our new anti-foam agents finely dis 
persed in the hydrocarbon oil, the anti-foam 
agents of our invention do not deleteriously mod 
ify the other properties of such compositions. 
Accordingly, the desired foam-resisting proper 
ties can be imparted to such oils without impair 
ing their effectiveness as lubricants or for other 
intended uses. 
In the commercial practice of this invention, 

oil compositions may be produced directly in 
which the anti-foam agent is present in the de 
sired Small amount and fine dispersion. However, 
in certain embodiments of the invention, oil com 
positions initially containing relatively coarse dis 
persions and relatively high concentrations of the 
anti-foam agents may be first prepared and the 
desired finely dispersed agent concentration may 
be produced in the hydrocarbon oil during use 
by agitation thereof in the lubricating System, 
such as by gear pumps and other mechanisms. 

hand, they can be readily dispersed in hydrocar- 75 Such production of the desired fine dispersions 
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in situ in the oil during use is sometimes ad 
vantageous. Of course, the amount of anti 
foam agent and the fineness of the dispersion 
necessary to prevent foaming in a given case vary 
Somewhat with the particular oil and agent emi 
ployed as well as the service conditions to which 
the oil composition is subjected. 
In preparing our improved oil compositions, the 

oil-insoluble anti-foam agent may be incorpo 
rated in the oil or oil composition by any suitable 
method capable of producing a stable fine dis 
persion of the liquid agent in the oil. For ex 
ample, the anti-foam agent may be dissolved in 
a light hydrocarbon or other suitable solvent, 
such as mineral Seal oil, gasoline, naphtha, hex 
ane and benzene, and this Solution may be in 
troduced into the hydrocarbon oil to which it is 
desired to give anti-foam properties. The anti 
foam agents of Our invention are substantially 
soluble in these solvents at normal temperatures, 
and after such a solution has been formed it may 
be incorporated in the hydrocarbon oil or oil com 
position or crude oil, simply by mixing and agitat 
ing the solution therewith. A fine dispersion of 
the anti-foam agent in the oil is thus obtained. 
A convenient solution for such use would contain 
1.0 per cent of active anti-foam agent. To add 
0.00l percent anti-foam agent to the final Oil would 
require the addition of 0.1 per cent of the solution 
of anti-foam agent. Where it is desired to 
form directly a dispersion of the anti-foam agent 
in the oil, various commercial colloid mills may 
be employed to disperse finely the liquid agent in 
the oil. In this way, stable fine dispersions, 
wherein the size of the dispersed liquid particles 
is within the range of 2.0 to 0.3 microns or less, 
are readily obtained. Also, gear pumps may be 
employed to disperse the liquid anti-foam agent 
in the oil. The use of such gear pumps is ad 
vantageous in many embodiments of this inven 
tion, particularly those wherein fine dispersions 
of the anti-foam agents are produced in situ in 
the oil. Other methods and apparatus may also 
be employed in dispersing these agents in oils 
Or Oil Compositions. 

It is Sometimes advantageous to first disperse 
the liquid anti-foam agent in part of the oil and 
then add this concentrate dispersion to the re 
mainder of the oil. Such concentrate dispersions 
can be readily prepared as stable uniform com 
positions. Fol instance, a mixture of oil and anti 
foam agent in the desired proportions may be 
continuously circulated through a gear pump 
until a stable concentrate containing a uniform 
dispersion of the agent in the desired particle 
Size is obtained. Thus, standardized concentrates 
can be prepared which can be added to lubricat 
ing compositions as needed. In such case, the 
desired amount of concentrate is added to the hy 
drocarbon oil composition and the mixture is 
agitated until uniform. 

Also, such concentrates are themselves valuable 
anti-foam compositions. As they contain a pre 
formed, dispersed, insoluble liquid phase of the 
desired particle size, they quickly break oil foams, 
as well as suppress foaming in general. For in 
stance, when added to oil or oil compositions 
which have foamed, they rapidly destroyed the 
foam present and stopped further foaming. In 
such cases, they can be quickly blended with oils, 
oil compositions, and crude oil and uniformly in 
corporated therein before serious foaming oc 
CS. 

For such purposes, oil concentrates containing 
from 100 to 2000 parts per million of finely dis 
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8 
persed liquid organo-silicon oxide condensation 
products are advantageous. By adding from 0.1 
to 10 parts of such concentrates to 100 parts of 
mineral lubricating oils, improved lubricants hav 
ing marked resistance to foaming are readily and 
easily obtained. 
One particularly advantageous field of use for 

the anti-foam agents of our investion is in lubri 
cants for internal combustion engines, such as 
automotive, aviation, Diesel and like engines, be 
cause we have found that even under the high . 
temperature of operation of these engines, these 
compounds retain their foam-inhibiting prop 
erties. In lubricating Such engines, appreciable 
foaming of the motor oil seriously interferes with 
effective lubrication. For instance, aviation oils 
(either straight or compounded oils) tend to foam 
at the low barometric pressures encountered at 
high altitudes. Also in lubricating such engines, 
particularly aviation engines, the lubricating oil 
is circulated under pressure through the parts to 
be lubricated. In doing so gear pumps are usual 
ly employed in supplying pressure oil to the en 
gine and returning the oil from the engine sumps 
to the reservoir tank. In such systems, the 
Scavenger pump is usually of such capacity as to 
maintain the engine sump in a substantially dry 
condition. With such dry sump systems, the 
Scavenger pump frequently pumps large volumes 
of air with the oil, this air becoming dispersed in 
the oil. Under such conditions, excessive foam 
often leads to loss of the oil from the engines and 
impairs the lubrication. By the present inven 
tion, such foaming can be readily overcome or 
suppressed. For example, an appropriate amount 
of our liquid anti-foam agents can be introduced 
into the circulating oil and dispersed therein by 
the gear pumps, or oil concentrates of the anti 
foam agents can be intermittently injected into 
the oil and uniformly dispersed therein by such 
gear pumps whenever substantial amounts of 
foam appear in the system. Further, such foam 
ing can be prevented and the engine effectively 
lubricated at all times by employing an improved 
lubricant containing these liquid anti-foam 
agents dispersed therein from the beginning. 
While our anti-foam agents and improved mo 

tor oils are particularly advantageous in lubri 
cating engines wherein the oil is circulated un 
der pressure by means of such gear pumps, they 
are also useful and advantageous in lubricating 
certain types of engines using splash lubrica 
tion. Also, modern Diesel engine oils usually con 
tain relatively large amounts of additives of the 
detergent or detergent-dispersion type. It has 
been found that such additives promote foaming. 
Accordingly, many Diesel oils foam badly. By 
the present invention, such foaming is effectively 
prevented and improved anti-foaming Diesel oils 
readily obtained. 
Another advantageous field of use is in gear 

lubricants, particularly for transmission gears of 
automotive equipment and the like. In lubricat 
ing such gears, the oil composition is violently 
agitated by the rotating gears and substantial 
amounts of foam are formed. This foam inter 
feres with the lubrication and cooling of the gears. 
By the present invention, this foaming and its 
attendant difficulties in gear lubricants are effec 
tively prevented and overcome. 

Still another field of use for the products of 
our invention is in the light oils used in steam tur 
bines. With these light oils, agitation may pro 
duce considerable foaming. By the present inven 
tion, such foaming of light oils is effectively pre 
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vented. Furthermore, there is often a tendency 
for steam turbine oils to emulsify with the water 
with which they are mixed. We have found that 
the anti-foam agents of our invention have an ad 
ditional advantage in this use, because they gen 
erally increase the resistance of such oils to emul 
sification. 
Our improved anti-foaming agents also may be 

advantageously added to crude oil to prevent 
foaming in pipe lines, storage tanks and the like, 0. 
particularly such oils as are produced in west 
erra Venezuela. Concentrations of the Order of 
0.00005 per cent or 0.5 part per million are quite 
effective in suppressing foaming in crude oils. It 
is usually advantageous to add the anti-foam 
agent to the crude oil in Solution in a Solvent such 
as one of those indicated above, because of the 
Small amount of anti-foam used in a large volume 
of crude. Good results can be obtained when the 
anti-foam agent is added to the crude oil when 
the crude oil is being fed from the Wellhead to a 
gas separator. The agitation secured at this point 
is sufficient for distributing the solution of anti 
foam agents through the crude oil. The effect of 
adding such solutions of our anti-foam agents is 
that existing tankage and equipment for handling 
such crudes can, for its capacity, about double its 
throughput. Our new anti-foam agents and com 
positions are also useful in other oil compositions 
and effectively prevent the foaming thereof. In 
deed, they are useful and advantageous in any 
hydrocarbon oil or oil composition in which they 
are substantially insoluble whether used as a lu 
bricant or not, and in which it is desired to pre 
vent foaming. However, they are particularly ef 
fective in combating foaming in mineral lubricat 
ing oils and lubricants. 
The relative effectiveness of various organo 

silicon oxide anti-foam agents of our invention 
in preventing foaming in different hydrocarbon 
oils and oil compositions may be demonstrated by 
means of the following foaming test in which the 
oil or oil composition is controllably aerated un 
der fixed conditions, so that the results obtained 
in a series of tests are directly comparable. 

In carrying out this test, 200 cc. of the oil are 
placed in a tall graduate and air, in the form of 
fine bubbles, is passed upwardly through this 
Column of oil at a controlled rate of 0.2 cubic feet 
per hour by means of a diffuser positioned in the 
bottom of the graduate. The graduate is closed 
with a suitable cover provided with air inlet and 
Outlet tubes. The inlet tube extends to the bottom 
Of the graduate and has a diffuser fixedly mounted 
On the lower end. Air is passed down through this 
tube and through the fine pores of the diffuser into 
the oil. In this Way, uniform fine air bubbles are 
introduced at the bottom of the oil column. The 
fine air bubbles pass up through the column of 
oil agitating it and forming foam. The volume 
of foam formed at the top of the oil column can 
be readily and accurately measured on the gradu 
ate. 
By this test, the time to form a given amount 

of foam may be noted and recorded and the 
amount of foam formed in a given time from the 
start of air flow through the oil may be measured 
and recorded. Either of these measurements 
gives a numerical value proportioned to the over 
all average rate of foaming. One or both of these 
Wales can be conveniently Sed to compare and 
evaluate the respective foaming properties of dif 
ferent oils and oil compositions. 

In the above test, the foaming characteristics 
of the oil or oil composition tested are usually 
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O 
determined at room temperature under atmos 
pheric pressure. However, if desired, similar 
foaming tests can be made at other temperatures 
and pressures as desired. For instance, foaming 
tests may be made at higher or lower temperaturc, 
by placing the graduate containing the oil in a 
thernostatically controlled bath maintained at 
the desired temperature. In fact, this is usually 
done even when the tests are made at room tem 
peratures, the bath and oil in the graduate being 
brought to a standard temperature, usually 80-90 
F., before aerating the oil. The foaming test may 
be made at reduced pressures by connecting the 
air outlet of the graduate to a suitable low pres 
Sure reservoir maintained at the pressure de 
sired, 
In the following specific examples, there are 

illustrated by means of this foaming test the ad 
vantageous results obtained by incorporating in 
a mineral lubricating oil the organo-silicon oxide 
anti-foam agents of Our invention. 

Eacon.ple I 
In this example, a commercial liquid condensa 

tion product of dimethyl silane diol was used as 
the anti-foam agent, and it was incorporated in a 
highly refined paraffinic lubricating oil of SAE 50 
grade. 
The selected dimethyl silicon oxide condensa 

tion product was a viscous oily liquid having a mo 
lecular weight of about 2000 and a viscosity 
(S. U. S.) of approximately 30,000 at 100°F. Its 
composition by chemical analysis was as follows: 

Oxygen, per 
Carbon, cent (by percent 

Hydrogen, 
percent 

Silicon, 
percent difference) 

32.0 8.15 35.5 24.35 

It had a low interfacial tension toward the se 
lected oil and was practically insoluble although 
it was readily dispersible in the Selected oil. 

In dispersing this liquid anti-foam agent in the 
lubricating oil, a concentrated oil dispersion was 
first prepared. In doing so, 0.1 part of the di 
methyl silicon oxide compound was added to 99.9 
parts of the oil by Weight, and this mixture was 
continuously circulated through a gear pump until 
a fine dispersion containing dispersed liquid par 
ticles varying from less than 0.3 to 2.0 microns 
Was obtained. Next, one part of this concentrate 
Was added to 99 parts of the selected paraffinic 
lubricating oil and this oil mixture was agitated 
with a suitable stirrer until a uniform composition 
was obtained. The non-foaming lubricating oil 
so obtained contained 10 parts of the liquid anti 
foam agent per million parts of oil. The inspec 
tion properties of this improved non-foaming oil 
Composition Were substantially the same as those 
of the base oil, as shown in the following table: 

Base oil-- 
Base of P. P. M. anti 

foan agent 
Composition 

Gravity, API. -------------------------- 29.6 29, 6 
Wiscosity SUV at 

100 F------------------------------- ,065 1,08 
210 F. 96.4 97.4 

Color, NPA 3- 3 
Ash, percent 0, 0.01 
Precipitation No. wd 0.05 0.5 
Neutralization No.----------------------- 0.03 0.02 

To compare the foaming properties of the base 
oil and the oil containing the dinnethyl silicon 
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oxide compound, samples (200 ml.) of the two 
oils were subjected to the above-described foam 
test at 78° F. The results were as follows: 

Wol. of Time, Composition minutes foam, ml. 

0 0. 
1. 140 
3. 365 
4. 440 

1. Base oil-------------------------------- 5 50 
6 550 
8 645 
10 755 
12 835 
0 0 
1. 0 
5 0 

2. Base oil--10 P. P. M. anti-foam agent-- g 
20 O 
25 0. 

As shown by the above test, this oil containing 
the anti-foam agent of our invention is effec 
tively rendered non-foaming. 

Eacample II 
In this example a methyl siloxane product was 

produced from silicon tetrachloride and tested as 
an anti-foam agent. 
The nethyl silicone polymer Was prepared as 

follows: 
Silicon tetrachloride dissolved in an equal 

volume of ether was mixed at a temperature be 
tween -10° C. and 0° C. with methyl magnesium 
chloride in ether in a ratio of one mol of silicon 
tetrachloride to each two mols of methyl mag 
nesium chloride. Near the end of the mixing, 
the temperature was allowed to rise slowly until 
the ether refluxed gently. After all the methyl 
magnesium chloride had been added, heat was 
applied and the mixture was refluxed for one 
hour. After the reaction product stood Over 
night, it was poured over cracked ice to hydrolyze 
the methyl silicon chlorides. The ether solution 
of the hydrolyzed reaction products was then 
washed with water and with sodium thiosulfate 
Solution until neutral and until all of the free 
chlorine had been removed. The ether was then 
evaporated and the methyl silicol product re 
COvered. No attempt was made to recover the 
individual silicols from the methyl silicol mix 
ture thus obtained. 
The methyl silicol mixture was then dissolved 

in benzene and about 20 per cent by weight of 9 
N Sulfuric acid was added. This mixture was 
heated on a steam bath for about five to ten 
minutes. After about two hours the benzene 
layer was separated from the sulfuric acid, was 
washed with water and treated with small por 
tions of activated charcoal on the steam bath 
over a period of three-quarters of an hour. The 
activated charcoal was filtered off and the ben 
Zene was evaporated in about two hours by heat 
ing Over a steam bath in a current of air. The 
last traces of benzene were removed under vacu 
um to recover the methyl silicone polymerization 
products or methyl siloxanes. 
The methyl siloxane product on analysis gave 

the following results: 

Percent Percent Percent 
carbon hydrogen silicon 

28.25 7.26 39.70 
28.10 7.20 39.49 

These results show a higher silicon to carbon 
ratio than the theoretical for a dimethyl silicone 
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2 
polymer indicating the presence of other methyl 
silicone polymers, 
The methyl siloxane product thus obtained was 

tested for its effectiveness as an anti-foam agent 
by the foam test above described. When incorpo 
rated in the same base oil in corresponding con 
centrations the Synthetic methyl siloxane prod 
uct showed substantially the same foam sup 
pressing power as the commercial dimethyl sili 
Cone polymer used in Example I. 
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 ex 
amples and embodiments, and may be variously 
practiced within the scope of the claims herein 
made. 
What we claim is: 
1. A process of Suppressing foaming in hydro 

carbon oils and oil compositions containing them, 
Comprising incorporating in said oil a suspension 
of a liquid organo-silicol condensation product 
having a low interfacial tension toward said oil 
in an amount sufficient to provide in the oil a 
greater amount of said condensation product than 
is Soluble in Said oil and producing a stable fine 
dispersion of said liquid Organo-silicol condensa 
tion product in said hydrocarbon oil. 

2. A process of suppressing foaming in hydro 
carbon oils and oil compositions containing them, 
comprising producing in the oil a stable fine dis 
persion of a mixture of liquid organo-silicol con 
densation products substantially insoluble in the 
oil and having a low interfacial tension toward 
the oil in an amount corresponding to 0.5 to 100 
parts per million of the oil, Said dispersion com 
prising predominantly particles of 2.0 microns 
and less in size. 

3. A composition of matter of reduced foaming 
properties comprising an organic liquid having 
foaming tendencies and a small amount, less than 
0.1 per cent, of an active defoaming compound 
consisting of polymerized dimethyl silicone. 

4. A process of suppressing foaming in hydro 
carbon oils and hydrocarbon oil compositions 
which comprises producing in the oil a stable 
fine dispersion of a liquid organo-silicol conden 
sation product, in an amount Corresponding to 
not less than 0.5 part per million of the oil but 
insufficient to substantially modify the desirable 
properties of the oil. 

5. A process of Suppressing foaming in hydro 
carbon oils and hydrocarbon of compositions 
which comprises producing in the oil a stable fine 
dispersion of a liquid organo-silicol condensation 
product, in an amount corresponding to 0.5 to 
100 parts per million of the oil. 

6. A process of suppressing foaming in hydro 
carbon oils and oil compositions containing them, 
comprising forming in Said oil a stable fine dis 
persion of a liquid organo-silicol condensation 
product having a low interfacial tension toward 
said oil in an amount corresponding to at least 
5 parts per million of Said oil and insufficient to 
deleteriously modify other desirable properties of 
the oil, by incorporating in said oil a solution of 
said liquid Organo-silicol condensation product in 
a lighter hydrocarbon than said oil in which said 
organo-silicol condensation product is substan 
tially more soluble than in said oil, said solution 
Containing 100 to 2000 parts per million of said 
liquid organo-silicol condensation product. 

7. A process as claimed in claim 5 wherein the 
agent dispersed in the oil is a liquid organo 
silane diol. 

  



2,418,504 
13 

8. A process as claimed in claim 5 wherein the 
liquid organo-silicol condensation product is a 
condensation product of dimethyl silane diol. 

9. A hydrocarbon oil composition of reduced 
foaming properties comprising a hydrocarbon oil 
having foaming tendencies and an organo-silicol 
condensation product stably dispersed in Said oil 
in a small amount, not less than 0.5 part per 
million, insufficient to substantially modify the 
desirable properties of said oil. 

10. A hydrocarbon oil composition of reduced 
foaming properties comprising a hydrocarbon oil 
having foaming tendencies and from 0.5 to 100 
parts per million of a liquid organo-silicol con 
densation product stably dispersed in said oil. 

11. A hydrocarbon oil composition of reduced 
foaming properties comprising a hydrocarbon oil 
having foaming tendencies and from 0.5 to 100 
parts per million of a mixture of organo-silicol 
condensation products stably dispersed in said oil. 

12. A hydrocarbon oil composition of reduced 
foaming properties comprising a hydrocarbon oil 
having foaming tendencies and from 0.5 to 100 
parts per million of a liquid di-alkyl silicone con 
densation product stably dispersed in said oil. 

13. A composition adapted to impart foam-re 
sisting properties to hydrocarbon oils and Com 
positions containing them when added thereto in 
an amount corresponding to 0.1 to 10 parts per 

O 

2 O Number 

4. 
hundred, comprising a hydrocarbon liquid con 
taining from 100 to 2000 parts per million of 
a liquid organo-silicol condensation product. 

14. An improved mineral lubricating oil con 
taining, colloidally dispersed, from about 0.0005 
to 0.01% of a di-alkyl silicone which is insoluble 
in said lubricating oil. 

15. The composition of claim 14 in which the 
lubricating oil is turbine oil. 

6. The composition of claim 14 in which the 
lubricating oil is aviation lubricating oil. 

CHARLES E, TRAUTMAN. 
HENRY A. AMBROSE. 
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