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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 1811.7 

REVIEW OF EMULSIflED AJTIFOA?Y FOR AIRCRAFT 


LUBRICATING OTIS 

By W. W. Woods and J. V. Robinson 

The majority of effective antifoams are insoluble in the liquids 
which they defoara. The mechanism of defoaming by such insoluble emulsi-
fied antifoams is explained. Defoaining ability may be predicted from 
measurements of surface tension. It is shown theoretically that aircraft 
lubricating oils are more likely to be defoamed. by antifoa.ms of the 
insoluble emulsified type than by any other type. 

The essential prerequisites applicable to afl antifoaming additives 
active as emulsions in lubricating oil are listed. Four distinct types 
of emulsified antifoaia theoretically can exist. 

Partial solubility of antifoains in lubricating oils complicates 
surface-tension measurements on which predictions of defoaming ability 
are based. Reliable experimental methods of evaluation are discussed. 

A survey is made of' the experimental progress in emulsified anti—
foams. Effective examples of all four theoretical types have been found, 
and the prospects appear good for future development of' more economical 
and entirely satisfactory antifoams. 

The search for antifoaining addltives has previously been conducted 
haphazardly, with little or no theoretical guidance either as to the 
mechanism of defoam.ing or the essential prerequisites for an effective 
antifoain. In reference 1, a theory has been developed which permits the 
logical choice and improvement of insoluble antifoams and, furthermore, 
provides a basis for reviewing known antlfoams. The present report 
integrates the extensive experience of the Stanford University labora-
tories in this field and presents a guide for further experimentation by 
workers in the future. 

This program of research was conducted at Stanford University under 
the sponsorship and with the financial assistance of the National 
Advisory Committee for Aeronautics.
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MECUANIVI OF DEFOAMING BY vIUISIFIED NTIFOAMS 

The mechanism of defoaming by insoluble agents has only recently 
been expounded (reference i), although it has been known for many years 
that surface and. interfacial tensions must be concerned. These anti-
foams are now known to promote bubble coalescence as well as film rup-
ture (and. may even stabilize surface bubbles). The basic mechanism 
involved. is apparently the simultaneous collision of two air bubbles 
with a small droplet of emulsified antifoam. This droplet enters both 
bubbles and. spreads on their inner surfaces. The two air bubbles are 
thus momentarily connected. by the droplet of liquid. Unequal surface 
tensions and the spreading of the antifoain on the inner surfaces of the 
bubbles complete the destruction of the lamella separating the bubbles, 
and they coalesce. The large bubbles thus formed are unstable and 
escape readily. The physical properties required for such action are 

+ aDF >aD 

the entering requirement, and

F > aDF + aD 

the spreading requirement, where 

surface tension of foaming liquid 

aD	 surface tension of d.efoamer droplet 

aDF	 interfacial tension between d.efoanier droplet 
and. foaming liquid 

As the Interfacial tension a	 is small for emulsions of reason-
able stability, it can be seen that the prime prerequisite is that the 
surface tension of the emulsified. defoazzier be seeral dynes per centimeter 
lower than that of the foaming system. This mechanism is theoretically 
independent of the chemical nature of the foaming system. and. has been 
applied with good. correlation by Robinson and Woods (reference i) in the 
prediction of antifoaming action for a large number of additives tested fri 
both aqueous and. nonaqueous foaming systems.
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PROBABILITY THAT	 CTIE ANTIFOANS FOR LUBRICATflG 0112 


WILL BE OF EMULSION T'IPE 

A careful study of the recorded. literature on antifoam.ing additives 
reveals that the majority of effective antifoame are not soluble in the 
foaming systems they defoem. (See reference 1.) The survey mad.e in this 
laboratory has revealed. no substances soluble in lubricating oil which 
are capable of permanently defoaming it. 

There are certain grounds for believing that the absence of soluble 
antifoams for lubricating oils Is more than fortuitous. All the known 
examples of soluble antifoams for other liquids, which have a permanent 
effect, act by removing or destroying the foam-stabilizing agent. Evi-
dence has been accumulated. which Indicates that there is no specific 
foam-stabilizing agent in lubricating oil, but rather that the foaming 
is a property of the hydrocarbon mixbu.re itself. Such evidence, which 
is presented. in detail In reference 2, Is that simple binary mixtures of 
pure nonfoaming hydrocarbons (for example, 80 percent toluene with 
20 percent d.ecane) will foam; that none of the fractions obtained. by 
solvent extraction of aircraft lubricating oil will foam to the extent 
of the original oil; and. t}at the foam stability of lubricating oils Is 
almost d.Irectly proportional to their viscosity, a property of the bulk 
of the liquid. 

Several instances are cited. In the experimental work discussed. In 
the present report in which the apparent d.efoaming effect of soluble sub-
stances proved. to be temporary. 8uch a d.efoami.ng effect persists only 
as long as the antlfoam remains undlssolved.. Typical examples of such 
temporary antifoams in aqueous systems are the higher alcohols (usually 
6 to 10 carbon atom chains) coon1y used to destroy foams in aqueow 
solutions of soaps and. detergents. 

ANPLfBIS OF PROBLEM OF SECTION OF 

Criterions for Successful Aritifoam 

The mechanism of d.efoaming by euls1fled. antifoams and. the operating 
conditions In aircraft engines being considered., a successful antifoam for 
aircraft lubricating oil sho1d. possess the following properties: 

(1) Re1tive. insolubility In oil. 

(2) Dlspersibility to a fine, stable eni1sion. 

(3) Surface tension several dynes per centimeter lower than 
that of the oil at engine temperatures.
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( ii. ) Nonvolatility at all engine operating temperatures. 

(5) Chemical compatibility with add.itives used. in lubricating 
oil for purposes other than antifoaming. 

(6) No corrosiveness nor injuriousness to lubrication. 

(7) No d.ecoiaposition to form Compounds which are corrosive or 
deleterious to lubrication. 

Types of Thnulsified .Antifoam 

Theoretically, at least four types of emulsified antifoen which 
meet the foregoing requirements can be made: 

Type 1: A single constituent of surface tension lower than that 
of the oil and. insoluble therein, which forms stable emulsions with 
the oil. 

Type 2: One constituent of surface tension lower than that of 
oil and ,insoluble therein, emulsions of which are stabilized. by the 
addition of a second. constituent. 

Type 3: One constituent which is insoluble in oil, but which 
has its surface tension reduced. and. its emulsions stabilized by the 
addition of a second. agent. 

Type : One constituent which is insoluble in oil, but which 
has its surface tension reduced. by a second constituent and its 
emulsions stabilized by a third. constituent. 

Distribution of Antlfoam Conrponents between Phases 

Great experimental difficulties are encountered. in obtaining data 
which may validly be applied. to predicting antifoaza action. Most com-
pounds suitable as antifoams or used. in compounding antifoain2 have 
appreciable, though often very low, oil solubilities. Thus, when an 
additive is dispersed. in oil, the additive phase will often be found to 
contain dissolved. oil and the oil phase, to contain dissolved additive. 
A comm.on result of this mutual solubility is that the surface tension 
of the additive is raised and. that of the oil lowered, even to the 
extent that antifoaming action is impossible. Unfortunately, direct 
measurement of the surface tension of a small amount of finely and 
stably dispersed. additive is not experimentally feasible. 

For type 1 antifoame, the additive is a single component, so that 
the concentration of the mutually saturated phases is independent of 
their relative quantities, provided. that minor constituents are not
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selectively extracted.. Therefore, mutuafly saturated. phases may be 
prepared. by mixing oil and additive in anymore convenient ratio, allow-
ing sufficient time for equilibrium to be reached., and. separating the 
phases to measure their surface tensions. 

For antifoans of types 2, 3, au1 14., where the ad.d.itive consists of 
two or more components, the components distribute between the additive 
and. oil phases, and. the concentration of the components in the two phases 
depends on their relative solubilities in each and on the relative amounts 
of each of the two phases. 

The following analysis shows that the concentration of a component 
in each of two completely innisc1ble liquids in contact depends on the 
relative solubility of the component in each liquid and on the relative 
amounts of each liquid present. The symbols used in this analysis are 
as follows: 

A	 total weight of additive conxponeit A, grams 

[A]011	 concentration of A dissolved in oil phase, percent 

B	 total weight of additive component B, grams 

[B]A	 concentration of B dissolved in additive phase, 
percent 

[B]0i1	 concentration of B dissolved. in oil phase, percent 

f1( ), r( )	 any functions of variables in parentheses 

K	 distribution coefficient (_Oil 

0	 total weight of oil, grams 

101A	 concentration of oil dissolved in additive phase, 
percent 

X	 weight of oil dissolved. in additive phase, grams 

Y	 weight of A dissolved in oil phase, grams 

Z	 weight of B dissolved. in oil phase, grams
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Oil-O 

I	 phase 

Mditive	 I 

_______	 saturation	 I 
D component B	 Mutual 

Add.itive 
component A	 1

Additive phase 

Additive component B Is the emulsifying agent and. surface-tension 
depressant. For simplicity, assume that the oIl 0 and the bulk of the 
additive A are completely insoluble in each other and. that 0 >> B <<A 
(as is true in the practical case). If Z grams of B travel from the 
additive phase to the oil phase, after mixing, then 

[B] 011 = z/0 

[B]A = (B - z)/A 

By definition,

K= [B]011 

[B]A 

and, by substitution,

[BIA = B/(A + KO) 

or, since in the practical case K> 1 (eniulsifiers promoting water-in-
oil-type emulsions are quite oil-soluble), 

KO>> A 

and

[B]A = B/KD 

Thus the concentration of an emulsifying agent or surface-tension 
depressant in the additive is found to depend on the amount of oil present, 
and the surface-tension depression varies with this concentration.
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The equilibrium concentrations of the mutually saturated oil and 
additive phases can be computed, however, from experimentally measured 
solubilities, in order to make up solutions on which the proper surface 
tensions may be measured directly. The method is illustrated in 
equations (1) to (6) for type 2 and. type 3 antifoame and a similar, 
though more complex, treatment can be derived for antifoanis of type 11-. 
(See preceding diagram.) First the distributi qn coefficient for 
cononent B between oil and cononent A nnist be determined by use of 
experimentally convenient oil-to-additive ratio. For this determination, 
an aliquot portion of either the oil or additive phase must be analyzed 
for B. 

After analysis, the distribution coefficient is calculated: 

K- [B]0i1 

- tA 

The next step is to measure the solubility of coiionent A in the oil. 
Eowever, the solubility of A in the oil may vary significantly with th€ 
concentration of B in the oil; that is, 

	

Ai 0ii = fi (Bj oi1)	 (2) 

Likewise, the solubility of the oil in the additive phase may depend upon 
the concentration of B in the additive phase: 

[o]A=f2([B]A)	 (3) 

It is assumed that the concentration of oil in A and of A in oil does 
not significantly affect the distribution coefficient of B. 

With these data, the exact constitution of each phase can be calcu-
lated, regardless of the relative amounts of oil, component A, and com-
ponent B used. This calculation is made as follows: 

z 

	

LBioil = 0 - X	 (14.) 
[ B]A	 B-Z


A-Y

(1) 

[A] 011 = Y/(o - x) = f1 (IB]0ii) = l(D -
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[O]A = x/(A - Y) = f2[B]A = f2( -	
(6) 

The difference (0 - x) may be considered equal to 0, the amount of oil 
being relatively large. These are three independent function.s relating 
three variables (x, Y, z); hence equations (14.), (5), and. (6) m&r be 
solved to determine the exact constitution of each phase at equilibrium 
for any selected values of 0, A, and B. If the constitution is Imown, 
each phase can be independently prepared in quantities sufficiently 
large for direct surface-tension measurements. 

In practice, avoidance of these accurate but time-consuming methods 
of predicting aaitifoam action generally proves convenient when promising 
additives are to be screened from a large number of possibilities. For 
this reason, most of the work in this laboratory has been confined to 
room-temperature measurements of additive surface tension. Additives of 
surface tension lower than that of oil were thus selected from a large 
number of possibilities, and many of those selected proved to be 
effective antifoans. Examples of each of the four types of emulsified 
antifoazu have been found. The experimental work. described herein Is 
only a beginning In this field, however, and should be regarded chiefly 
as a guide to further experimentation. 

Surface Tensions 

The experinental surface tensions reported in this paper were 
measured by the ring method with a Cenco du Nouy Precision Tension-
eter. The ring employed was a Cenco platlnuni-iridluni ring of 
11-.0O-centimeter mean circumference with a radius ratio of 14-0.2. 
Readings obtained with this instrument should be corrected f or the 
weight of liquid raised by the ring. Inasniuch as this work was 
essentially a survey intended to reveal substances of surface tension 
considerably below that of oil, and as the densities of most of the 
additives are near that of oil, no corrections were made. However, 
corrections for this ring have, been calculated (from the tables of 
Harkins and Jordan, reference 3) and are tabulated. for reference:
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Apparent surrace tension Correction to be subtracted. 
Density (d.ynes/cm)

0.9 1.0 _______________________ 

10 1.75 l.81i. 
20 2.14.3 2.55 
25 2.62 2.80 

30 2.72 2.97 
35 2.71 3.03 
40 2.63 3.00 

45 2.46 2.90 
50 2.22 2.73 
55 1.91 2.51 

60 1.51 2.19

Solubility 

Most of the solubilities at 100° C were obtained. by visual inspection 
of test tubes containing 10 cubic centimeters of oil and. approximte1y 
0.1 centimeter (0.1 gram in the case of solids) of the additive. The 
tubes were placed. in an oven to be heated, then removed. and shaken, and. 
the presence or the absence of undissolved. material noted.. 

In some cases, particularly those in which the ad.d.ltive was insoluble 
at 1000 C, the tubes were cooled. to room temperature and. examined. again 
for the presence of undissolved. material. 

Cases in which the add.itive was very soluble in the oil at room 
temperature were noted. incidentally, without special solubility tests. 

If the additive dissolves, it is denoted. soluble S, anxl, if uniis-
solved material is still visible by the tube test, it is d.enoted. insolu-
ble I.

Foam Tests 

The foam-test results reported in this paper are reported. in detail 
(references 4 to 10). The foam results quoted were obtained by one or 
several of the following methods: 

(1) Air bubbling at 100° C. (These data are preferred, where 
available.) 

(2) Aeration and evacuation at room temperature and. at 1000 C. 
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(3) Beating and. evacuation, at room temperature and at 1000 C. 
(This method is the least dependable of the four.) 

(14.) Electric-kitchen-mixer beating at room temperature. (These 
data are preferred, where available.) 

The methods have been fully described in a previous report (reference 14.). 

The foam-test grading system used. is as follows: 

A	 only traces, or no foam 

B	 foaming reduced to approximately one-fifth of original 

C	 foaming reduced to approxiniately one-third to one-half of 
original 

D	 foaming reduced by less than one-half çf original 

E	 no effect 

F	 foam. stabilized

RESULTS 

The measured surface tensions of organic substances and. their 
mixtures were Intended to permit the selection of compounds and mixtures 
of compounds which would. effectively defoam aircraft lubricating oil by 
the mechanism previously described. As mentioned in a preceding section, 
this survey was conducted by measuring surface tensions of antifoam 
constituents separately from the oil. Strictly speaking, only those sur-
face tensions are validwhich represent mixtures having the composition 
of the oil aM antifoani phases after they have had sufficiently long 
contact to permit equilibrium to be established, and. when they are present 
In the relative quantities in which they will be actually used in service. 
flowever, consideration of the qualitative solubilities of the various sub-
stances in oil, in conjunction with the surface-tension data obtained, 
permits a rough evaluation of potential antifoam ability which is of value. 

Such qualitative observations on solubility as have been noted are 
therefore included In the tables. Since nonvolatility is a requisite of 
all constituents of an antifoani for aircraft lubricating oils, boiling 
points are tabulated for those substances for which they were available. 

The data in general have been grouped in the tables according to 
their applicability to the consideration of antifoani types 1, 2, 3, or 14., 
in that order. Most of the data are included in tables I to X.
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The surface tensions of existing military aeronautical lubricating 
oils (unused) have been found to lie between 3 1i. and 35 dynes per centi-
meter (uncprrected, 31 . 3 and. corrected, 32.3) at room temperature. The 
effect of use in aircraft engines is a slight lowering of these values. 
The extent of the lowering is apparently dependent, on the duration and. 
the severity of use but has not been observed to be greater than 3 dynes 
per centimeter. Therefore, additives of any type which exhibit surface 
tensions much above 30 dynes per centimeter (uncorrected) are not likely 
to defoam both new and used oils. 

Table I presents experimental surface-tension and oil-solubility 
data for a variety of organic conipounds. Solubilities are expressed as 
insoluble I or soluble S , at an additive concentration of approxi-
mately 1 percent, with BKE medicinal mineral oil and Aeroshell 120 as 
solvents. Boiling-point data (from handbooks and critical tables) are 
also included for compounds when volatility at 100° C may preclude their 
use as antifoaming agents. 

Table II presents the results of foam tests on some of the more 
promising or theoretically interesting single-constituent additives. 
Although these foam-test data have previously been reported in detail, 
they have never before been correlated with additive surface tension 
and solubility, as is done in table II. 

Table II contains three cases of apparent foam inhibition (at room. 
temperature) where the additive is oil-soluble. In each of these cases, 
the testing was a rapid, but crade, evacuation method and has never been 
rechecked or coipared. with any other test method. quite probably the 
defoaming effect is temporary said results from the slowness of the 
additive in dissolving in the viscous oil. 

The defoaaning effect shown by 2-nitrobutanol-1 is also contrary to 
the current theory Inasmuch as the surface tension of this additive is 
much higher than that of oil. The sample of 2-nitrobutanol-1 is, however, 
impure (opaque brown in color), containing suspended material. The 
defosaning action may be due to the suspended material of urthiown surface 
tension rather than the 2-nitrobutanol-1 itself. 

A number of compounds suitable for the insoluble components of 
type 2 antifoams are listed in table III together with their experi-
mentally determined surface tensions. The essential prerequisite for 
this type of emulsified foam. inhibitor Is that it shall consist of an 
oil-insoluble component having a surface tension lower than that of the 
oil to be defoamed and a dispersing agent which adequately emulsifies 
the insoluble' component without causing either its solubilization or 
serious reduction of the surface tension of the oil. Table III inci-
dentally contains certain compounds which are somewhat effective as 
single-constituent antifoaane (see table II), but of which the antifoaming 
efficiency might be improved by the addition of an emulsifying agent.
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The results of foam tests on a number of type 2 antifoams are given 
in table IV. Notations are made of cases in which the emulsifying agent 
is known to have caused solubilization of the add.itive in the lubricating 
oil. For example, with the butyl carbitol and. d.iethyl laurylthiiido phos-
phate antifoam, butyl carbitol was observed, to be insoluble in the lubri-
cating oil. The mixture, however, is soluble although the rate of solution 
is slow. Consequently, only temporary defoaming results. Similarly, for 
mixtures of castor oil and Aerosol OT (a type 3 antifoam; see table i'), 
castor oil was noted to be insoluble in the lubricating oil at 1000 C, but 
after the addition of Aerosol OT and subsequent foam testing at 1000 C, no 
trace of Insoluble material could be seen. This same observation was made 
with the antifoam mixture of sulfonated. castor oil and lead. Aerosol OT. 

Table V presents the results of surface-tension measurements on 
solutions of certain substances in Aeroshell 120 lubricating oil. Several 
of these substances are effective emulsifying agents for type 2 anti-
foams, as is shown in table I\. In connection with table IV, the add.i-
tion of oleic acid increases the solubility of zinc palniitate in lubri-
cating oil without appreciable effect on the surface tension of the oil. 

Although type Ii- ant if oams are more complex than type 3 in that the 
further addition of an emulsifying agent is required, both types require 
surface-tension depressants, and. consequently similar experimental data 
are needed. Practically no infoiation exists in the literatire dealing 
with surface-tension measurements on solutions of chemicals of known 
structure in several nonaqueous solvents. The data in tables VI, VII, 
and VIII were collected to provide a background f or the selection of 
nonaqueous surface-tension depressants from a large number of commercially 
available surface-active materials. 

Table VII represents an extension of this exploratory work on the 
surface-tension depression of nonaqueous solvents into the field of 
connercial surface-active agents. 

In aqueous systems, surface-tension depression caused by the addi-
tion of surface-active material is generally accompanied by a reduction 
in interfacial tension against oil. A low interfacia..l tension is gener-
ally regarded as essential to easy emulsification. Inasmuch as glycerol 
and. the glycols are similar to water in their molecular association, it 
was considered probable that a similar lowering of interfacial tension 
would be caused by substances which depress the surface tensions of 
these polyhydric alcohols. Table VIII presents experimental data indi-
cating the relation between surface- and interfacial-tension lowering 
for solutions of two surface-tension depressants In glycerol. 

Table IX lists a number of effective a.ntifoazas of types 3 and. 11-, 
together with their foam-test ratings. Table X lists a number of agents 
found ineffective by foam tests. The tests suarized in tables IX 
and. X are reported in detail in references 14' to 10.
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DISCUSSION 

Single-Constituent Eniulsified Antifoa2ns (Type i) 

Study of table II reveals that only one entirely satisfactory 
antifoam of this type has been found, namely, Dow Coming Fluid Type 200 
(presumably . a mixture of polymers of different molecular weights). This 
additive is unique in that It combines extremely low surface tension nd 
low solubility In all military aeronautical lubricating oils with non-
volatility and seif-dispersibility. Its emulsions in oil, however, are 
not indefinitely stable. In an early experiment, an oil (Gulf 120) which 
had been rendered completely nonfoaming by the addition of 0.01 percent 
Dow Coming Fluid was set aside in a bottle for 3 months. At the end of 
that time, a sample was taken from the top of the bottle and retested 
for foaming. It was then found that the antifoaming effect was much 
less pronounced (grade C) and that agitation of the bottle was necessary 
to redisperse the additive and. to cause the reappearance of complete 
defoaming.	 - 

A simple criterion has been provided by this report to guide the 
search for other efficient and more economical antifoame. The main 
stunibling block to such a development Is the acute lack of surface-
tension measurements on organic liquids likely to be insoluble in lubri-
cating oIl. Such informatIon as exists in the literature is widely 
scattered and. mostly confined to compounds of moderate or high oil solu-
bility. A few surface-tension measurements have been made in this 
laboratory (see table I) and may be useful in focusing attention on the 
potentialitles of certain types of organic compound. The following 
observations are drawn from the data of table I: 

(1) Approximately one hydroxyl group to four carbon atoms is 
required in alcoholic compounds to avoid high oil solubility. 

(2) Polyhydrlc alcohols are highly associated as evidenced by 
their high surface tensions. 

(3) Polyhydric alcohols can be esterified. with oil-soluble fatty 
acids in order to promote oil emulsification and to obtain oil-insoluble 
esters having surface tensions lower than that of lubricating oil. In 
general, the use of oleic or naphthenic acids appears to cause excessive 
oil solubility. 

(14 ) Polyhydric alcohols may be replaced by mixed alcohol-ketones 
or mixed alcohol-ethers In the foregoing esterificatlon. 

(7) Mixed esters of polyhydric alcohols, fatty acids, and phos-
phoric acids may be made, the phosphate (or pyrophosphate) group 
reducing oil solubility.

0
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Data on the solubilities of ad1itives in one type of hydrocarbon 
oil apparently camiot validly be applied, to another type. Table I shows 
that additive solubility is d.ifferent in two hydrocarbon oils of widely 
divergent chemical constitution. Furthermore, evidence exists which 
supports the belief that solubilities vary markedly even in a series of 
aircraft lubricating oils. Previously reported foam tests have indicatad 
that antifoame which are quite effective for one aircraft lubricating oil 
may be totally ineffective for another despite the fact that the surface 
tensions of the two oils are equal. 

A study of table II reveals three cases of grade C d.efoaming at 
room temperature despite the solubility data indicating that these addi -
tives are soluble at this temperature. This phenomenon is presumed. to 
result from high oil viscosity, which renders the rate of solution of the 
additive very slow. In each of these cases, the foam testing was by a 
rapid. but crude evacuation method. (long since discarded) and. has never 
been rechecked by other test methods. The defoazning effect shown by 
2'-nitrobutanol-1 can be explained, only on the supposition that the sus-
pended material visible in the sample is the actual d.efoaming agent, 
since the surface tension of the mixture is high. 

Table I lists only a few of the possible complex esters, yet it Is 
noteworthy that many of these have surface tensions lower than that of 
lubricating oil. Furthermore, soe of these esters exhibit definite 
defoaming action at 1000 C, as shown in table II. 

Pntifoame in Which an Oil-Insoluble Constituent of Low Surface 


Tension Is Combined with an Emulsifying Agent (Type 2) 

As in the case of single-component antifoanis, the development of 
satisfactory type 2 antifoame depends on the discovery of oil-insoluble 
compounds of high boiling point and. low surface tension. In this case, 
however, the restrictions are less severe inasmuch as self-emulsificatiai 
is not required.. Thus silapie compounds, such as butyl cellosolve, may 
be utilized. In combination with a wide variety of commercial emulsifying 
agents. Table III lists a number of coanercially available chemicals 
which show promise as the Insoluble constituents of type 2 antifoanis. 
It should. be noted. that this table also contains some complex compounds, 
such as diethylene glycol mon&leate, which exhibit some action as type 1 
antifoains. (See table II.) Conceivably, the antifoaming action of these 
compounds might be improved. by better emulsification achieved. by the 
addition of emulsifying agents. 

Table IV presents the results of a few foam tests on type 2 
emulsified. antifoame, compounded. from oil-insoluble compounds lIsted. in 
table III and. commercial emulsifying agents. Table ri, in comparison 
with table II, indicates that type 2 antifoams are of definite practical 
significance and, furthermore, that type 1 antifoams are of limited. 
d.efoamlng action; for example, diethylene glycol monöoleate can be 

S
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greatly improved by the addition of an emulsifying agent. Cases of anti-
foam failure due to solubilization caused by the emulsifying agent are 
not infrequent. The use of oil-soluble emulsifying agents is, unforbu-
nately, necessary inasmuch as emulsions are desired in which the oil is the 
continuous phase (Bancroftts rule). Solubilization, however, can often 
be minimized by a change in the concentration of the emulsifying agent 
used or by suitable selection of the emulsifier. 

nu1sifying agents may be selected which do not seriously lower the 
surface tension of lubricating oil. (See table V.) Soaps are particularly 
interesting in view of low cost, chemical stability, compatibility with 
lubricating additives, and proved success. (See zinc palmitate, table Iv.) 
In general, the soaps exhibit low oil solubility, but their solubility 
may be greatly increased by the addition of small amounts of free fatty 
acids.

Antifoaams in Which an Oil-Insoluble Constituent of High 

Surface Tension is Combined with a Surface-

Tension Depressant (Types 3 and 1l) 

Although type Ii. antifoam are more complex than type 3 in that the 
further addition of an emulsifying agent is required, both types are 
similar In that they require surface-tension depressants. The experimental 
data reported in table VI indicate that the surface tensions of highly 
associated compounds insoluble in lubricating oil (for example, glycerol, 
glycols, and triethenolamine) may be greatly depressed by the addition a 
small amounts of many simple agents. On the other hand, depression of 
the surface tension of compounds already possessing low surface tensions 
(such as 2-methyl pentanedIol-2, Ii-; diacetone alcohol; acetonyl acetone; 
and butyl carbitol) is difficult. The data in table VI suggest that 
alkyl compounds possessing alcohol and amine functional groups should be 
effective as surface-tension depressants for the polyhydric alcohols. 
Table VII represents an extension of this search for surface-tension 
depressants into the field of highly surface-active agents of more complex 
chemical composition. 

Many of these compounds cause sufficient surface-tension depression 
for practical defoaming of lubricating oil at concentrations as low as 
2 percent of the total additive. However, many substances effective.as 
surface-tension depressants have appreciable oil solubilities. When the 
compounded additive is dispersed In lubricating oil, the surface-tension 
depressant is distributed between the oil and the additive phases. The 
results of this distribution may be to deplete the additive phase to the 
extent that surface-tension depression is insufficient, to lower the 
surface tension of the oil phase below that of the additive phase, or to 
do both.
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The economic advantage of using very low total additive concentrations 
(of the order of 0.1 percent) in oil enhasizes the necessity of using 
surface-tension -depressants much more soluble in the additive phase than 
in the lubricating oil.. Otherwise, the surface-tension depressant is lost 
into the oil. Depending on the distribution coefficient of the surface-
tension depressant, a somewhat larger amount Of it. is generally necessary 
than Is required. to cause the desired. surface tension of the additive. 
The surface-tension depressant in the additive may likewise be expected 
to lower the surface tension of the oil to some extent. However, inspec-
tion of table V reveals that even, a 0.127-percent solution of Aerosol OT 
(a good surface-tension depressant for polyhydric alcohols) in the oil 
causes a reduction of only 1.11. dynes per centimeter in the surface 
tension of the oil. 

The migration of a fraction of the surface-tension depressant to 
the oil phase may even be necessary for the proper emulsification of 
ty-pe 3 antifoams. Table VIII indicates that surface-tension depressants 
for the polyhydric alcohols also cauBe reduction of the interfacial 
tension against lubricating oil. Although low Interfacial tension is 
essential to easy d.ispersion.of an antifoaia, low interfacial tension does 
not in,ply emulsion stability. The fraction of the surface-active agent 
dissolved in oil may, well function as an emulsifying agent for the addi-
tive phase. In this connection, the calcium and lead salts of Aerosol OT, 
which favor the water-in-oil type of emulsion, exhibit good d.efoamlng 
effects at lower concentrations in glycerol than in the case of the sodium 
salt, which slightly favors the oil-In-water type of emulsion. 

If every surface-tension depressant Isbifunctional in nature, there 
is no real basis for a separate classification of type 3 and type 4 anti-
foame. however, at least one additive compounded of glycerol and an oil-
Insoluble surface-tension depressant has been discovered which exhibits 
a surface tension lower than that of lubricating oil but which has no 
defoaming action (that is, iuonoleyl d.ipolyglycol 0-phosphate, tables I, 
VII, and x). Q.uite possibly, the addition of an oil-soluble emulsifying 
agent is indicated as essential. kiother case which probably should be 
classified as a type 14. antlfoan is the Aerosol-OT - glycerol - trieth-
anolamine oleate defoamer. In this case, the eodiuin salt (Aerosol OT) 
favors the oil-in-water type of emulsion. ntifoazn1ng action is definitely 
improved by the addition Df triethanolamine oleate, which presumably acts 
as an aid to formation of emulsions, of the water-in-oil type. 

Table IX presents a list of effective antifoams known to be either 
type 3 or 14.. The experimental work has not progressed to the point where 
correlation of f.oam tests and. the surface tension of each phase can be 
made.
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CONCLUDING REMARKS 

Effective antifoane for lubricating oils, that can be used in 
concentrations as small as 0.1 percent, have been shown to be most 
probably of the inso1ule emulsified type. 

Insoluble emulsified antifoame should Jiave a surface tension lower 
than that of the Oil and. must fonn stable emulsions in it, in addition 
to. fulfilling certain other requirements. 

The antifoaming ability of substances can be predicted with a high 
degree of correlation from simple measurements of surface tension and 
solubility ann. with accuracy from more complex measurements. 

The number of substances and mixtures which can fulfill the 
requirements for effective antifoaam9 appears to be potentially large. 
Data have been accumulated. which may serve as a guide in desiguing the 
molecules of antifoam constituents. 

Stanford. University 
Stanford University, Calif., September 1, 19
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TABLE I.- StFACE TENSION, 0Th S0LUBILITY, AND BOILING POINTS 


OF VARIOUS ORGANIC SUBSTANCES 

1 Uncorrected	 Solubility of 1-percent 
Boiling concentration surface ten-	 (a) Substance point 

(oC)
8ion at room	 BAN mineral oil	 Aeroshell 2O emperature Temperature (dynes/cm) Ro	 I	 C	 I	 Room I 103° C 

Alcohols _______________ _______ _________ ________________________________________________ 
Ethanol 78 3O.1 I -

_______ 
______ 

Butanol 118 26.1k I 
Hexanol 28.3 S 

Octanol 27.8 S 
Decanol 30.6 S 
Dodecanol 31.0 5 

2-Methyl pentanediol-2, I 196 31.2 I I I 
2-Ethyl hexanediol-1,3 32.2 S 
Ethylene glycol b197 51.1 I I 

Diethylene glycol c2i5 7 .0 I I 
Polyethylene glycol .3 I I 
Glycerol 290 55-63 I I I 

2-Nitrobutanol-1 'i.' I I 
2-Amino 2-methyl propanol-1 35J I 
2-Amino 2-ethyl propanediol-1,3 11J1 ________	 _______ S S ______ 

Ketones and mixed alcohol-ketones 
Diacetone alcohol 165	 31.14 I I I 
Acetonylacetone _________	 38.0 I I I 

Ethers and mixed alcohol-ethers 
if exyl ether 27.9 5 
Butyl cellosolve 171 3].0 S S I I 
Butyl caa-bitol 231 32.8 5 S I I 

Esters______________ _______ ________ ______ _______ 
Propylene glycol nionolaurate 314.0 S 
Propylene glycol dirtcinoleate 38.0 S 
Diglycol laurate 32.6 S S I I 

Diethylene glycol mon5oleate 314.0 I 
Diglycol dinapthenate 314.8 S S S 
Nonaethylene glycol nionöoleate 35.7 S 

Glyceryl nionboleate 33.3 5 
Glyceryl monoricinoleate 38.0 I I 
Glyceryl dioleate 314.5 S S S S 

Mannide monóoleate 32.0 S S S S 
Sorbitol dilaurate 33.6 S I S 
Butyl cellosolve laurate 32 .0 5 

Carbitol maleate 140.1 I I 
N-dibutyl phthalate 35.6 5 
Glycol bori-borate _______ 1#7.O S S _____ - 

Phosphate_eaters _______ ________ ______ 
Ethyl phosphate 216 31.8 I I

______ 

Ethyl oleyl glycol 0-phosphate 314.3 I I I 
Diethyl laurylamido phosphate 31.5 I S 

Monooleyl dipolyglycol 0-phosphate 32.5 S I I 
Tetraoctyl pyrophosphate 33.7 I I 
Dioctyl stearylamine pyrophosphate (d) S S 

Octyl trlpoiyphosphate (d.) I I 
Trioctyl tripolyglycol tetrapoly-phosphate 29.14 S S 1 I 
Phosphated stearylamine (d) ______ [	

S I S
aS indicates more than l-perent soluble; I, less than 1-percent soluble. 

c250 
dSolid.
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TPBLE I . - SURFACE TENSION, OIL SOLtTBILITY, AND BOILING 

POINTS OF VARIOUS 3RGPNIC StIBSTPNCES - Concluded 

Uncorrected Solubility of 1-percent 
Boiling surface ten- concentration 

Substance point 
( 0 0)

sion at room 
temperature

(a) 
BKH mineral oil 	 Aeroshell 120 

Temperature (dynes/cin) Room	 1000 C j	 Room 100° C 

Vegetable oils 

Olive 'oi1 35.6 S 
Castor oil 38.0 I 
Sulfonated 

castor oil (e) I 

Turkey red oil 33.6 S 

Silicon compounds 

Ethyl silicate 166 26.ii 
Castor oil 

silicate 37.6 
Glyc eryl 

silicate 36.2 

Dimethyl silicone 
monomer 21.6 

Dow Corning Fluid 
Type 200 23.1k 

Conmiercial surface-active agents 

Span2O 30.0 S S 
Anhydrous 

Wettal 30.2 S 
Tween 8 37.8 I I 

Morpeloll L55 35.6 I I 
Sapanine MS 32.5 I 
Penetrol 60 36.ti- I I 

Naccolene F 27.7 I I 
Airoriol 

(100 percent) 33.0 I I 
Oronite wetting 

agent (d) I I

as indicates more than 1-percent soluble, I, less than 1-percent 
soluble. 

eSemisolid
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TABLE II. - SFACE TSION AID OIL SOLUBILITY 

OF SINGLE-CONSTITUENT ANTIFQANS MiD TEETh 

TT ON FOM4ING OF LUBRICATflIG OIL 

[Foam-test data from references 11. to io] 

Ui' Foam-test	 ade[ 
(a) (b) 

SingLe-constituent antifoa.m surface 
tension 

(dynes/cm) Epom	 Il000 C Room 100	 C 

Ineffective additives 

Glycerol 55-63 E I I 
Glycol bori-borate 11.7.0 D Sc Sc 
Diethylene glycol 47.0 E I I 

2-Amino 2-ethyl propaiaediol-1,3 44.4 E S 
Carbitol maleate	 . 140.1 E i I 
Glyceryl monoriclnoleate 38.0 E I 

Tween 80 37.8 E,D IC 1C 

Castor oil silicate 37.6 E I 
Nonaethyleue glycol manole ate 35.7 F Sc 

2-Amino 2-methyl propanol-1 35.11. E i 
Propylene glycol monolaurate 34.0 D SC 
Glyceryl monöoleate 33.3 F Sc 

Effective additives 

d.2Nitro butanol-1 41.4 B. F I I 
Diglycol d.inaphthenate 34.8 C E S S 
Glyceryl dioleate 34.5 C F s S 

Ethyl oleyl glycol o-phoephate 34.3 B I I 
Diethylene glycol monöoleate 34.0 C IC 

Tetraoctyl pyrophosphate 33.7 B C i 1C 

Sorbitol dilaurate 33.6 A E I S 
Diglycol laurate 32.6 A C I I 
Mannide monôoleate 32 .0 C E S S 

Sapamine MS 32.5 A 
Ethyl phosphate 31.8 A D I 
Diethyl laurylamido phosphate 31.5 A E I I 

Monöoleyl d.ipolyglycol o-phosphate 29.4 A II I 
Trioctyl tripolyglycol tetrapolyphosphate 29.11. D C I I 
Naccolene F 27.7 B . IC 1C 

Ethyl silicate 26.11. A C I 
Dow Corning Fluid Type 200 23.4 A A I I 
Dimethyl silicone monomer 21.6 B C I I

5The foam-test grades have the following siiificance: 
A Only traces, or no foam 
B Foaming reduced to approximately 1/5 of original 
C Foaming reduced to approximately 1/3 to 1/2 of original 
D Foaming reduced by less than 1/2 of original 
E No effect 
F Foam stabilized 

b5 indicates more than 1-percent soluble; I, less than 1-percent soluble. 
CMineral oil used as solvent; no data on Aerosheli 120. 
dAppe i'ance of sample indicates that it Is highly impure. 
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TABLE III . - SUBSTANCES SUITABLE AS 

INSOLUBlE CONSTITUENTS OF 

TYPE 2 ANTIFOANS 

Substance 

_______________________

Uncorrected. 
surface ten-
sion at room 
temperature 

(d.ynes/cni)

Boiling 

(	 C' 

Butyl ceflosolve 31.0
________ 

111 
Butyl carbitol 32.8 231 
Diacetone alcohol 31.14. 166 

Diinethyl silicone 
monomer 21.6 

2-Methyl 
pentanediol-2, li- 31.2 196 

Naccolene F 27.7 

SapanIne MS 32.5 
Trioctyl tripolyglycol 

tetrapo1rphosphate 29 .14 
Diethylene glycol 

monoleate 314.0. 

Ethyl phosphate 31.8 216 
Ethyl silicate 26.14 i66
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TABLE TV . - PESTJLTS OF FOAM TESTS 


ON TYPE 2 ATIFOAMS IN 

AEIROSHELr 120 

___________________ • Foam-test 
grade 

Insoluble Emulsifying (1) 
component agtit Temperature 

Room .1000 C __________________ 

Butyl carbitol Tergitol 
Penetrarit 11. wax D 

Lead Aerosol OT A 
Diethyl lauryl 2 

A—)E amldo phosphate 

• Butyl cellosolve Tergitol 
Penetrant 11. wax B 

Lead Aerosol OT A 

2-Methyl - 
pentanediol-2, 11. Cationic Agent C3 

Zinc painLitate A B 

Sapaniine MS Calcium Aerosol OT A 
Aerosol OT	 . A A 

Diethylene glycol
.A A4E mon3oleate Aerosol 0T

1The foamtest grades have the following siiificance: 
A Only traces, or no foam 
B Foaming reduced to approximately 1/5 of original 
C Foaming reduced to approximately 1/3 to 1/2 of 

original 
D Foaming reduced by less than 1/2 of original 
E No effect 
F Foam stabilized 

2Emulsifyiig agent solubilizes otherwise insoluble 
component. 

3mis emulsifying agent is volatile at 100 0 C. It 
solubilizes 2-methyl penta.nediol-2, 14 to a consider-
able extent and. causes lowering of the surface tension 
of the oil. 

'Probably also lowered the surface tension of the oil 
from 314.0 dynes per centimeter. 
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TABlE V . - SURFACE TENSION OF AROSflLL 120


COI1TAINflTG DISSOLVED SUBSTANCES OF


NTST AS CONSTITuENTS OF 

A!IFOAMS 

Uncorrected. 
surface 

Substance Concentration tension 
(percent) at 1000 a 

(ciynea/cm) ________________ 

Zinc palniltate

________________ 

0.000 28.6 
.005 27.9 
.014 27.9 
.028 28.0 
.080 28.1 
.140 28.1 
.280 28.0 

Sodium oleate .000 28.6 
.200 28.3 
.500 28.4 

1.000 28.3 

Zinc palmitate 
contain1n 
20-percent 
oleic acid. .550 28.4 

Aerosol OT .000 a310 

.125 29'.6 
______________ .500 28.2

aAt 80° 0.
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TABLE VI. - SURFACE TENSIONS OF BINARY


MIXTURES OF SIMPLE COMPOUN 

1 Surface tension (dynes/cm) 
Percent solute Compound	 I

1 0 1 2 1 I 8 1 10 1 12 1 151 251100 _________________
Solvent, triethenolamine 

n-Butanol 50.0 46.6 42.0 40.2 41.0 38.0 26.4 
n-Hexanol 36.5 37.0 37.2 37 . 5 35.2 28.3 
n-Octanol 39.0 34.2 35 . 3 32.0 34.8 28.7 

n-Decanol 33.0 32.3 32.2 32 .1 32 .2 30.6 
n-Dodecanol 33.0 32.8 32.6 32.3 32.2 31.0 
Cetyl alcohol (i) (2) 

Capric acid. 47.2 46.0 43.9 1i.0 40.6 (2) 
Caprylic acid 47.2 43.0 39 . 9 39 . 7 37.5 30.8 
Oleic acid 35.2 34.1 33.0 32.2 35.2 34.5 

Palmitic acid 41.5 39.0 38.7 38.5 38.0 (2) 
Ricinoleic acid. 38.0 38.0 38.0 38.3 37.5 37.5 
Stearic acid 42.2 43.0 44.5 56.2 (i) (2) 

Eydrocinnaaic acid 50.3 50.2 50.0 49.8 46.0 (2) 
Lauryl sulfonic acid 40.0 (2) 
Toluene suifonic acid 51.0 (2) 

Nacconol NB suifonic acid 38.0 36.0 33.8 33.4 33.3 33.0 
Butylantine 35.4 35 . 0 34.2 33 . 7 33.5 26.0 
Heptylamine 40.0 39 . 7 38.0 37.2 37.7 28.5 

Octylanine 37.8 35.5 35.8 35 . 5 34.5 29.0 
Diamylaznine 42.0 41.0 35 . 3 33 . 0 30.0 25.5 
Diethylene triam.ine 46.5 46.0 44.0 37.6 40.3 44.0 

Aniline 50.0 11-9.4 49.0 49.0 48.8 43.5 
13-Naphthylaml.ne 51.0 51.0 50.5 (i) (2) 
a.-Ainlno diphenyl 50.5 49 . 9 49.5 49.5 49.0 (2) 

Solvent, diethylene glycol 

n-Butanol 47.0 40.5 35.8 30.2 29.6 28.6 26.4 
n-Hexanol 40.2 38.4 36.2 33 .5 35.1 28.3 
n-Octaaiol 36.5 34.2 35 .7 34.6 33.7 28.7 

n-Decanol 36.0 34 . 0 32.3 32.6 31.7 30.6 
n-Dodecanol 34.0 32.2 32.0 31.9 32.0 31.0 
Cetyl alcohol (1) (2) 

Solvent, glycerol 

2-Methyl pentanedioi-2,4 55.0 51.0 6.o 41.0 37.6 34.8 31.2 
2-Ethyl hexanediol-1,3 34.0 34.0 34.0 32.2 
2-Anino 2-nethyl propanol-1 52 .0 47.0 35.0 

2-Amino 2-methyl propanediol-1,3 63.0 
2-Amino 2-ethyl propaned.ioi-1,3 45.7 43.0 43 . 0 46.0 
Acetamide 60.0 59.0 58.0 (2) 

Aerosol OT 31.3 0.5 30.6 30.4 29.5 (2) 
Aerosol AY 33.0 32.o 31.4 31.0 (2)
'Insoluble. 
2Soljd
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TABLE VI. - SU1FACE TENSIONS OF BINARY MIXTUR]


OF SIMPLE COMPOUNDS - Concluded. 

Surface tension (dynes/cni) 
Compounds Perc nt solute 

2
J	

) 8	 r 10 15 25 1100 

Solvent, d.iacetone alcohol 

Ethanol 31.11 32.3 32. l.t. 32.7 31i. .l 33.8 32.9 3Q.1. 
n-Butanol 32.li 32.1 31.5 31.5 30.5 26.i. 
n-Eexanol 33 .0 32 . 5 32 .1 32 .0 31.9 28.3 

n-Octanol 31.8 31.5 3l. I 31.0 31.0 28.7 
n-Decanol 31.7 31.5 3l. I 31. Li 3l.4 30.6 
n-Dod.ecanol 3l.l 31.3 31.3 31.3 31.1 31.0 

Cetyl alcohol 31.5 31.5 31.3 31.5 31.5 (2) 

Solvent, acetonylacetone 

Ethanol 38.0 37.3 26.8 3O.1. 
n-Butanol 35.11W 31.0 26.L 
n-Hexanol 31-.6 32.11- 28.3 

n-Octa.nol 31.7 33.2 28.7 
n-Decanol 35.3 311-.O 30.6 
n-Dodecanol 35.11- 314.2 31.0 

Butylamine 36.11. 311.2 28.7 28.14. 28.2 26.0 
Heptylanine 36.7 36.6 35.7 35.0 311-.1- 28.5 
Octylanine 36.8 36.7 35.5 31.9 33.9 29.0 

Diamylanine 36.11. 35 . 0 31.1 32.7 31.1 25.5 
Aniline 36.5 36.7 37.2 37.2 38.2 

Solvent, 2-methyl pentaned.iol-2, l1-

n-Hexanoi 31.2 31.0 31.0 28.3 
n-Dodecanol 31.6 31. 11 31.1 31.1 31.3 31.0 
Cetyl alcohol 31.9 31.9 31.9 31.3 31.0 (2) 

Octylamine 31.2 29.0 
Oleic acid 31.11. 314.5

2Solid
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TABLE VII. - SUBFACE TENSIONS OF MLxTUS CONTAflDG


COMPLEX StThSTANCS 

Surface tension (ynee/cm) 
Percent solute Mixture

OI211. 151 8 1 10 1 15	 1 25 1 50 1100 ______________

Solvent, glycerol 

Butyl ceflosolve laurate 8.0 112 .5 11.0.5 39.0 37 .1 37.0 32 .0 
Diglycol laurate 31.8 30.8 (1) 32.6 
Nonaethylene gJ.ycol monolaurate 37 .0 36.6 36.5 36.14 36.2 35.7 

Propylene glycol nionolaurate (1) 314.0 
Propylene glycol diricinoleate 11.7.0 li14.6 11.6.0 11.6.9 11.7.0 38.0 
Glyceryl mon6oleate 33.3 33 . 3 33.0 33.0 33 .0 33.3 

Glyceryl dioleate 36.6 36.0 36.0 36.0 35.6 314.5 
Glyceryl monoetea.rate (1) (2) 
Mannid.e mono1eate 33.2 33.0 32.6 32.6 32.5 32.0 

Sorbito].	 i1aurate 32.0 32.0 31.5 32.0 32.0 33.6 
Octyl tripolyphosphate 33.5 31.0 32.5 (2) 
Trioctyl tripolyglycol tetrapoly-

phosphate 32.1 31.7 30.8 29.11. 

Phosphorated. stearylsmine 33.0 (1) (2) 
Diethyl laurylamid.o phosphate 32 .0 32 .0 31.6 
Diethylanino ethyl phosphatid.ic 

acid. 311. .0 35.0 37 .0 311. .0 

Monöoleyl d.ipolyglycol o-phosphat 30.5 31.0 32 .0 32.0 
Ethyl oleyl glycol 0-phosphate 311. .0 311. .0 311. .0 314.3 
Morpeloil 1455 39.0 37.0 36.0 36.0 35.6 

Naccolene F 140.0 35 .5 36.5 36.5 35 . 5 (1) 
Alronol (100 percent) 31.5 31.5 31.5 33.5 
Glyceryl silicate 38.0 38.5 38.3 37 .5 37 .9 36.2 

Glycol bori-borate 55.0 51.0 147.2 147.0 

Solvent, triethanolsine 

Igepon A 50.0 38.0 36.0 314.5 36.0 36.5 (2) 
Hytergen (1) 
Glyceryl nionoricinoleate 38.5 39.11. 38.11. 38.7 38.7 38.0 

Diglycol dinaphthenate 39.7 38.8 37.7 37.0 36.8 314.8 
Diethyl laurylaniid.o phosphate 33.0 33.0 32 .6 32 .0 
Cyclopon A Extra (1) 

Span 20 32.3 32.0 32.5 30.0 
Oronite wetting agent 39.3 37.0 35.5 314.8 314.2 (2) 
Naccolene F 35.0 33.0 30.8 30.5 29.5 27.7 

Igepon T (1) 

Solvent, acetonylacetone 

Span 20 37.0 33.7 32.7 33.0 33 .5 32.2 30.0 
Diethyl laurylamid.o phosphate 0 36.5 35.7 35 . 0 314.7 

Solvent, diacetone alcohol 

Diethyl laurylaznid.o phosphate 31.14 31.14 31.3 31.14 31.3 
Span 20	 . 32 .0 32 .0 2 .6 33.2 32 .2 30.0 
Cationic Agent C 32.9 33.8 30.5 (1) (2)

'Insoluble. 
2Solid
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TABLE VII . - SURFACE TENSIONS OF MIXTURES CONTAINING 


COMPLEX SUBSTANCES - Conclud.ed. 

Surface tension (d.ynes/cm) 
Mixture Percent solute 

2
j	

1 8 10 15
J	

25 50
J	

75 100 

Solvent, butyl carbitol 

Mannide monöoleate 32.3 32.8 33.0 33.0 32.9 
Sorbitol dilaurate 32.5 32.8 32.8 33.0 32.9 
Diethyl laurylanLid.o 

phosphate 27.7 27.9 28.0 28.0 

Span 20 33.0 33.0 33.0 33.0 
Naccolene F 32.7 32.0 31.8 31. 

Solvent, 2-methyl pentanediol-2,l. 

Igepai CTA 31.2 32.8 33.6 
Diethylene glycol 

monöoleate 32.0 32.8 
Catylon D 31.6 
Aquasol AR 

(75 percent) 31.6 
Triton X-lO0 31.3 

Solvent, diethylene glycol 

Diethyl laurylaiido 
phosphate 11.7.0 33.2 33.2 32.7 32.9 

Spsn 20 32.5 32 . 5 32 .0 32 .0 30.0 
Naccolene F 32.5 29.8 28.3 28.7 28.2 27.7 

Solent, ethylene glycol 

Naccolene F 31.8 31.3 30.2 29.0 28.8 28.2
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TABLE VIII. - SURFACE TENSIO1NS OF MORPELOIL 155


AND AR0SOL OT IN GLYCEROL AND IWLRFACIAL 


TENSIONS AGAINST ARO]TJ 120

Solute
Concen- 
tration 

(percent)

Uncorrected. 
surface 
tension 

(d.yns/cm)

Interfacial 
tension 

(&vnes/cm) 

Morpeloil 11.57 0.0 75.0 26.7 
i.6 38.9 7.1 

37.0 6.5 

12.5 36.0 2.5 
30.3 36.0 i.8 
56.o 35.9 2.1 

Aerosol OT 0.0 55.0 26.5 
5.0 31.3 3.0 

10.0 30.6 

15 . 0 3O.4- 2.6 
20.0 30.2 ,	 2.4. 
2 5 .0 29.5 2.1 

30.0 29.11. 2.2 
11.0.0 30.0 2.2

29 
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TABLE IX.- FFECTTVE TYPES 3 AND ANTIFOFMS 


[Data from references 1 to 10] 

Foam-test	 ad.e1 
Insoluble constituent Surface-active agent Temperature 

Room 1000 C 

Glycerol Aerosol OT A A 
Aerosol CT plus trieihano1ammoaium oleate A 
Aerosol MA A 
Aerosol lB A 
Calcium Aerosol CT A A 
Lead Aerosol CT A A 
Sodium lauryl sulfate A 
Sodium heptadecyl sulfate A 
Gard.inol WA A 
Alronol (100 percent) D 
Triethamolamm.onium oleate D 
Diethyl laurylemido phosphate A 
Octyl tripolyphosphate A A 
Tetraoctyl pyrophosphate B 

Diethylene glycol Calcium Aerosol OT A A 
Lead Aerosol CT A A 

Triethenolamine Lead Aerosol OT A 
Triethanolacmionium oleate plus Lead Aerosol OT A 

Erythritol Aerosol CT A 

Sorbitol Aerosol OT A 
Tergitol Penetrant 1. A 
Tergitol Penetrant 7 A 
Tergitol 08 A 
Phosphorated. octylamine A. 
Diethyl laurylemido phosphate A 
Octyl tripoiyphosphate A 

Xylitol Aerosol OT	 . A 

Castor oil Aerosol. OT 
Calcium Aerosol CT

B 
A

p2 
F2 

Sulfonated. castor oil Lead Aerosol CT A

3-The foam-test grades have the following significance: 
A Only traces, or no foam 
B Foaming reduced to appro.:cimately 1/5 of original 
C Foaming reduced to approximately 1/3 to 1/2 of original 
D Foaming reduced by less than 1/2 of original 
E No effect 
F Foam ebabilized 

2Surface agent solubilizes otherwise insoluble component.
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