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The physics of foam formation, stability, and pre¬ 

vention are little understood. The variables present are 

probably not fully known, although much has been published 

in the literature on this subject. Surface properties are 

probably among the most important. These include surface 

tension, surface viscosity, and concentration gradients. 

However, these cannot be separated from the properties of 

the bulk liquid, and the concentration gradients' at the sur¬ 

face are intimately bound to the composition of the bulk. 

The permeability of the laminae may or may not be pri- <=— 

mary importance, but should be considered in any complete 

explanation. Little has been reported in the literature on 

the defoamant's physical role. The general technique appears 

to be one of Edisonian research and a report of the general 

properties these inhibitors possess. 

fin 
Urnstatter u has attempted to express foam sta¬ 

bility by means of a modified Stokes Law. This is certainly 

one of the most complete works, as he has taken into account 

the surface tension, surface viscosity, and compression of 

the gas within the bubble. However, the method does not 

permit the effect of defoamants-to be considered. Trapez- 

nikov^^'believes an important factor in bubble stability is 

the ability to close incipient ruptures. This work is qual¬ 

itative, and this factor cannot be included in any mathe¬ 

matical formulation at present. Tourret & White have tried 
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to separate the foaming ability of an oil from its stability. 

They believe that the amount of foam formed depends upon the 

properties of the liquid, whereas the stability depends upon 

the properties of the film. This author is completely in 

accord with their findings on anti-foaming agents, (i.e♦, 

substances will not possess anti-foaming properties unless 

they are relatively insoluble in the oil, capable of forming 

a fine stable emulsion, and have-a lower surface tension 

than the oil). Teitel'baum does not agree with their 

postulates but believes the surface layer alone is the foam 

determining factor. However, his work has been criticized 

54 
by Starobinets, Fisher, & Mll'china^ who consider also the 

47 
bulk liquid to be of great importance. Pozin & Tumarklna 1 

do not think the concentration gradients are important in 

themselves, only in how they effect the surface tension and 

46 
viscosity. Pokhll disagrees with most other authors and 

found-that the stability of foams is conditioned by the 
40 

"island’structure" of the films. Nakashima believes the 

average foam life la the sum of the intrinsic foam life and 

the extrinsic foam lifetime. These cannot be ordinarily 

separated in experimental work. Nakagaki’5 has applied ther¬ 

modynamic analysis to the problem and has arrived at a para¬ 

llelism between foam formation and the energy required to 

remove the unit area of adsorption layer from the surface. 

However, this technique can be used only on very simple 

solutions as the composition is of utmost importance. 

Moyer3*? has ignored the work of others 
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and attempted to relate foaming tendency to viscosity alone. 

oc 
Miles^ has proposed several empirical equations for deter¬ 

mining the foam drainage rates which he believes to be the 

chief stability variable. McBain and Robinson^2 studied 

the surface and bulk properties of the liquids and deter¬ 

mined that the foam stability cannot be accounted for solely 

on the basis of the viscosity* either in the film or in 

the bulk* and the surface tension. However* they do not 

attempt to list the other variables which may enter. This 

is in direct opposition to the work of McBain* Ross* Brady* 

and Abrams^0 who state that the primary factor in foam 

stability is the viscosity. King2^ has found that liquids 

with surface tensions higher than those of common volatile 

solvents are more susceptible to foam propagation. Vapor 

pressure and viscosity are both considered to effect foam 

stability, but not initiation. Hazelhurst and Nevill2^ 

believe that a staisfactory theory for film stability can 

be based on surface structure and cybotaxis at liquid-air 
1 P 

interfaces. Foulk disagrees with this theory and states 

that this is only valid in solutions containing both a 

negatively and positively charged solute. He postulates 

the balanced layer theory of foam stability. Fischer and 
17 Gans discuss the relations of tensions and wetting* con¬ 

tact angles* penetration* adsorption* and dispersion of 

solids. Constable & Reizi^ believe the life of a bubble 

is determined by its radius, viscosity, and final thick- 
O 

ness. Clark & Blackman0 are of the opinion that the 

transfer of gas by diffusion from a high pressure small 



5 
bubble to a low pressure large one is an Important variable. 

Brown ,* Thuman, & McBain^ have also concluded that systems 

with high foam stability contain bubbles with low permea¬ 

bility. The work of Bikerman^ is in agreement with Ray¬ 

leigh's theory of foam; when the amount of free liquid in 

the lamella is too small to have a normalsurface tension, 

damage to the surface is not repaired. McBain, Ross & 

Brady^1 discriminate between the ease of formation of foam, 

the amount of foam formed, and the intrinsic stability of 
il 2i 1 Q 

the foam. Pattle and Gotte discuss the physics of 

fpamipg and breakdown mechanisms. Trapeznlkov^? has 

made a valuable contribution by investigating the influence 

of monolayers of insoluble substances on the stability of 

bubbles. The work of Ewers & Sutherland^ is perhaps the 

most complete with respect to antifoamants. They have 

postulated a new theory of foam stability whereby the trans¬ 

port of substrate accompanying movements of the surface of 

the bubble film is a dominant factor In the stability "of 

foams. The surface moves, under the influence of surface 

tension gradients, from regions of low surface tension to 

regions of high. The surface tension gradients arise from 

disturbances. When surface tension is highest at the center 

of the disturbance, the film is stable. When the surface 

tension is lowest at this point, the surface film, and hence 

the substrate, is moved away from this point and the film 

ruptures. This theory explains the requirements for the 

defoamants: insoluble, lower surface tension than that of 

foaming liquid, and capable of forming a stable emulsion. 
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The defoaraants reported in the literature are 

mostly silicon derivatives. Trautman^, Merten, Reuther 

Sliwinski^, Mamedaliev, Kuliev, .& Mustafaey^, and 

Farber1^, have all found silicon compounds of great value. 

Yillar^1 has investigated theuse of alcohols. Hoffmann21 
I 

found polar additives of value, especially those containing 

the SO^ group. A great number of additives were reported 

by Ross & McBain^. It is the opinion of this writer that 

most of the additives reported other than silicones are of 

little or no value. The majority of contributors to the 

literature believe the additives should be polar. This is 

not at all in agreement with this work. A polar compound 

will in general have a high surface tension. This is un¬ 

desirable since the surface tension of the oil is very low. 

If the surface tension of the defoamant is greater than 

that of the oil, the emulsified droplets will not tend to 

spread evenly over the surface of the bubble. The mechanism 

proposed by Ewers & Sutherland verifies ttyis work> and this 

(as- already-mentioned ) required localized areas of lower 

surface tension to exist. Silicones are non-polar, hence 

have a relatively low surface tension. The polar group in 

itself is of no value, and the resulting surface tension 

of polar compounds makes the majority of these unusable. 

It is of interest to note that many new experi¬ 

mental techniques have been developed and reported in the 

literature. Ross, Barth, & Terenzi^2 have used photo¬ 

electric techniques to measure the specific surface between 

48 phases. Ross has outlined techniques for determining 

the foaminess of liquids both by static and dynamic methods. 
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Ofi Kimizuka, and Sasakic have developed a method for measuring 

surface viscosity. Fischer‘S has described a method for 

determining the dynamic foam tendency. Brady & Ross^ have 

developed an interesting technique for determining the 

foaming ability in a static arrangement. The American 

Society for Testing Materials233 has standardized tech- 

niques for determining the foaming properties of oils and 

surface active agents. In conclusion, it might be said 

that most of the foam measuring techniques are still not 

reproducibleto the degree that most other physical 

properties are. 

The literature abounds with reviews on '^oams and 

defoamants. Dervichian & Lachampt^2 discuss wettability 

10 
and foaming. David has -published a review on additives 

ll 53 
in general. Dervichian and Rozenfel 'd^ stress the 

presence of a surface active material in foam systems. 
62- 

Woods & Robinson review anti-foamants for use In air 

craft lubricating oils. Nakagaki^, Ross^1, and Ambrose 

& Trautman1 have published reviews on anti-foamants of 
"> Py CO Oft 

all types. Booser , Hoyningen-Huene , Kuebler* , & 
pit 

Kadmer have discussed lubricating oil additives for all 

purposes. Kalichevsky2^ has reviewed silicon compounds 

as defoamants. Phillip^ has published a patent literature 

review on defoamants. Ohl^", Imuhori2^, Lachampt & Dervichian 

29, Nakagaki^, Paquot^^, and Ohman^2 have published reviews 

on the'properties of foams as well as inhibitors. These 

reviews are of great value as they permit a quick survey 

of the work to date to be made. 
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SUMMARY 

The foaming properties of four oils were in¬ 

vestigated to determine the physical role of insoluble 

anti-foamants. Silicone additives were used for. this 

determination, and the foaming ability of the oils was 

studied as a function of temperature, temperature history, 

concentration and particle size of additive, solubility of 

the additive, physical properties of the oil and the addi¬ 

tive, and electro-static effects. 

The nature of the inhibiting action was inves¬ 

tigated by means of high speed motion pictures. Magnifi¬ 

cations up to 200x and camera speeds up to 5000 frames per 

second were used in this study. These pictures clearly 

show the action of the antifoamant in decreasing the 

frothing ability-of the oils. 

Many other compounds were -bested as potential 

antifoamants. It was found that in all cases, failure 

to act as a defoamant could be predicted from the surface 

tension of the compound. 

A theoretical approach has been made which 

justifies the "spreading coefficient" parameter as a 

qualitative measure of the effectiveness of an additive. 

Application of the Navier-Stokes equation to the liquid 

within the lamina has resulted in a correlating parameter 

which has been experimentally verified. 
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MATERIALS 

The oilti used in this investigation were 

supplied by the Texas Company, The physical properties 

of these oils can be found in Table I. These samples 

varied considerably in their foamingabilities from 

extremely profoamant to non-foaming at room temperature. 

Dow Corning 100 c.s. and 1000 c.s. silicones 

were used as a defoamant. Theother compounds which are 

listed ±n Table III and tested as defoamants were supplied 

by the Dow Chemical Company. 
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EQUIPMENT 

In order to evaluate the foaming of oils and 

the action of antlfoamants under various conditions, a 

study was made of mechanical and aeration type foam 

generators. An aeration type foam generator employing 

a porous disc was chosen on the basis of ease of operation 

and reproducibility of results. Special double wall 

glass containers 5 cm. inside diameter and 62 cm. high 

were constructed for the foaming tests. A large cons¬ 

tant temperature bath with pumping facilities provided a 

source of liquid to be pumped through the jacket of the 

container, thus permitting accurate temperature control 

of the oil inside. The oils were aerated by nitrogen 

flowing at a rate of 0.36 cubic feet per hour through 

the cylindrical porous disc. 

The photomicrographs were made with an Exakta 

35 mm. camera, and a Fastax 16 mm. high speed motion 

picture camera (Model WF-4). An American Optical Co. 

microscopic attachment was used in conjunction with 

E. Leitz Wetzlar lenses. The sample container used for 

these studies was a small lucite container constructed 

specifically for this purpose, containing a small porous 

disc for aeration. 

The surface tensions and interfacial tensions 

weredetermined by means of a Cenco-du Nouy Model 7045 

tensiometer. A Brookfield counter rotating mixer (Model 

L-463) was used in preparing the finely dispersed inhib¬ 

itor,- in-oll emulsions. 
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The chromatographic analysis of the oil was 

made with a column 4.5 feet long and one and one-half 

inch inside diameter packed with activated alumina. 

Carbon tetrachloride was used as the elutent. 
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In order to evaluate the influence of temperature, 

physical properties of different oils, and concentration of 

silicone on the foaming properties of the oils, a series of 

foam tests were carried out in which a measured volume of 

oil was aerated by nitrogen flowing at a fixed rate through 

a porous stone. The temperature was maintained at a desired 

level by flowing liquid through the jackets of the oil 

containers. If silicone was to be added, a solution of 

silicone in n-pentane (0.1$) was added to the oil while 

stirring in a special high-speed stirrer. The results 

of these measurements ares 

Oil 528- Samples containing 0, 0.5* 1»0, 2.0, 2.5* 

5, 10, and 20 ppm of silicone were aerated over the tem¬ 

perature range of 20°C to 120°C. At 20°C, none of the 

samples produced foam; however the bubbles were much 

smaller than in those with silicones (0.5 - 3.0 mm, in 

diameter ascompared to 5.0 mm with silicones). At 60°C, 

the sample without silicone began foaming. At79°C, the 

0.5 ppm sample began to foam. The number of bubbles float¬ 

ing in ~the liquid decreased and the size of the bubbles 

increased with increasing silicone content. At 97°G small 

bubbles began collecting on the surface of the liquid in 

the other samples. At 100°C, all samples were foaming, the 

foam height being approximately 2.5 times the liquid height. 

There was a slight increase in foam height with increased 

silicone content. As the temperature was further increased, 

the foam height slowly dropped in all samples. The samples 
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were then slowly cooled while aeration continued. At 

45°C, the oil containing no silicones had noticeably less 

foam than the samples containing silicone. There was no 

observable difference in those samples containing silicone. 

The addition of 0.05 ppm of silicone to these samples broke 

the foam immediately. 

Oil 702 - The oil produced a stable foam at room 

temperature. Samples containing 1, 5 and 20 ppm of sili¬ 

cone did not. As the temperature was increased, the foam 

height in the virgin sample decreased until foaming ceased 

at 43°C. At 102°C all samples began foaming and the height 

Increased with increasing silicone content. The oils were 

then slowly cooled. Foaming increased in all samples as 

the temperature dropped. At 40°C, the oils containing 

silicones were foaming vigorously whereas that without was 

foaming only slightly. 

Oil 555 - Samples containing 0, 1, 5* and 20 ppm 

silicone foamed at 20°C, the silicone being an active foam 

promoter. The heights decreased on heating, the foam dis¬ 

appearing at approximately 85°C in all samples. The heights 

on cooling were approximately the same as on heating. The 

addition of approximately two per cent silicone inhibited 

foaming at room temperature in this oil, but the oil be¬ 

came pro-foamant at 45°C. 

Oil '529 - Samples containing 0, 1, 5 and 20 ppm of sili¬ 

cone did hot foam at 20°C. At 103°C the virgin sample be¬ 

gan foaming. After remaining at T10°C for one hour all sam¬ 

ples began foaming. On cooling the foam height diminished, 
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the sample without silicone having a. noticeably lower foam 

height. 

In order to gain a better insight into the above 

phenomena, microscopic examinations of the oil systems were 

made. If silicones were active as an anti-foamant, it was 

present as a dispersed phase with particle diameter less 

than 100 microns. As the oils were heated, the silicone 

phase either disappeared due to the increased solubility 

or else, as in the case of prolonged heating or on cooling 

a single phase, the silicone phase was present as particles 

much larger-than 100 microns. Since the number of small 

dispersed particles had only a minor effect on anti-foaming, 

this solubility effect explains the sharp break at which 

oils becamer pro-foamant. In all cases, silicones acted 

as a strong pro-foamant unless a dispersed phase was pre¬ 

sent. 

Surface tension measurements were made on oil- 

silicone solutions. The surface tension dropped markedly on 

the addition of silicone until saturation was reached. 

Further additions had no effect on the surface tension. 

Foaming tests confirmed the surface tension-solubility 

relationships. Below saturation silicone acted as a very 

active pro-foamant. At saturation, with an excess of sili¬ 

cone as a dispersed phase, the oils were strongly anti- 

foamant. 
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PHOTOMICROGRAPH STUDIES 

In order to study the method of inhibition, 

high speed motion pictures were made along with individual 

photomicrographs. The individual pictures were of little 

value, so emphasis was placed upon the motion pictures. An 

edited film which shows the most important findings of this 

phase of the study has been prepared and deposited with 

this manuscript. Very high concentrations of silicones 

were used in this work. The camera speed on the edited 

film was 1000 pps, and a total lens magnification of 10x 

was used. 

Without the silicones, the bubbles appear to 

be perfect spheres with no surface distortion (Photograph 

I). With the addition of silicones, the surface takes on 

a soft, 41 jelly-like" appearance. This Is probably the 

silicone' layer. The silicone particles are easily dis¬ 

tinguishableasthey do not show light interference as 

do thebubbles. As the "bubble is rising rather rapidly, 

the resistance of the liquid tends to distort the liquid 

layer (Photographs II & III). Although several thousand 

feet of film were used in this phase of the work, not one 

instance of bubble coalescence was observed in the bulk 

liquid. 

It was hoped that pictures could be obtained 

of coalescence in the foam. The camera speed was increased 

to 5000 pps. and the lens magnification changed to three. 

It was found necessary to change the magnification because 
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Photograph I: 

Photograph II 

Uninhibited Oil 

Magnification: lOOx 

Camera Speed: 1000 ppa 

Photograph III 

Inhibited Oil 

Magnification: lOOx 

Camera Speed: 1000 pps 
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of lighting difficulties. The camera speed was increased 

in order that a coalescence could be observed on more than 

one or two frames . Although several thousand feetr were 

used in this study also, only one coalescence of any value 

was obtained. Lighting was the most critical problem in 

this work, but- excellent pictures were obtained"by focusing 

the"camera on a monolayer of bubbles ona liquid layer 

only one or two millimeters deep. The light source was 

placed below the surface, as it was found that only direct 

lighting was of sufficient intensity to expose the film. 

Reflected light would have produced more interesting and' 

conclusive pictures, but the camera speed was of such 

magnitude as to eliminate this possibility. While focusing 

the camera, using reflected light, silicone particles could 

be observed moving on the bubble surface. However, the 

direct lighting obliterated these particles, and only 

those in the liquid phase could be observed. 
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ELECTRICAL EFFECTS 

Observation's of the stabilized foams of'oils 

containing only soluble silicones suggested that the foam 

bubbles may have an electrical charge since they appear 

to repel each other at close range. A possible source of 

chargewouldbe the electrokinetic effect. To test this 

hypothesis, two copper electrodes approximately one-half 

inch apart were placed in the aerated oil. A 1000 volt 

d.c. potential caused no deflection in a small stream of 

bubble rising between the electrodes. No motion was 

detected when the electrodes were placed in the foam. 

Increasing the potential to 30*000 volts produced no 

change. The test was repeated with the oil containing 

dispersed silicone particles and again no change could 

be detected. 

Another possible electrical effect would be 

the presence- of a double layer of charge in the bubble 

interface. Such a bubble would not be affected by a 

uniform electrical field but would form a dipole in a 

non-uniform field. A non-uniform field was produced by 

making one electrode pointed and the other semicircular. 

Bubbles and dispersed silicones were observed under' the 

microscope in this field but no effect could be detected. 



24 

OTHER COMPOUNDS 

In order to determine what properties a dispersed 

liquid phase must have to he active as an anti-foamant, 

foam tests'were run using the following■materials as a 

dispersed phase in the oil samples* di-n-octylphthalate, 

di-2-methoxethylphthalate, propylene glycol, styrene oxide, 

di-phenyl oxide, dipropylene glycol, triethylene-glycol, 

polyglycol E-600, triethanolamine, polyglycol P-1000, 

polyglycol P-750, Dowanol 22-H, Dowanol 23-H, and Dowanol 

25-H. None of the above were effective as an anti-foamant 

as is evidenced by Table III„ It should be noted that 

none had a surface tension less than that of the oils and 

the spreading coefficients were all negative (Table II). 

The requirement of very limited solubility and a lower 

surface tension excludes almost all compounds except the 

silicones for hydrocarbon-oil systems. 
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TABLE III 

DEFOAMING ABILITY OF COMPOUNDS TESTED 

Compound Defoamant 

1000 c.s. Silicone X 

100 c.s. Silicone X 

Propylene Glycol 

Styrene Oxide 

Dipropylene Glycol 

Triethylene Glycol 

Triethanol Amine 

Polyglycol P-1000 

Diphenyl Oxide 

Polyglycol E-600 

Polyglycol P-750 

Polyglycol P-400 

Dowanol -22H 

Dowanol 23H 

Dowanol 25H 

Di-n-octyl-phthalate 

Di-2-me thoxy-e thyl-phthalate 

Non Defoamant 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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BUBBLE LIFETIMES 

In order to test the hypothesis that the foaming 

tendency of an oil is a function of the average bubble 

lifetime, data were obtained for the oils studied. The 

first method attempted was to form single bubbles 2-3 mm 

in diameter on the surface of the oil samples and to 

measure the time to rupture. This proved quite unsatis¬ 

factory. Bubble life as measured by this technique varied 

as much as two orders of magnitude. Another method was 

then used. A monolayer of bubbles was formed on the sur¬ 

face and the time for half of them to rupture was noted. 

This was reproducible to within 20#. The results of these 

measurements are listed in Table IV. All the oils were 

o 
tested at 27 C art various concentrations of silicones. 

Unfortunately sample No. 529 could not be tested at this 

temperature because a complete layer of bubbles could not 

be formed on the surface. 

It should be noted that for oil No. 555> the 

silicone increased the average bubble lifetime up to the 

region of 200-300 ppm silicone. Microscopic examination 

verified that this was the approximate limit of solu¬ 

bility. After this limit of solubility was attained, the 

bubble lifetime decreased markedly. 
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CHROMATOGRAPHIC ANALYSIS 

In the hope of obtaining^ separation of the foaming 

constituents from the rest of the oil, a chromatographic 

separation was-attempted of oil No. 528* The separation 

wasvery slow, and required several days to elute the oil 

entirely from the bed. The cuts were heated on a steam 

plate to evaporate the CCl^ used as an elutent after 

index ofrefraction measurements were made. Little could 

be obtained from the index of refraction data, except the 

times at which new constituents began to appear. The 

cuts with the same indices of refraction were combined and 

evaporated. After- evaporating for a period so that no 

CCl^ could be detected from the odor, surface tension 

measurements were made of the combined cuts. Tfye results 

of these measurements can be found in Table V. A foam 

test was then run onthe samples. The middle cuts were 

combined and heated to 100°C. Nitrogen was bubbled 

through the oil, but no foam was formed. The first cuts 

were then added, and'again the test was negative. How¬ 

ever, the addition of the last cut caused a small layer 

of foam to form on the oil. 
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TABLE V 

SURFACE TENSIONS OF SAMPLE 

PASSED THROUGH CHROMATOGRAPHIC COLUMN 

Sample No. 528 

Eluted Surface Tension 
Dyne s/cm. 

1 27.4 

9 33.5 

13 34.3 

15 34.3 

18 34.3 

23 34.3 

27 34.3 

30 34.3 

39 33.0 

hi 33.0 

56 33.0 

64 33.0 

78 32.1 

91 30.8 

95 29.7 

97 27.8 
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VI 

THEORY 
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INTRODUCTION 

The physics of foam formation, stability, and 

prevention are little understood. The variables present 

are probably not fully known, although much has been 

published in the literture on this subject. These in¬ 

clude surface tension, surface viscosity, and concentra¬ 

tion gradients. However, these cannot be separated 

from the properties of the bulk liquid as any gradients 

which exist near the surface are determined by the 

properties of the bulk. 

Several approaches to the problem have been 

attempted. Foam stability has been explained by a 

modified Stokes Law (l), "island structure" (2), thermo¬ 

dynamic adsorption analysis (3)* viscosity (4), (5)> 

surface structure and cybotaxls (6), bubble permeability 

(7), and surface tension (8), (9)* (10). The theory 

of Gibbs (11) foreshadowed most of the present works. 

He showed that the lamina must be able to maintain 

small differences in surface tension in order to support 

its own weight. His treatment clearly demonstrated 

that the drainage of the film is uneven, and thin spots 

occur. The works of Marangonl (12) and Rayleigh (3) 

were the first to describe non-equilibrium surface 
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tension and the mechanism of healing of a local dis¬ 

tortion as extensions to Gibbs theory. Recent exten¬ 

sions to the theory by Edser (14) and Ewers & Sutherland 

(15) have also been of value. The former also con¬ 

sidered non-equilibrium surface tension, while the 

latter considered the healing of a local distortion. 

The action of insoluble foam breakers has 

been explained most satisfactorily by Ewers & Sutherland 

(loc. cit). Leviton and Leighton (16) were the first 

to consider the spreading action of an inhibitor. The 

spreading coefficient; 

S = cy0 - <5-ei - <y,- * 

used by Ross (17) (along with the "entering coefficient" 
1 

defined by Robinson & Woods (18) ) as an indication of the 

effectiveness of an inhibitor has also been used by Ross, 

Hughes, Kennedy and Maradoian (19) as a means for quanti¬ 

tative comparison of foam inhibiting action. The new 

theory by Ewers & Sutherland (loc. cit.) of foam stabili¬ 

ty is based on findings by Schulman & Teorell (20) and 

utilizes the spreading coefficient defined above. They 

demonstrated that when a film of oleic acid moves across 

water, a quantity of water of considerable thickness 

moves with it. This finding has been verified by other 

branches of hydrodynamics and it is now generally accepted 

that there is no slip between the moving film and the 

substrate in immediate contact with it. For this reason 

*See nomenclature 
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the spreading coefficient should be positive. This 

quantity represents the force exerted on the boundary 

of a film of inhibitor on a bubble when the contact 

angles are small. This role of the spreading coefficient 

is shown in Figure 1. As already pointed out, the sub¬ 

strate in immediate contact with the spreading film 

moves with it. Therefore the drainage rate of the 

lamina is increased, and thus the time to rupture 

is decreased. Experimental observations indicate an 

inhibited foam exhibits a tendency to rupture rather 

than to collapse due to coalescence. This phenomenon 

is explained by the theory, for the bubble walls will 

in general weaken in more than one place and hence 

rupture rather than coalesce. Also, if an oil is 

thoroughly inhibited, rupture will occur almost instant¬ 

ly, and the probability of coalescence becomes very 

small. 

A defect in the theory of Ewers and Sutherland 

is a lack of quantitative prediction of foam stability. 

The purpose of this work is to partially remedy this 

defect by a mathematical extension. 

DERIVATION OF EQUATION 

It can be easily demonstrated that a bubble 

at the surface of the liquid, as shown in Figure 2, takes 

the form of a paraboloid given by: 

(1) 



FIG. I! ROLE OF SPREADING COEFFICIENT 

FIG. 3: BUBBLE S DIFFERENTIAL VOLUME ELEMENT 

OF LAMINA 
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A few very simplifying assumptions will now be made in 

order that the lamina can be treated„ 

1) The film drains evenly, and at any given 

instant the thickness, 8 , is everywhere 

the same. 

2) Laminar flow exists within the film. 

3) The velocity is zero at the boundaries 

of the film. 

It is realized that the first assumption is in variance 

with experimental findings and the theory of Gibbs. How¬ 

ever, it is a necessary assumption in order that any 

quantitative results may be obtained. The bubble and 

differential element of the lamina are shown in Figure 3. 

Applying Poiseuille's equation to the differential 

element: 

A/ 0*~ 

rh= 2 

From Equation (l) 
dz _ _ P h 
dr" Z<5 

therefore 

v 
gp£Z / 4rc£ , , \ 
“ l p2rz I / 

-4 

As can be seen by the above equation, V varies with r, 

as could be expected. Therefore, at any given time 

the average velocity in the lamina will be: 

i V(r)dz 
1 
d 2 
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'VAVG 

I vcr) v~ d ►* 

I V-dv 

^ _ -2£TA 
“ 8,M G 

f rdr 

_2£f2 

8yU£* 

lg <5- 

. P 1 

4^+1 
, 1 ^ r fi£, 
+ 4^ - pz +l| I + 

As £ = iZ, , the approximation that? 
<y r2 

^o" £ 

will be made for the small bubbles under consideration. 

Then % 

VAW- -0.0474 (a, 

Letting L = volume of liquid within the lamina at any 

given time* then; 

V - dL 1 cH A 
L = 

TT^p 

/-•o 

1 

4^ 
~Pt 

Ag 

•+■ r2 
J © 

2.vrr& 

d r 

Using the approximation made before? 

L = I. 655 rrSr0
z 

0,84-8^ dS 
v = rtf d*t 



and W 1-695 fg (3) 

Equating equations (2) and (3) leads tos 

1 
&3 dt 

0.0279 ££ 
/ir0 

the solution of which is? 

Therefore: 

- -k = o.o 5s 8 ae tc Mro 

(4) 

Now consider a bubble at the surface of the 

liquid with n particles of inhibitor spreading on it. 

The first two assumptions in the previous derivation 

will againbe made. It will also beassumed that? 

1) The size of the particles on the bubble 

may be characterized by a-radius r* .avg 
2) The velocity at the outer surface caused 

by the movement.of the particles can be 

approximated by some constant velocity Ug* 

3) The velocity at the inner surface is zero. 

4) The velocity within the lamina can be 

taken as U+V, where V is that for the 

unperturbed case and U has been deter¬ 

mined by the second approximation. 
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5) The contact angles between the particle 

and the air and lamina are small. (That 

is, the force on the edge of the particle 

per unit length is the spreading co¬ 

efficient) . 

One of the few problems which can be solved from the 

Navier-Stokes equations is that of two concentric 

cylinders of radii r1 and r2, the outer one of which is 

rotating at a velocity Ug. For this case the velocity 

distribution is given by? 

Then: 

At r = r2> 

as rz=r^S 

8 

fQ 

- l.69 5n%2 
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Therefore: 

I I - h tfva (<So - <3A - ) gc 6 
U
AY6 |,6 9SyUrc

2 

If there were no movement at the surface, 

vAVS= 1.695 | fj£ (3) 

Applying Poiseuille's Law again? 

-df = 0.0273 9RSS+ 0.34-8 n r»*e (g° ~ ~ 9* £ 
dt yU£ ° 

Let 

then: 

of= 0.02.73 31. 

6 - 0,34-8 n rA*v<. (g0 -<g.; -<?.•) 9c 
r 

|3 1_ ^ J (3 
=>< I 

- T2 m 
(p -t <* ) <fc 

_ (^3 '+• - 
- i; 

In general, the, second term will be much smaller than 

the first as ^>o{, hence: 

i Si f J L 1 U (3 L $ ^ J 
^ /J-^3 L ~i» ~~ 1  

0 • 3 4 Q h \r(Cg c 

and 

(5) 

tc= 1ZS2 I" 4*—ill 
9p L % *£ J 



42 

therefore 

3? 0.160 9. , r 
to 9c n ^Avs (Go-Got.-<5i> 

(6) 

Consider a bubble with the following properties? 

p = 1.0 gms/cc. 

rQ = 0.1 cm. 

<5f = 10”5 Cm, 

S = 10 dyne s/cm. 

n = 1 

r*avg= 0.001 cm. 

Then 

Thus, one particle on every bubble should decrease 

the foaming ability by a factor of 1000. 

No attempt has been made to extend these 

derivations to the amount of foam formed. This is 

not believed justifiable as geometry would be of pri¬ 

mary importance (i.e., the height of foam-will certain¬ 

ly be affected by the surface tension gradient necessary 

to support the weight of the film). 

EXPERIMENTAL JUSTIFICATION 

Unfortunately, no direct method of testing 

the equations can be used, as , n, r*avg are 

difficult, if not impossible, to measure. However, 

equation (6) may be rearranged: 

V 
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= 6,2 5 Jii _2&. ~^ 

ft rA*W Q P (?) 

A possible indirect measure of the equations validity 

would be the invariance of this group with the physical 

properties of the oil. 

Bubble lifetimes were measured in three oils, 

the properties of which are given in Table 1, The in¬ 

hibitor used in this work was Dow-Corning 1000 c.s, 

silicone. The inhibitor was added to each oil and the 

resulting mixture was emulsified by means of a special 

counter rotating mixer. A monolayer of bubbles was then 

formed on the surface by supplying nitrogen through a 

porous stone at the bottom of the container. The 

time for one-half* of the bubbles to rupture at room 

temperature (26°c) was noted. These results are pre¬ 

sented in Figure 4. The surface tension and inter¬ 

facial tensions of 'the silicone are listed in Table 2. 

Oil 528 is a non-foaming oil at this tempera¬ 

ture. Oil 702 is mildly profoamant, and oil 555 is 

extremely profoamant. Less than 1 ppm. of silicone is 

necessary to inhibit 702, while 0.1$ is required to 

inhibit 555. The silicone acts as a definite profoamant 

for oil 555 until the point of saturation is encountered, 

as is evidenced by Figure 4. This phenomenon has been 

found in all the oils at higher temperatures. The 
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FIG. 4: VARIATION OF BUBBLE LIFETIMES 
WITH CONCENTRATIONS. 
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inhibitor acts as a profoamant until saturation is 

attained and the inhibitor can be discerned as a 

separate phase by microscopic examination. This is 

readily explained. Since the spreading coefficient 

must be positive, the surface tension of the defoamant 

must be less than that of the oil. Therefore, the 

surface tension of the mixture will be less than that 

of the virgin sample. Gibbs (loc. cit.) has shown 

that surface active materials accumulate at the inter¬ 

face. Therefore, the foam should be stabilized by the 

soluble inhibitor. It has been found experimentally 

that oil 555 is very difficult to inhibit. The 

solubility of the defoamant in the oil increases rapidly 
» 

with room temperature. The more soluble the inhibitor 

becomes, the more profoamant the oil. One must there¬ 

fore exceed the "normal" requirement for inhibition by 

an amount necessary to overcome the profoamant effect 

caused by the soluble inhibitor. 

r 2 V 
The quantity —- — as calculated by equation 

n r*VG 
(7) has been plotted versus the difference in concentra¬ 

tion of silicone and concentration at saturation in 

Figure 5. The- values of tQ used for oils 528 and 702 

were those Tor'the virgin samples, as the times at 

saturation are not materially different. The time used 

for 555 was that at the point of discontinuity of 

the curve for that oil in Figure 4. As can be seen, 
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FIG. 51 VARIATION OF CHARACTERISTIC 
GROUP WITH CONCENTRATION 
DIFFERENCE. 
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the results are well within experimental error. 

In all cases the."initial spreading co¬ 

efficient" defined by Harkins (21) and used by Ross 

(loc. cit.) has been used here. As the inhibitor is 

relatively insoluble in all the oils except No. 555# 

it is not believed that any serious error has been 

Introduced for those samples. Oil No. 555 falls well 

within experimental error in Figure 5* It is believed 

that the solubility of the silicone in oil No. 555 

is still not sufficiently large (*.0.02#) to affect 

the spreading coefficient markedly. 

It should be noted here that Equation 4 is 

roughly equivalent to an equation obtained by Brady & 

Ross (22) for the drainage of a vertical film to a 

limiting thickness. However, the two unknown parameters 

referringto the dimensions of the film in their deriva¬ 

tion are notpresent in the equation derived here. 

deVires (23) has criticized their equation because of 

the assumption that every- lamina ruptures upon reach¬ 

ingthe critical thickness. This work assumed that 

there is an average thickness that describes the be¬ 

havior of the foam. Although a thickness may be calculat¬ 

ed from the resulting characteristic group, it should 

be considered as a mean statistical thickness at rupture. 



NOMENCLATURE 

Initial spreading coefficient 

Surface tension 
Subscripts o and i refer to oil and 
Inhibitor respectively. 

Pressure within a bubble above atmospheric 

Radius of bubble at height z above the 
level of the liquid 

Thickness of film 
Subscripts i and f refer to initial 
and final values respectively. 

Acceleration of gravity 

Conversion factor 

Density 

Viscosity 

Velocity 

Hydraulic radius (area perpindicular to 
flow divided by the wetted circumference) 

Differential element of length in direction 
of flow 

Area perpindicular to flow 

Time to rupture of bubble in virgin oil 

Time to rupture of bubble in oil with 
antifoam agent 

Average radius of particle of antlfoara 
agent on the bubble 

Number of particles of antifoam on bubble 

Surface area of bubble 

Volume of liquid within lamina 
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CONCLUSIONS 

Silicones are active as antifoamants in lube 

oil systems if present as a dispersed phase having part¬ 

icle size less than 100 microns. Otherwise the additive 

acts as a profoamant. The bubbles and dispersed silicone 

have no apparent electrical charge and exhibit no appre¬ 

ciable electrokinetic effect. 

The photomicrographs provided a visual record 

of the mechanism of inhibition. The silicone particles 

tend to associate themselves with the bubbles in the bulk 

liquid. However, inhibition itself takes place in the foam 

as no coalescence was observed in the liquid phase. The 

foam tends to collapse as a result of bubble rupture rather 

than to coalescence. 

The most important criteria for agood defoamant 
♦ 

are apparently: 

(i) Relatively insoluble in the foaming 

medium. 

- (2) Low surface tension and positive 

spreading coefficient. 

(3) Capability of forming a stable emulsion. 

The other compounds tested as defoamants satisfied the 

first and third requirements, but in all cases the spread¬ 

ing coefficient was negative. 

A methematical extension of the theory of Ewers 

& Sutherland suggests a correlating parameter ( -2—* ). 
^ rAVG 

This along with the value of (^iAo)critical J the 
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value at which inhibition occurs) may be a method of pre¬ 

dicting tile effectiveness of a defoamant. 

In Figure E7, equation (7) plots as a single 

curve. Tor all three oils even though.they vary greatly 
i 

in foaming tendencies and physical properties. The curve 
' Z. C 

indicates, however, that the group Is—is 
h vivo 

dependent on the concentration of the dispersed silicone 

phase. Tliis work does not permit extension beyond Figure 

5. 

There is apparently only a narrow range of 

constituents in the oil which causes the foam. As they 

were in the last cut to be eluted from the chromatographic 

column, itseems certain that they are some of the heavier, 

more sttongly adsorbed constituents of the oil. 
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