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a r rangement  since only such disaturated components 
give fl-3 in the pure  state (9) and since fl-2 has been 
observed for  nearly pure  2-oleyl samples (12) ;  in 
addit ion fl-2 has been observed for  50-50 b inary  mixes 
of disa turated glyceridcs (12) only when one com- 
ponent  was a 2-oleyl glyceride but  the other a 1-oleyl 
compound. 

While agree ing  with the g e n e r a l  conc lus ion  of 
Ka r tha  (5) (hnd Hildi tch)  that  animal  fats  are not 
randomly arranged,  present  results as shown in Table 
VI  do not agree entirely with his conclusions that  in 
animal  fa ts  S a is less and S~U is more than  the corre- 
sponding "chance  va lue . "  

The nature  of the evidence presented is not such 
as to establish within extremely close limits the glyc- 
eride composition of the various fats, but  it does 
indicate : 

a) that  animal  fa ts  are non-random in their  f a t ty  
acid distribution. 

b)  that  tallows differ sharply  f rom lard  in fa t ty  
acid dis t r ibut ion;  the lat ter  definitely is com- 
posed largely of 2-palmityl  glyeerides, the for- 
mer p robab ly  of 1-palmityl glycerides. 

c) for  a given animal f a t  there" is considerable con- 
stancy of palmityl  position throughout  its $3, 
S.,U, and  SU2 glycerides. 

Summary 
In agreement  with comments of Hildi tch bu t  in 

contrast  with certain other statements in the litera- 

ture it  is concluded that  lard, beef tallow, and mut-  
ton tallow are non-random in distr ibution of f a t ty  
acid chains among their  glycerides. F rom thermal  
and x-ray diffraction techniques applied to $3, S:U, 
SU2, and U:~ fract ions of these fats  and to the various 
products  of complete hydrogenat ion it  is concluded 
tha t  lard is composed largely of 2-palmityl  g lycer ides  
as proposed b y  t t i ld i tch while the tallows are com- 
posed largely of 1-palmityl  glycerides. 
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Some Factors Influencing Foam Stability 
C. R. SPORCK, Division of Research and Development, Lever Brothers Company, 
Edgewater, N. J. 

I T is evident that  the foaming power of liquids 
does not depend on the surface tension alone. A 
liquid hydrocarbon of surface tension about  25 

dynes/era a t  25~ foams no more readily than  water  
of surface tension about  72 dynes/era at 25~ Gibbs 
(1) points out that  for  persistence a liquid film must  
have a means of wi ths tanding  shock, a sort of elastic- 
ity. Stated succinctly, for  stabil i ty a film must  have 
an elastic p roper ty  so tha t  if  the film is increased in 
area by  an external  agency, a force will arise in the 
film tending to oppose this increase of area  and if the 
film is decreased in area, a force will arise to resist 
the change. Only if this compensatory reaction can 
be elicited f rom the film, can the shocks to which by  
chance it  is subjected be prevented f rom destroying 
the film. This elasticity can be provided for liquid 
films between two gas masses only if the film contains 
at least two components (water  is conventionally con- 
sidered the first component) .  

Now there are two cases to be considered, A and B : 

A. The second of the two components may  be a com- 
ponent  of the surface alone, being insoluble in the 
bulk. 

B. This case may  arise in two ways :  
1. The second component may be a component of 

tile surface and the bulk phases, bu t  the bulk 
phase may  be not large enough to constitute a 

reservoir. Therefore it cannot fix the chemical 
potential  in the surface of component two as 
the surface phase changes its extent. 

2. The bulk  phase may  be large enough to act as a 
reservoir, bu t  the t ime required for  ad jus tment  
of the chemical potential  of component  two in 
the "surface a f te r  a disturbance may  be long 
compared to the durat ion of the disturbance. 

The physical picture implicit  in the above is clear. 
In  general, in two component  aqueous solutions, the 
surface tension decreases as the Gibbs surface excess 
increases and increases as the surface excess decreases. 
I f  the surface-active component  is confined to the sur- 
face alone, (Case A) a contraction or extension of 
total surface area causes an increase or decrease of 
surface concentration which causes a decrease or in- 
crease in surface tension. Hence we have a force 
which always resists a change in surface area whether  
this change is an increase or decrease. With  the sur- 
face-active component  confined to the surface and bulk 
liquid phases (Case B1) i.e., a compound of low vapor  
pressure, the situation is similar. I f  the ad jus tment  to 
equil ibrium is slow af te r  change in surface area as in 
Pa r t  2 of Case B abo~'e, the elasticity is even greater  
than the equil ibrium value. 

To il lustrate the importance of this last point  we 
may  most effectively use a three-component  system. 
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We cite the t h r e e - c o m p o n e n t  system consisting of 
water, sodium lam'yl  sulphate, and lauryl  alcohol, 
some data for  which are given in the graph. Curve 2 
gives the surface tension versus eoneentration curve 
for  this three-component  system. Curve 1 gives, the 
data on pure  sodium lauryl  sulphate in water. I t  can 
be seen tha t  this system when containing a weight 
ratio of laury l  alcohol to sodium lauryl  sulphate of 
.02 has a surface tension minimum at  7 X 10 -3 sodium 
laury] sulphate. Consider for  a moment  a plane film 
containing water,  sodium lauryl  sulfate, and lauryl  
alcohol in a definite amount.  The surface-active com- 
ponents  are dis t r ibuted between the two outer sur- 
faces and the intersurface volume. As the surface is 
diminished, some of the mater ial  dis t r ibuted over the 
surfaee goes into the bulk  volume, bu t  this volume 
does not change. Hence the bulk concentration in- 
ereases. The surface composition must  now adjust  
itself to the bulk concentration. This new bulk con- 
centrat ion may  call for  either an increase or  decrease 
of surface tension, depending on the type of surface 
tension vs. coneentration eurve. The effect of a sur- 
face extension can be followed through in an analo- 
gous manner.  

Now re turn ing  f rom our explanatory  digression, 
we should expect that  films of the three-component 
system at  this min imum mentioned above would b e  
unstable with respect to any  displacement tending 
to decrease the total surface sinee such a displace- 
ment  would tend to inerease the concentration in the 
bulk liquid between the surfaces, and this would give 

rise to a greater  tension in the film as Graph  I shows. 
Yet this film is more stable in practice than  that  of 
pure  sodium lauryl  sulphate at  the same concentra- 
tion, which has a normal  surface tension curve and 
should be stable. This behavior  can be 'unders tood  if 
at  ]east one of the components, p resumably  lauryl  
alcohol, has its chemical potential  in the surface ad- 
justed to the e q u i l i b r i u m  va lue  slowly. In  other 
words, the elasticity called into play is a non-equi- 
l ibr ium value. 

Of course, it would be desirable to have data on 
the Gibbs surface excesses f rom surface tension, con- 
centrat ion measurement  in these systems. However,  
except in solutions of two components, this method is 
prohibi t ively difficult. We have consequently resorted 
to concentration determinat ion by  foam fractionation,  
using an appara tus  described by  Abr iba t  (2). This 
consists essentially of a glass chamber through which 
stock solution f rom a large reservoir  is pour ing and in 
which foam is generated by  blowing ni trogen through 
a jet. The foam rises f rom the foamer  into a long" tube 
about  9 ft. in length. Provision is made at the bot tom 
of this column for  a tap to allow withdrawal  of liquid 
draining out of the foam as it rises. The foam then 
passes over the top and is ted down another  tube into 
a t rap  where it  is allowed to condense. 

Observations were made on the rising bubbles, and 
it was found tha t  a f te r  a short  period of t ime the 
bubbles in the rising tube were of very closely equal 
size and tha t  there was not observable breakage. The 
size of a bubble  was estimated with a centimeter 
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ruler. The rate of rise of the foam is measured at 
10-minute intervals and, if necessary, adjusted by 
changing the rate of nitrogen flow if it had departed 
from the initial rate. Solution from a large stock was 
run through the foamer so as to prevent change in 
the original solution concentration. The liquid drain- 
ing out of the rising foam was collected. The con- 
densed foam was collected and its volume determined. 

We chose the system sodium lauryl  sulphate, lauryl  
alcohol in weight ratio of lauryl  alcohol to sulphate 
of .02, because the curve of surface tension against 
concentration has the interesting minimum shown in 
Curve 2. I t  is fur ther  found that the films in the 
range from 7 X 10 -3 to 10 -z sodium lauryl sulphate 
are slow (3) draining and above this concentration 
fast. We hoped to get some information by studying 
this range of concentrations. The concentration of 
sodium lauryl  sulphate was determined in these three 
solutions. The total time of the run was recorded. 

T A l i L E  I 

D a t a  on  B u b b l e s  a n d  F o a m  a n d  R e s i d u e  Fractious f r o m  
F o a m  F r a c t i o n a t i o u  E x p e r i m e n t s  

O r i g i n a l  c o n c e n t r a t i o n , *  m o l e s / l i ~ e r . . . .  1 . 1 0 X I O  -2 7 . 2 4 ) < 1 0  ~ 1 . 5 1 X l O  -~ 
V o l u m e p e r  b u b b l e ,  c m  2 . . . . . . . . . . . . . . . . . . . . . . . .  4 . 7 7 ) < 1 0  -~ 4 . 7 7 ) < 1 0 -  4 . 7 7 ) < 1 0  -2 
B u b b l i n g  r a t e ,  c m / m i  . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 9 4  9~807 9~93 
D u r a t i o n  of  r u n ,  r a i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 0  
V o l u m e  of  f o a m ,  c m  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 0 5 ) < 1 0 4  3 . 1 0 ) < 1 0 4  2 . 5 6 ) < 1 0  ~ 
N u m b e r  o f  b u b b l e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 . 1 5 ) < 1 0 5  6 . 5 0 ) < 1 0  ~ : 5 . 3 7 ) < 1 0  ~ 
A r e a  of  b u b b l e ,  c m  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 4  ~ . f i4  

2 T o t a l  f o a m  a r e a ,  c m  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 0 2 X 1 0  s i 3 . 4 2 X I 0  a 
V o l u m e  of  c o n d e n s e d  f o a m ,  c m  a . . . . . . . . . . .  6 . 3 6  5 . 7 4  
T h i c k n e s s  of  f i lm, c m  . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 8 ) < 1 0  -5 1 . 6 8 ) < 1 0  -5 
F o a m  b u l k  c o n c e n t r a t i o n ,  m o l e s / l i t e r . .  3 . 9 1  X 1 0  -2 I 4 . 5 2  )< 1 0  -~ 
Draining c o n c e n t r a t i o n , * *  m o l e s / 1  .. . . . .  1 . 1 4 ) <  1 0  -2 I 1 . 4 5  X 10  -2 
Surface c o n c e n t r a t i o n  i n  _~2/mole . . . . . . . .  3 8  I 3 2  

T h e  c r o s s - s e c t i o n a l  a r e a  of  t h e  t u b e  t h r o u g h  w h i c h  t h e  f o a m  r i s e  w a s  
1 0 . 2  c m  2. 

* T h e  w o r d  concentration occurring i n  t h e  t a b l e  r e f e r s  to  s o d i u m  
l a u r y [  s u l p h a t e .  

**  T h i s  r e f e r s  to  ~he c o n c e n t r a t i o n  i n  t h e  l i q u i d  w h i c h  h a s  d r a i n e d  
o u t  of  t h e  r e g i o n s  b e t w e e n  t h e  b u b b l e  f a c e s  a s  t h e  f o a m  r i s e s  i n  t h e  
t u b e .  

F r o m  these data the results presented in Table I were 
computed. The surface concentration was calculated 
from the following relation: 

r = v / s  ( ~ ' - ~ )  (1)  

where V is the st~rface concentration in moles/cm 2 
v ~--- volume of condensed foam in cm 3 
s - -  area of foam in cm 2 
7'  = concentration in condensed foam in 

moles/cm 3 
= concentration in drainage liquid in 

moles/cm 3 

The surface concentrations reported are approxi- 
mately what one would calculate from the surface 
tension concentration curve for  pure sodium lauryl  
sulphate, using the Gibbs equation at these concentra- 
tions. Unfor tunately  we have no analytical data as 
yet for the alcohol concentration in the interface. The 
foam fractionation method of determination would be 
tedious since large quantities of film would have to be 
generated in order to obtain enough to make an ex- 
traction with an organic solvent practicable. We have 
thought it more convenient to resort to radiochemical 
techniques in order to determine the alcohol concen- 
tration in the interface. A stock solution of 1.5 X 10 -2 
M sodium dodecyl sulphate was prepared, containing 
dodecanol in weight ratio to the sulphate of .02, the 
dodecanol containing C ~4. 

I f  counts at  constant geometry of a fixed volume of 
solution of concentration C moles/cm s are made, the 

counting rate J| (this symbol is used because the ab- 
sorption of the beta particles is so complete in short 
distances that  a thickness of a few millimeters gives 
nearly all the count that could be obtained from an 
infinite thickness) is given by 

J| ~ a Ac /k  (2) 

J| is the count per second of a solution of (for 
practical purposes) infinite depth, a is a constant. A 
is the area of the solution cross section, k is the ab- 
sorption coefficient, k/p given by Solomon et al. (4) 
for barium carbonate is 290 cm -1. p here is the dens- 
ity of barium carbonate. Since p is 1 for water, k 
290 cm -1 for water. Equation (1) is valid if there is 
no surface concentration of radioactive species. I f  
there is such a concentration and if we assume the 
same geometrical factor for such surface concentra- 
tion, which would probably be sufficient in th i s  case, 
the count could be written 

J~ ~--- ~ A c / k  -4- a A r (3) 

where r is expressed in moles/cm 2. 

From counting of a solution in which r ~ o we can 
obtain a value for a. This value of a can then be used 
in solutions in which r * o. Now the surface tension 
concentration curve for this lauryl  alcohol containing 
solution approaches that  of pure sodium lauryl  sul- 
phate above 1.2 X 10 -2 molar (see graph) .  

I f  we assume that this means the lauryl alcohol 
concentration in the surface in the first solution ap- 
proaches zero above 1.2 >( 10 -2, we can proceed as 
follows: A solution of sodium lauryl  sulphate, lauryl  
alcohol is counted, then enough sodium lauryl sul- 
phate is added to make the total concentration 1.5 X 
10 --~ molar and counted again. The second counting 
rate is used in (2) to determine a. This value of a 
is used with the first count ing rate to calculate F in 
(3). Or if we designate the J~ in (2) as J~, we can 
write 

r -~- (J~ - -  J ~  A (4) 

We have made a series of measurements on solu- 
tions in which the additional sodium lauryl  sulphate 
had been added. At  each concentration of lauryl  al- 
cohol at least four measurements were made. These 
sub-averages were tabulated, and then a grand aver- 
age for all concentrations was obtained. We do not 
wish to discuss the experimental difficulties encoun- 
tered here, however certain facts must be mentioned. 
The data on most concentrations before the additional 
sodium lauryl  sulphate was added showed an irrepro- 
ducible time dependence, the count increasing to very 
high values. The values are so high that they could be 
understood only in terms of phase separation. Only 
in the case of the solution of sodium lauryl  sulphate 
of 3.879 X 10 -3 moles/cm was the count  found to be 
fairly stable. From the results we can calculate a 
concentration of about  80A 2 per molecule in this case. 
At  this point we attempted to obtain an estimate of 
the solubility of lauryl alcohol in water, using a tech- 
nique first used by Langmuir  (5), s tart ing with the 
known data on hexyl, heptyl, and octyl alcohols. We 
estimate a solubility of about 10 .5 moles/1. Then even 
in the most dilute solution in which the lauryl alcohol 
was in weight ratio .02 to 3.879 }( 10 .3 moles sodium 
lauryl sulphate/ l i ter  or about 10 -~ moles/1, t h e  con- 
centration of lauryl  alcohol was about 10 times greater 
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than the maximum permissible if sodium lauryl  sul- 
phate below the c.m.c, has no effect on the solubility. 

Any  theory of film stability, however sketchy, must 
be able to explain the difference between fast and 
slow draining films. Let  us consider first a two-com- 
ponent  system, one of which is surface-active. In  a 
gravitational field the upper  portion of a film must 
be under  higher tension than the lower. Consequently 
in accordance with the general rule, a lower surface 
concentration will be required in the upper  portion. 
Then some s t re tching of the upper  portions of the film 
surface must take place to produce the decreased sur- 
face concentration and consequently elevated tension. 
I f  the film is of the gaseous type, quite a deal of 
stretching may be necessary to yield the appropriate  
increase m tension. Consequently the walls will de- 
scend and the film thinning will be accelerated. This 
film will be fast  draining. If, on the other hand, the 
film is of the condensed type, this will, in general, 
mean that  the surface active agent is bu t  sparingly 
soluble and the film will behave toward any shocks 
of short period like a pure  water  fihn which is, of 
course, unstable. Thus it  would seem that we could not 
obtain slow draining films in two-component systems. 

In three-component systems the film will still have 
higher  tension in its upper  region, bu t  we cannot say 
much about the surface concentrations except that  a 

surface concentration readjustment  must  take place 
on film stretching. I f  one of the two surface-active 
components is present  in small amount and is able 
with the other surface-active component to form a 
condensed film, only a small extension may be neces- 
sary to provide the required vertical tension gradient. 
Consequently the walls will not descend rapidly.  This 
film will be slow draining. 

Summary 
I t  is believed that  liquid films owe their  stability to 

the Gibbs elasticity. How this elasticity may arise is 
discussed, and it is concluded that  in some cases a 
nonequJlibrium value may be the important  concern. 
Some data on surface composition from radiochemi- 
cal experiments and foam fractionation are presented. 
Final ly  an explanation of the origin of the slow a n d  
fast draining films of Ross, Miles, and Shedlovsky is 
offered. 
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Viscosities and Solubilities of Synthetic Detergent Mixtures 
Containing Soluble Silicates 
RAYMOND GETTY and NEWTON McCREADY, Philadelphia Quartz Company, 
Research Laboratories, Primos, Pennsylvania 

S OLUBLE silicates have long been used as builders 
for  soaps, and their advantages are well known 
(1). In synthetic detergents sodium silicate shows 

similar advantages and has recently assumed added 
importance, due to its inhibiting effect on corrosion. 
However attempts to incorporate silicate in synthetic 
detergents  in many cases have resulted in difficulties 
due to increased viscosity of the slurries, with trouble 
in pumping and handling and in the formation of in- 
soluble mat ter  on drying, with subsequent formation 
of turb id  solutions. The present investigation was un- 
dertaken to s tudy this problem. 

Materials 
The detergents used were : Sodium Oronite (Oronite 

Chemical Company),  the sodium salt of an alkyl aryl  
sulfonate, received in. the form of a paste containing 
40.6% sodium alkyl aryl  sulfonate, 49.6% water, and 
9.7% sodium sulfate; Ultrawet 45 K X  (Atlantic Re- 
fining Company),  also the sodium salt of an alkyl 
aryl  sulfonate, and containing 40.6% sodium alkyl 
aryl  sulfonate, 5.1% sodium sulfate, and 54.3% water;  
Orvus WA Paste (Procter  and Gamble),  a sodium 
alcohol sulfate containing 29.6% sodium alcohol sul- 
fate and 1.4% sodium sulfate.. In order to produce 
mixtures comparable with those with the other deter- 
gents, the Orvus Paste was concentrated by  evapo- 
ration to 52% solids and 2.5% sodium sulfate was 
added. 

The phosphates used were:  Tetrasodium pyrophos- 
phate ( T S P P )  and sodium tripolyphosphate ( S T P P ) .  
In many cases a mixture of equal weights of the two 
phosphates (MP) was used. Compositions of the sili- 
cates used are:  

N~r % Na20 

13 .8  
B W  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 .5  
M e t s o  G r a n u l a r  . . . . . . .  30 .0  
P o t a s s i u m  s i l i c a t e  .......... ] 19 .0  

I ( K : O )  

% SizO 

33 .1  
31 .2  
28 .7  
30 .8  

W t . r a t i  
Alkali : 

si l ica 

1 : 2 .40  
1 - 1.60 
1 : 1 .02 
1 : 1 .62  

3~ole 
ra t io  

1 : 3 .32 
1 : 2 .48 
1 : 1 .65 
1 : 1 .04  
1 : 2 .53 

Experimental 
The mixtures were prepared to contain 25% deter- 

gent (including sodium sulfate),  25% builder, and 
50% water. The detergents and builders are reported 
on an anhydrous basis. Any water present in the 
original materials is included in the 50% water. In 
most cases the builder consisted of phosphate and 
silicate and sometimes other additives. Mixtures were 
prepared by adding the phosphate slowly, in small 
portions, to the warm (60~ detergent slurry,  fol- 
lowed by the warm (60~ silicate solution, diluted 
with the remaining water. Other orders of mixing 
resulted in lumps or mixtures too thick to be used. 
The other additives were either added to the deter- 


