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A long series of investigations since 1919 has estab-
lished the conditions of existence of various soap
phases, with and without water, and with both salt
and water. Many different experimental methods
have been described in previous communications,
mostly developed especially for this purpose . The re-
sults have amply demonstrated that the ordinary
phase rule applies strictly to the phase diagrams of
soap.

The number of soap systems is so great, and the
field to be eovered so extensive that only portions of
a few typical systems have as yet received quanti-
tative study. We therefore now supply some -data for
the important but completely neglected systems of
sodium oleate in the presence of salt and water.

1. Isotropic Solutions of Sodium Oleate Containing
Salt. One of us?® in an extension of a study of sodium
oleate in water found the boundaries surrounding
homogeneous isotropie soap solutions of sodium oleate
containing sodium chloride at 90°C. and 100°C. re-
spectively, using both delimiting and synthetic meth-
ods. However, when an attempt was made to confirm
and extend these results, it was found that they
changed with time of heating in the sealed glass tubes.
The apparent solubility beeomes less with time, al-
though it is nearly constant after a month and a half.
The temperatures, T, above which the system consists
of a single elear liquid soap solution, but below which
other phases begin to separate, rises at first rather rap-
idly by about twenty or thirty degrees in ten days at
105°C. However, it should be noted that this drift in
T; values only occurs while the solution is hot, and
does not continue at ordinary temperatures. Anhy-
drous sodium oleate does not change its properties
upon heating in a sealed tube at 105°C., because solu-
tions made before and afterwards from such a sample
showed the same initial T; value.

Reaction with glass was suspected, and .indeed some
silicate does slowly dissolve. However, when experi-
ments were earried out with systems to which known
amounts of silicate are added, the value of T is ac-
tually lowered, and the drift with time is still ob-
served. The silicate used was ‘*N’’ brand, containing
28.3% 8i0, and 89% Na,0, and it was added in
quantities sufficient to supply between 0.1 and 1% of
Si0, in the soap system.

Several systems were made up containing 10%
sodium oleate and using ‘‘N’’ brand sodium silicate
as electrolyte instead of sodium chloride, in concen-
trations of 3.6% and 5.6% respectively, However, in-
stead of the sodium silicates salting out the sodium
oleate, the silicate salted the soap ‘“in,”” and on cool-
ing to 90°C., an elastie, transparent jelly resulted,
with no visible separation of any other phase. At room
temperature they formed a solid white eurd.
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It was eoncluded that it is the sodium oleate solu-
tion itself that is unstable on prolonged heating.
Hence the determinations of values of T, shown in
Figure 1, were taken from the initial values observed
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Fig. 1. The boundaries of homogeneous isotropic solutions
of sodium oleate containing salt at 90° and 100° C.

with freshly made systems. Figure 1 shows the bound-
aries of the homogeneous, liquid solutions of sodium
oleate at a series of temperatures derived in the usual
way by interpolation between the observed T; values
for individual systems. The solubility of course in-
creases with inecreasing temperature, and the bound-
aries move correspondingly outwards towards higher
concentrations of salt and soap. The upper right hand
boundary corresponds to soap boilers’ nigre. Below
it is the bay region, in which two liguid layers are
formed, one containing much more soap than the
other, but not differing greatly in salt econtent. On
the lower right this isotropie region extends with less
and less of soap through the range called lye out to
saturated sodium chloride solution. This extension is
not included in Figure 1.

2. Comparisons of the Solubilities of Typical Soaps
in Water and Chloride Solutions. All the existing
published data for the boundaries of isotropic solu-
tions of pure soaps of single fatty acids are collected
for comparison with each other in Figure 2, where
they are all drawn to the same scale and recalculated
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Fig. 2. The boundary of isotropic solution of soaps contain-
ing added sodium (or potassium) chloride at 90° C. for the six
pure soaps so far studied, together with examples of sodium
soap of single commercial oils or fats. The 90° boundaries are
drawn in heavy line. Lighter lines indicate their position at
some other temperatures.

in the same units. Even now, such data are available
for only six pure soaps. We have added the boundary
at’ soap hoiling temperature for sodium soaps made
from tallow, olive oil, and coconut oil respectively.
No data have yet been published for any commercial
soap or for soap made from a mixture of oils and fats.

First we may consider the solubility of all these
soaps in water at 90°C. This is shown in Figure 2
from the percentage of soap at which the isotropic
boundary begins for 0 percent salt (point A in refer-
ence 4). It ranges from 21%. for sodium’ stearate to
45% for potassmm laurate. .

In a previous paper ° the. symbol Ty was introduced
to characterize. the tempelature of ready solublhty of
soaps. Above T, soaps are fairly soluble in water in
amounts of at least. 15%.. Below T, the. solubility falls
rapidly to very small values at lower temperatures.
Usually the soap is still soluble to the extent of several
percent at-a temperature of about ten. degrees below
T, T, miy be read from binary phase diagrams as
the lower left hand corner of the isotropic field where
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the soap solution is in equilibrium with eurd fibers
and middle soap (point Igy in reference 6). These

values are collected in Table 1.

TABRLE 1

Temperature of Ready Solubility, Ts, of Various Soaps in Water, and
Solubility of Scaps in Water in True Percent by Weight at 90°C.,
Including Sodium Soaps of Various Single Oils and Fais

% Soap | Maximum %

Soap Ts ab 90°C. | Salt in Nigre
Sodium Laurate...c.cormeseennnnndd 42°C, 36 11.2
Potassium Laurate..... 17 36 23.6
Sodium Myvristate... 60 30 | ae
Sodium Palmitat 70 26 54
Bodium Stearate. 77 19 2.8
Potassium Oleate Below 0°C. 26 9.5
Sodium Oleate... 32 30 3.2
Palm Oilicovionviineniniviniinnnens 52 31 4.6
Whale Qil, semi-hardened 35 5.2
Green Sulfur Olive Oil. 27 33 3.5
Tallow.....overveuereercenss 53 29 4.2
Soya Bean Oil....... . 84 2.9
Pressed Coconut Oil.. 42 13.3
Tallow-Coconut... . 48 28 |
% Palm, 1/;Cc:'conut 49 T

The most soluble soap at 90° is that from eoconut
oil, and the least soluble is that of sodium stearate.
The lowest temperature of ready solubility, T, is that
of olive oil soap, 27° C.; the highest is again sodium
stearate, 77°C.

Although sodium oleate appears so soluble because
its value of T, is s0 near room temperature, 32°C.,
whereas that of the stearate is 77° and the laurate
42°, nevertheless sodium laurate is more soluble than
oleate at 90°C. Again, although the solubility of
oleate in pure water is so much higher than that of
stearate, the oleate is almost as easily salted out by
salt. The maximum concentration of salt in the nigre
(usually corresponding to point C in Reference 4)
is 3% for stearate and oleate; this is only a fraction
of that which sodium laurate and potassium laurate
will bear, 11 and 23% respectively. This much greater
sensitivity of oleate to salt as compared with the lower
saturated soaps is graphically reflected in the narrow-
ness of the fields of isotropic solution at 90°C., as
shown by the heavily drawn boundaries in Figure 2.

For a few soaps in Figure 2 the boundaries of the
field of existence of isotropic soap solutions is shown
also for much higher temperatures, by drawing them
lightly. The solubility of the soap in water is greatly
increased and they will dissolve more salt at higher
temperature.

3. Effect of Salt Upon the Sodium Oleate-Water
Phase Diagrams. In soap boiling the final produet
at the boiling temperature is neat soap phase, but it
always contains a little salt. Otherwise the subsequent
procedures relate to the simpler binary system soap-
water. The question arises as to how this strietly
binary phase diagram is modified by the salt present.
Such information also relates to the initial trend of
the boundaries of soap phases with: the -addition of
salt.in the ternary system.

" Here we show in Figure 3 the comparison between
the binary diagram found for Merck’s sodium oleate *
and that obtained when similar systems are investi-
gated, in which a constant addition of sodium chloride
is made to the sodium oleate in the proportion of 1.5
parts by weight of chloride to 100 parts of sodium
oleate throughout. This proportion was chosen because
at 70% soap the salt is then 1.05% of the system, ap-

¢J. W. McBain, R, D. Vold and M. Frick, J. Phys. Chem. 44, 1013
(1940).
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Fre. 3. Phase diagram of the system sodium oleate-water,
before and after adding sodium chloride to the extent of 1.5%
by weight of the soap to simulate the difference hetween the
pure soap and a commercial settled soap.

proximately the upper limit in the final stages of a
commercial soap boiling process. The technique was
that previously deseribed. All systems were first
homogenized in sealed tubes by heating until they
formed a clear single liquid phase. Two determina-
tions were made on each tube. The temperature T,
is that at which on slowly heating and stirring the
last of the solid (eurd, supercurd or subwaxy phase,
respectively, according to the range of temperature)
just disappears to complete the formation of the sin-
gle liquid or anisotropie liquid phase. The curve of
T. values is therefore a solubility curve. The other
temperature, Ty, is the lowest temperature to which
the initial hot homogeneous isotropic liquid system
can be cooled before another phase begins to separate,
showing saturation or equilibrium with neat, super-
neat or middle soap phase, respectively. These values
of Ty and T, are tabulated in Table 2.

The results are very readily read from Figure 2;
all the observed points except one are in the expected
direetion and correspond to the slopes which we have
been accustomed to assume for the initial portions for
the boundaries in the ternary phase diagrams. These

TABLE 2
NaCl

% NaOl (0_010/?, X % NaOl T °C. Te °C.

5.03 0.07 |
11.70¢ A5 23.6
15.30 23 25.6
18.70 29 | 27.1
24.70 38 | e 28.5
30.00 44 98 29.7
34.70 54 123 31.5
39.00 .61 123 36.4
43.30 .68 178.5 41.4
49.10 78 215 421
53.20 .32 232.4 43.3
59.30 .94 251.5 48.3
63.80 1.02 263.5 56.8
69.60 1.15 266.5 64.3
73.70 1.14 266.5 88.0
78.70 1.21 262.5 109.0
82.40 1.36 257.5 118.0

effects are: (a) to lower the solubility of the solid
soap in all phases; (b) to enable neat soap to take up
more water as salt begins to be added, thus lowering
correspondingly the percent of soap in the lower part
of the neat soap phase of the ternary system, while
(¢) the diminished solubility of the solid soap is like-
wise reflected in the rapid decline in percentage of
soap in the upper part of the neat soap phase as salt
is added in the ternary system. Hence the neat soap
phase has the form of a pendant drop in the ternary
system. The middle soap boundary rises fairly rap-
idly to higher percentage of soap as its field is quickly
narrowed and then completely eliminated by the ad-
dition of salt. The single unexpected observation is
the T; value for 39% oleate. This lies in Figure 3
to the left of the middle soap region, as if in the ter-
nary system middle soap extends slightly upwards.
Practically no guantitative measurements have been
made in any ternary system between the middle and
the neat ternary soap phases.

Summary

1. The boundaries of isotropic solutions of sodium
oleate containing -salt have been determined over a
series of temperatures. Prolonged heating in glass
tubes alters sodium oleate solutions, rendering the
soap less soluble. '

2. It is found that when sodium silicate replaces
sodium chloride in the same percentage by weight the
sodium oleate is not salted out, but tends on cooling
to set to a clear jelly.

3. The phase boundaries for soap solutions contain-
ing chloride have been assembled and recalculated to
the same units for comparison with each other and
with the results for soaps made from a few single
commercial oils and fats. In spite of its solubility in
water, sodium oleate is readily salted out by electro-
Iytes.

4. The effect of small amounts of salt such as are
retained in commereial soap systems upon the bound-
aries of the striet binary phase diagram have been
determined.



