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In connection with the structure of gels formed by
metal soaps in organic media, aluminum soaps exhibit
many interesting properties. Till now, the colloidal
structures of many metal soaps have been widely studied
by a variety of techniques. In particular, a perfect image
of the soap fibers constituting the dispersed phase can be
obtained by means of the electron microscope, provided
that a portion of the liquid which masks the fibers is
eliminated in a suitable manner.

Especially in the case of 12-hydroxystearic acid and
its uni- and bivalent metal soaps, it is recoginized that
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the soap fibers are twisted in the form of aggregates.:2)
However, no data on the trivalent metal soaps of 12
hydroxystearic acid have yet been shown, to say nothing
of such a twisting structure. Its main causes seem to
be its susceptibility to thermal decomposition and the
difficulty of obtaining pure soaps.

To elucidate the mechanism of occurrence of such a
twisting, various explanations have been proposed in
the literature.3:45 Above all, it seems reasonable to
assume that the twisting is related to the conforma-
tion of the soap molecules, as has been suggested by
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Tachibana.?» The present work shows that similar
twisted fibers were found in the aggregates of aluminum
12-hydroxystearate dispersed in such solvents as n-hexa-
decane and white mineral oil.

Aluminum 12-hydroxystearate was prepared by an
aqueous metathesis similar to the manner described
for the preparation of aluminum stearate.® The fatty
acids of the commercial products used in this work
were purified by repeated recrystallization from ethanol
or acetone until those of over 999, purity were obtained,
as established by gas-chromatographic analysis. The
acids in aqueous ethanol were treated with a slight
excess of a potassium hydroxide solution at 50—60°C
to yield potassium soaps. The potassium soaps were,
then, heated to dissolve them in water, and a hot
solution of aluminum chloride at about 90°C was
added slowly until the precipitation was complete.
The aluminum soaps thus obtained were filtered and
thoroughly washed with distilled water and acetone
to remove the residue contained in the soaps. Finally,
they were dried over P,Oy in vacuo at 60°C.

The infrared absorption spectra for aluminum stea-
rate and aluminum 12-hydroxystearate were almost
identical. Moreover, a comparison of the spectra of
the corresponding fatty acids with those of these alumi-
num soaps showed that the major distinction was the
complete absence of the band at 1695 cm~! due to the
presence of free fatty acid in the latter, which contains
little or no extractable fatty acid. In addition, the
thermal analysis confirmed the absence of the transition
peak of the free fatty acid. The soaps have a strong
band at 983 cm~1, one which is possibly due to an
Al-O- covalent and coordinate type of band, as has
been reported of aluminum stearate.®) Also, two
absorption bands are displayed at about 1450 and

1590 cm~! which are due to the symmetric and assym-
metric stretching vibrations respectively of the carboxy-
late group. The splitting of the latter band expected
in the hydrated forms did not appear. Besides, the
elementary analysis indicated that the str./Al and 12
hydroxystr./Al ratio of these soaps were about 2.0 and
1.8 respectively. On the basis of these data, the alumi-
num 12-hydroxystearate prepared is considered to be
a mixture which consists of a disoap plus a small quan-
tity of a monosoap.

A series of studies of the colloidal structures of these
soaps has made parallel to one of the gelling properties
of these soaps for various organic media. Considerable
care was taken in the preparation of the specimen for
examination by means of the electron microscope in
order to prevent the deformation of the soap thickner
structure. In order to make a specimen for electron
microscopy, a small amount of the gel or gel-like
precipitates was spread in a thin layer on the electron
microscope’s specimen grids covered with a thin film
of carbon, which are then placed on a filter paper.
After deoiling by wetting the paper slowly with
n-hexane, the specimens were chromium-shadowed and
examined in the electron microscope.” Figures 1 and
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Electron micrograph of twisted fiber of almuinum 12-
hydroxystearate dispersed in n-hexadecane at 110°C.

Fig. 1.

Ee

Fig. 2 Electron micrograph of aluminum 12-hy;iroxy-

stearate dispersed in mineral oil at 110°C.

2 depict typical electron micrographs of fibers of
aluminum 12-hydroxystearate dispersed in n-hexadecane
and highly-refined mineral oil at 110°C. Further, the
similar twisted shapes were obtained in such other
organic media as amyl acetate, octyl acetate, and
decyl alcohol.

Out of a fear of decomposition and a release of their
free acid with a rise in the temperature, the IR spectra
were examined and thermal analysis was carried out

3
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Fig. 3. Electron micrograph of aluminum stearate dispersed
in mineral oil at 110°C.

7) F. W. Anderson, R. C. Nelson, and F. F.!Farley, NLGI
Spokesman, 31, 252 (1967).



3478

for specimens which has been treated thermally at
90 and 110°C. There was no evidence of the release
of free fatty acid as a result of the decomposition.
Accordingly, it is considered probable that the twisting
structure is ascribable to that of aluminum 12-hydroxy-
stearate.

Figure 3 shows a dense honey-combed structure
formed in the aggregates of aluminum stearate. It
seems to indicate that such a network structure of
aluminum stearate is not so easy to break as in other
metal soaps in the deoiling process. This supports the
view that it is due to the polymerization of aluminum
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stearate, as has been reported elsewhere.®) Further-
more, this idea may be associated, in some manner,
with the abnormal low long spacing value of 40.9 A
derived from the X-ray diffraction patterns of aluminum
stearate. On the other hand, the large value of 47.8 A
of the aluminum 12-hydroxystearate closely approxi-
mates the long spacing values of bivalent soaps.” It
is suggested that these remarkable differences of the
long spacing value, together with the electron-micro-
scopic work, may be interpreted as additional evidence
supporting the difference in the degree of gelatization.
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