detected by Craig, Diller, and Rowe
(12) may be derived from it. Experi-
mentally determined stoichiometric ra-
tios are summarized in Table 1, for
comparison with Eq. 7.

No attempt is madec at present to spe-
cify the structure of the crosslinks formed,
which may depend on temperature. The
instability of olefinic disulfides at curing
temperatures is well known (13, 14).

E. M. BeviLacoua
United States Rubber Company,
IWayne, New Jersey
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Hydrothermal Recrystallization
of Molybdenum Trioxide

Whisker-like crystal growth in metals
has been the object of several investiga-
tions, especially within the past few
years (I). Not until very recently has
whisker growth in an oxide system been
reported (2).

In this investigation, whisker-like crys-
tals were grown in the system MoO;—
SiO, under hydrothermal conditions.
Homogeneous MoO;-SiO, solid mix-
tures were prepared by “flash-drying” a
solution of ammonium- heptamolybdate
in ammonia-stabilized Ludox (3). This
was accomplished by dropping the solu-
tion, a drop at a time, into a platinum
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crucible that was heated to a dull red.

It was found that whisker growth
could be carried out by placing small
ampules containing the MoO,-SiO,
solid, together with capillary tubes filled
with water, directly into a controlled-
temperature furnace. A temperature of
375°C, a steam pressure of 5 atm, and
a hydrothermal treatment time of 72
hours produced abundant whisker growth
from a 3 weight percent MoO,-97
weight percent SiO, substrate.

A photomicrograph of a MoO,-SiO,
solid which was subjected to hydro-
thermal treatment is shown in Fig. 14.
An electron micrograph of a sample of
these whiskers is shown in Fig. 1B. Their
size was observed to vary widely: diam-
eters of 5 to 50 u and lengths up to
about 5 mm were typical.

Physical property measurements were
not undertaken as a part of this investi-
gation. However, it was qualitatively ob-
served that MoO, whiskers could be
bent over a large radius of curvature
with no apparent permanent deforma-
tion. If the bending were continued,
whiskers tended to split longitudinally
rather than break along the shorter di-
mension.

Samples of the whiskers were sepa-
rated from the MoO,-SiO, substrate
and subjected to x-ray diffraction, in-
frared spectrometer, and arc-emission
spectrographic analysis. As a result of
these analyses, it was concluded that the
whiskers consisted of high-purity MoO,.

In one series of experiments, films of
SiO, were prepared by grinding flash-
dried Ludox silica sol with enough water
to form a paste and spreading the re-
sulting paste on platinum slides. Simi-
lar films of MoO, were prepared by
spreading MoO,-H,O paste on the
slides. In one of these experiments a
film of SiO,, about 1 mm thick and 2
cm long, was laid down in such a way
as to cover one half of a slide. On the
other half of the slide a MoO, film of
similar dimensions was laid down. The
two films were in contact. The films
were rapidly dried in a furnace at
480°C, and the slide supporting the films
was subjected to hydrothermal condi-
tions (400°C and 4.85 atm steam pres-
sure) for 96 hours. The slide was then
examined with the aid of a microscope.
Whiskers were observed over the entire
length of the SiO, film. No whiskers
were observed on the MoO, film.

In a similar experiment but with the
SiO, and MoO,; films separated by a
2-mm gap, no whiskers were observed
on either the SiO, or MoO; films.

These data indicate that the migra-
tion of molybdena in the growth of
MoO, whiskers occurs via the solid
phase rather than by a vapor-phase proc-
ess. The silica substrate is believed to
play a unique part in the molybdena
transport and crystal-growth process.

Fig. 1. (Top) Photomicrograph of MoOs
whiskers grown from a MoQsSiO, sub-
strate (about x 80). (Bottom) Electron
micrograph (2800X) of MoOs whiskers
(about x 2200).

This is suggested by the fact that whisk-
ers were observed on the silica substrate
but not on the molybdena substrate in
the film migration study.
JamEes L. CaLLAHAN®
Rarpu H. PeTRUCCI
CHARLES A. BRowNT
Department of Chemistry, Western
Reserve University, Cleveland, Ohio
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