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Table 1
Value of n Temperature Temperature | Activa-
Metal (rate-law) increase region tion
energy
Titanium n =1 336 deg. C./min. | 700-900° C. 53 keal,
(parab )
Nickel =1 2-23 deg. C./min. | 700-1,050° C. | 41 kcal.
(parab )
Zirconium | n = 386 deg. C./min. | 700-1,050° C. | 45 kcal.
(cublc)
Copper 2-23 deg. C./min. | 750-1,000° C. | 35 keal.
(pamb.)

The method described has been tested for nickel,
zirconium, copper and titanium over the temperature
range 400-1,050° C., and the results are shown in
Table 1.

The activation energies observed are all in good
agreement with previously published values? obtained
by the conventional method of plotting In k versus
1/7. The value for titanium was checked in this
taboratory by the conventional method which gave
an activation energy of 52 kcal. in the parabolic
rate-law region. Furthermore, the method gave
good estimates of the temperature regions in which
different rate-laws are observed. 1In the case of
oxidation of titanium?®, which follows a cubic rate-
law in the temperature region 400-600°C., a para-
bolic rate-law between 600° and 900° C., and a linear
rate-law above approximately 900° C., the method
gave results which were in agreement with con-
ventional studies. Results for the oxidation of nickel
are shown in Fig. 1.
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Fig. 1. Determination of the activation of oxidation of nickel
by oxidizing under conditions of linearly increasing temperature

A detailed account of the method and the results
for a number of metals and alloys will be published
elsewhere.
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Central Institute for Industrial Research,
Blindern, Oslo.
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Preparation of Maghamite by Electrolysis

WHEN nitrate solutions are employed as the
catholyte in an electrolytic cell, with the electrodes
separated by an anion-permeable ion-exchange
membrane, many metallic hydroxides tend to pre-
cipitate in the cathode compartment, to compen-
sate for the loss of nitrate ions to the anolyte.
For a trivalent cation, the overall reaction can be
represented as follows :

R+ + 3H,0 + 3¢ — R(OH), + 3H

With ferric nitrate as catholyte, however, the
first-formed precipitate is dark brown, magnetic and
contains only 3-4 per cent of water after drying at
room temperature. On ignition at temperatures above
500° C., the product is rapidly converted to red,
non-magnetic ferric oxide, in eontrast to the mineral
magnetite (Fey0,), which retains its magnetism after
similar treatment. The air-dried material contains
a variable proportion of ferrous iron which is, on the
average, ten times less than that expected from
magnetite. The precipitate thus exhibits the same
properties as maghaemite, which is closely related to
synthetic gamma-Fe,O,.

It is surprising to find that an oxide of iron con-
taining so little water can be prepared from aqueous
solutions at room temperature. The majority of
methods! for the preparation of gamma-Fe,04 rely
on the preliminary formation of the monohydrate
(10-1 per cent water), with subsequent dehydration
to the anhydrous magnetic oxide at 230-260° C. Good
yields of maghsemite can be obtained by the
electrolytic procedure, however, provided that the
catholyte pH is maintained in the range 1-0-2-5. At
higher pH values, ordinary ferric hydroxide (25-2
per cent water) is the main constituent of the
precipitate.

We have also shown that ammonia, formed by
cathodic reduction of nitrate, is not inimical to the
formation of magh®mite and that the nature of the
cathode (whether platinum or graphite) is not a
critical factor.

Independent confirmation of the identity of the
material has been obtained through the courtesy of
Dr. A. D. Wadsley, of this Division, who has shown
that the somewhat diffuse X-ray powder diffraction
patterns can be indexed in terms of a primitive cubic
lattice, the cell edge @ = 8-35 -+ 0-02 A. falling within
the range of maghemite or gamma-Fe,O;. The
patterns appear to be derived from a superlattice
of the spinel grouping. While we make no claims
that this superlattice may be caused by the systematic
incorporation of water molecules or protons, it is of
interest that the chemical composition of our material
is not far removed from the formula HFe,O, (2-2 per
cent water), which is in good agreement with an
earlier report? on superstructures in spinels.
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