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A study of the possible effects of an external magnetic
field upon the reduction of NiO, Fe,0,;, and Co,0, by

hydrogen
P. K. Gallagher, E. M. Gyorgy, and W. R. Jones

Bell Laboratories, Murray Hill, New Jersey 07974
(Received 22 May 1981; accepted 10 July 1981)

The reduction of NiO, Fe,0,, and Co,0, by H, was followed using evolved gas analysis of the H,0 formed
during the process. This technique is insensitive to the presence of an external magneteic field. Samples of
these oxides were heated at several rates in flowing H, both with and without the application of an external
field of 4-7 kOe. There were no differences observed in the reduction behavior due to the presence of this

external field, contrary to some previous reports.

INTRODUCTION

There has been considerable interest, speculation,
and controversy regarding the influence of an external
magnetic field upon reaction rates of materials below
their magnetic transition temperatures, Two classes of
reactions and patterns of behavior have been observed.
One class is the reaction of nickel metal and carbon
monoxide to form nickel carbonyl, Initial reports!™
indicated a highly unique cyclic dependence of the reac-
tion rate upon external magnetic field strength, A re-
cent study, * however, suggests that this was an artifact.

The second class of reactions involves the reduction
of metal oxides by hydrogen. In this case, no cyclic
behavior has been observed but enhanced reactivity has
been claimed for the reduction of some oxides of iron®®
and cobalt” but not in the case of nickel oxide.® These
reduction rates have been followed by gravimetric tech-
niques which are subject to several problems associated
with the presence of a strong magnetic field, The at-
traction of the field for the magnetic reactant or product
phase overwhelms the weight change associated with the
loss of oxygen. Consequently, any variations in this
attraction due to changes in the temperature, crystallin-
ity, crystallite size, morphology, and rearrangement
or movement are highly significant.

In order to alleviate these problems, an evolved gas
analysis (EGA) technique has been developed whereby the
moisture content in the gas stream is used to follow the
course of the reaction.® 1 This EGA method has been
shown to give essentially identical results to thermo-
gravimetric techniques but is not subject to influences
by an external magnetic field. Samples of Fe,O;, C0,0,,
and NiO where heated in hydrogen with and without the
presence of an external magnetic field in order to deter-
mine if the magnetic field has a significant effect upon
the rate or temperature at which the reaction occurs.

EXPERIMENTAL PROCEDURES AND RESULTS

The EGA cell' and data processing®!! have been de-
scribed in detail elsewhere. Briefly, however, it is
based upon a Parametrics Model 3000 moisture sensor,
The output of this device is a voltage proportional to the
dew point of the gas stream, It is independent of flow
rate and has rapid response,

The samples were Co;04, Fisher reagent; Fe,Oj,
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C. K. Williams high purity, and NiO derived from
Fisher reagent NiCO, calcined in air for 1 h at 460 or
1000 °C. Surface areas were obtained by BET methods.
using N, adsorption (for the values, see figure captions),

Samples of the oxides were dried at 130 °C in vacuum
overnight, transferred to the EGA cell, and heated at
10 °C min™ in a flow of H, at 300 ml min™, Earlier
work!! in the absence of a magnetic field had shown
pronounced effects due to outgassing of NiO, Hence,
samples of NiO were also run at 2,0 °C min™ in the same
flow of H, but without the prior vacuum heating step.
Samples were run both at 0 and at 4 or 7 kOe external
magnetic fields,

The shape of the pole faces and the sample position
were chosen so that the resulting field gradient forced
the magnetic samples towards the bottom of the fused
silica crucible,

RESULTS AND DISCUSSION

The results using the predried samples are summar -
ized in Figs. 1-3 for Fe,0,, Co;0,, and NiO, respec-
tively. The presence of an intermediate species during
the reduction of Fe,O; is suggested by the shoulder
near 300 °C for the curves in Fig, 1. Reduction to
Fe,0, theoretically represents about 11% of the total
weight loss and appears to be a reasonable explanation
for the low temperature peak., Further reduction does
not show any evidence of an FeO intermediate. This is
expected because below 540 °C FeO is unstable with re-
spect to disproportionation into Fe;O, and Fe, No inter-
mediate species, e.g., CoO are evident during the re-
duction of Co;0, (see Fig. 2).

The major point, however, is that there are no sig-~
nificant differences in the reduction rates induced by the
external magnetic field for any of the oxides Fe,O,,
Co;0,, or NiO, as indicated by the close correspondence
of each pair of curves in Figs, 1-3, For the coarser
sample of NiO which was not preheated (Fig, 4) and
heated at a slower rate in a lower magnetic field, the
agreement between the two curves is again excellent.
The two-step nature of the reduction without preheating
in vacuum, which was observed earlier, ! is evident
again, It is not the purpose of this paper to elucidate
the mechanism of reduction of these materials but rather
to determine whether there are effects of an external
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FIG, 1. EGA curves for the reduction of Fe,O; (0.6 m®g™!) by FIG. 3. EGA curves for the reduction of NiO (57 m’g™") by H,
H, at 10 °C min": - 5,26 mg, 34.8% total wt. loss, 0 kOe; —-- at 10°C min™: - 24.38 mg, 23.3% total wt. loss, 0 kOe; ---
4.80 mg, 34.8% total wt. loss, 7 kOe. 25.76 mg, 23.1% total wt. loss, 7 kOe.
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FIG. 2. EGA curves for the reduction of Cos0, (1.6 m*g™!) by FIG. 4. ECGA curves for the reduction of NiO (1.0 m’*g™) by
H, at 10°C min': — 25.34 mg, 28.5% total wt. loss, 0 kOe; H, at 2°C min™; — 25.61 mg, 21.2% total wt. loss, 0 kOe;
--- 24,57 mg, 28.5% total wt. loss, 7 kOe. --- 24.69 mg, 21.2% total wt. loss, 4 kOe.
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magnetic field on whatever mechanism is involved.

Clearly, there are no significant advantages in per-
forming the reductions in a magnetic field such ag more
rapid rates or reduction in the temperature of the reac-
tion, Earlier gravimetric results®™ which imply such
changes are probably due to distortions of the gravi-
metric measurements brought on by magnetic effects
arising from, e.g., amorphous to superparamagnetic
to bulk crystalline transitions as the reaction zones
grow and/or rearrangement or alignment of the particles
during the reaction.
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