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Thermal Reactivity of Neodymium-Iron Alldy

by Teruhito OHTSUKA* and Toshihiro HAyAsHT™

Abstract: Neodymium-Iron (Nd-Fe) alloys have been widely used in advanced industries as source
materials for magnetic devices. Because Nd is a typical one of the rare earth metals with high
chemical reactivity, Nd-Fe alloys are suspected to have potential hazards of unusual reaction, such
as exothermic reaction with substances commonly misunderstood as “inert”. There have been, in
fact, reported accidents which might be attributed to ignition of Nd-Fe alloys.

This paper describes the reactivity of Nd-Fe alloy of certain composition with such “inert” com-
pounds as nitrogen (Ns), carbon dioxide (COs3) and water(Hz0). Thermal analysis is tried first for
Nd, Fe and Nd-Fe powders, by use of a calorimeter (Setaram C80D). Spontaneous ignition tests are
then carried out for several grams of powders in an enclosed test vessel with substantial volume.
Effect of CO3 on inerting dust explosions of Nd-Fe alloy powder is also studied.

Main results obtained from thermal analysis were; '

1) Pure Nd had exothermic peaks of oxidation around 300°C in air as well as in oxygen (Ogz), yet

no reactions were suggested in N3, CO2 and, of course, in argon(Ar) atmosphere.

2) For Nd-water mixture, the exothermic peak temperature was remarkably lowered to 100°C in
~air, COz and even in inert Ar. In N2, much higher peak was observed at 130°C.

3) By ESCA analyses on solid products after calorimetric test on Nd-water mixtures, only Nd and

oxygen were found in products generated not only in Ny and CO4 but also in Ar atmosphere. Those

facts suggested an exothermic oxidation between Nd and Os extracted from water.

4) Nd-Fe alloy showed similar behaviours, but the exothermic rates were relatively small.

Spontaneous ignition tests for Nd-Fe alloy powder gave following results;

5) In the atmospheric air, non-flame burning (red-hot oxidation) was observed when the powders
were heated above 170°C. No reaction was observed in Ny and CO4 for temperatures up to 350°.
6) When alloy powders mixed with water were heated, only found was the evaporation of water.
On the contrary, several drops of water dosed onto alloy powders heated above 290°C triggered a
red-hot oxidation even in Ar. The increase of mass in solid phase was converted to the mass of
oxygen, then compared to that of hydrogen generated in the gas phase, so as to find the ratio of
both subsatnces quite equal to the composistion of water. The fact clearly proved the validity of an
assumption made in item 3) above.

Those results implied that Nd-Fe powders should not be brought into contact with water, espe-
cially when they are heated. Dust explosions of Nd-Fe alloy powder could be supressed when more
than 50% of atmospheric air was substituted by COs.

Keywords; Neodymium, Nd-Fe alloy, Exothermic reaction, Oxidation, Inert, Thermal analysis,
Water '
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Fig. 1  Test apparatus used for spontaneous ignition of
Nd-Fe alloy powder.
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Fig. 2 Size distribution of Nd-Fe powders.
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Fig. 3  Thermal analysis for Nd in various atmospheres.
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Fig. 4 Effect of water addition on thermal behaviour
of Nd in various atmospheres.
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Fig. 5 Effect of temperature rise rate on thermal
analysis for Nd-Fe alloy in air.
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Fig. 6 Thermal analysis for Nd-Fe alloy in various
atmospheres.
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Fig. 7 Effect of water addition on thermal behaviour
of Nd-Fe alloy in various atmospheres.
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