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Improved Nd-Fe-B Permanent Magnets

Recently Arnold Engineering Co., Marengo, lllinois and its parent company, SPS
Technologies, Newtown, Pennsylvania announced the development of a proprietary
manufacturing process that greatly enhances the corrosion resistance of Nd-Fe-B permanent
magnets while increasing the Curie temperature by more than 100°C. The process, which is
called AQUANIDE, consists of milling the Nd-Fe-B alloy in an attritor in water, vacuum drying
between 40 and 90°C, and then passivating the powder at a temperature between 125 and
300°C in a N, and/or CO, atmosphere. During the passivation process, a protective layer
consisting of nitride and/or carbide phases is formed on the surface of the powder. The
resultant powder is not pyrophoric and can be stored for prolonged periods of time in normal
atmospheres without degradation. Furthermore, since it is also magnetically stable it is suitable
for use in bonded magnets. The best magnet properties of the sintered AQUANIDE processed
Nd-Fe-B alloys were: a (BH),, energy product of 33.4 MGOe, a remanence of 11.8 kG, a
coercivity of 14.1 kOe, and a Curie temperature of 440°C. The word AQUANIDE has been
trademarked, and patent applications have been filed worldwide on this process. Arnold
Engineering has received notice of allowance of the U.S. patent claims, and intends to license
the AQUANIDE process technology.

Corrosion Resistance of Nd-Fe-B Permanent Magnets

The influence of interstitial impurities {carbon, nitrogen and oxygen) on the corrosion
resistance of Nd-Fe-B permanent magnets has been studied by A. S. Kim and F. E. Camp [J.
Mater. Eng. 13, 175 (1991)]. They find that the carbon content should be >0.06 wt.%, up to a
maximum of 0.14% for the best corrosion resistance. Similarly the oxygen content must be
>0.6 wt.%, but no upper limit up to 1.0 wt.% was found, while the optimum nitrogen content was
found to be 0.04 to 0.08 wt.9%. The precise role which carbon plays was not discussed, but the
authors thought that this impurity might have some influence on the microstructure of the Nd-
Fe-B alloy which reduces the corrosion rate. The carbon is reported to dissolve in the "pure”
neodymium metal phase in the grain boundaries, up to 0.14 wt.%. Beyond this concentration,
the carbon exceeds its solid solubility in Nd and forms a second phase, probably a NdC, phase
(with x ~ 1.5), which is readily oxidized or corroded by the moisture and oxygen in the
atmosphere. The authors noted that when the oxygen content was low the Nd-rich phase is
thick in both the grain boundaries and the junctions of grain boundaries. When the oxygen
content increases the Nd-rich phase becomes thinner in the grain boundaries and
agglomerates in the triple junctions of the grain boundaries, while at the same time the Nd-rich
phase (o-Nd) oxidizes to form a neodymium suboxide, NdO,, phase. The nitrogen is thought to
improve the corrosion resistance by assisting the oxidation of NdO, to Nd,O,.
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