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Abstract

Single crystals of (Nd1−xCex)2Fe14B, some reaching ∼ 6 × 8 × 8 mm3 in volume, are grown out of Fe-(Nd,Ce) flux.
This crystal growth method allows for large (Nd1−xCex)2Fe14B single crystals to be synthesized using a simple flux
growth procedure. Chemical and structural analyses of the crystals indicate that (Nd1−xCex)2Fe14B forms a solid
solution until at least x = 0.38 with a Vegard-like variation of the lattice constants with x. Refinements of single
crystal neutron diffraction data indicate that Ce has a slight site preference (7:3) for the 4g rare earth site over the
4 f site. Magnetization measurements at 300 K show only small decreases with increasing Ce content in saturation
magnetization (Ms) and anisotropy field (HA), and Curie temperature (TC). First principles calculations are carried out
to understand the effect of Ce substitution on the electronic and magnetic properties. For a multitude of applications,
it is expected that the advantage of incorporating lower-cost and more abundant Ce will outweigh the small adverse
effects on magnetic properties. Ce-substituted Nd2Fe14B is therefore a potential high-performance permanent magnet
material with substantially reduced Nd content.
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1. Introduction

The reduction of critical materials present in con-
sumer and industrial products in general, and in rare
earth (RE) -based permanent magnets in particular, is
a pressing concern due to increasing demand and a de-
cline and/or uncertainty in the supply chain of these ma-
terials. Dysprosium, judged to be the most critical of
these elements [1], is substituted onto the Nd site in
Nd2Fe14B (2-14-1) permanent magnets to increase the
value of their coercive field and maximum operating
temperatures [2, 3]. Depending on the application, the
amount of Dy added can be large, in the range of 1.4-8.7
wt% [1]. The highest temperature applications, those
that rely on the greatest quantities of dysprosium, are
required by the rapidly emerging technologies of wind
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turbines, magnetically levitated transport, and traction
motors for hybrid and electric cars [1].

Though Dy is indeed considered the most critical el-
ement, by many criteria Nd is not that far behind on the
list of these crucial energy materials [1]. It is therefore
imperative that new and innovative solutions are applied
to the synthesis of permanent magnets that contain more
abundant elements. To this end, recent work by Pathak
et al. [4] has shown that partial substitution of Ce for Nd
and Co for Fe (i.e. (Nd0.8Ce0.2)2Fe12Co2B) results in a
permanent magnet with properties superior to those of
Dy-substituted 2-14-1 magnets for temperatures above
450 K. However, these samples were fabricated as die-
upset, hot-pressed, or melt-spun ribbons where the ex-
hibited properties are dependent on such extrinsic fac-
tors as microstructure and secondary phases. Since 1)
Ce is by far the most abundant of the rare earth elements
and 2) these new magnets simultaneously eliminate the
need for Dy and reduce the amount of Nd used, they
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