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Direct Growth of Nd;Fe;,B Phase by Containerless Processing
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Nd,Fe 4B molten alloy droplets were containerlessly solidified using a 25 m drop tube. The relationship between the sample
diameter and the microstructure was investigated. The diameter of the resultant spherical samples was in the range from 150 to
2000 pm. When sample diameter was larger than 500 um, the microstructure of the spherical sample consisted of the o—Fe phase
embedded in the Nd,Fe 4B matrix within entire sections. In the spherical sample with diameter of 400 pm, the microstructures
consisted of two regions, one was Nd,Fe ;B columnar grains and the other was o—Fe phase embedded in Nd,Fe 4B matrix. The
columnar Nd,Fe 4B region expanded as the sample diameter decreased from 400 pm to 350 pm. When sample diameter reduced
to 250 um, the microstructure of the spherical samples consisted of the pure Nd,Fe 4B dendrite without any o~Fe phase.
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Fig. 1 Nd-Fe-B pseudo-binary phase diagram sectioned
along the tie-line from Fe to Nd,B.
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Fig. 2 Schematic diagram of the drop tube experiment.
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Fig. 3 Relationship between the sample size and free fall dis-
tance of the melt which experience the undercooling of 0.2 x 7y,
prior to solidification.

Table 1 Physical properties used in the theoretical calculation
in Fig. 3.

Parameter Unit Value
C, Jkg 1K1 502

T K 1650

T K 300

P kgm3 7600

Pe kgm-3 1.784

K, Pas-1t 0.0163

€ — 0.1

g ms~2 9.8
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Fig. 4 XRD patterns of solidified spheres with diameter of (a)
2000-1900 pm, (b) 520-480 um, (c) 415-385 um, (d) 360-340
pm, and (e) 260-230 um. For comparison, XRD pattern of
original alloy (f) is also shown.
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Fig. 5 Cross sectional microstructures of Nd,Fe 4B alloy with
(a) 496 um, (b) 393 um, (c) 341 um, and (d) 250 um in di-
ameter. (a'), (b'), (¢') and (d’) are further magnified micro-
structures of those at the enter, respectively.
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