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Abstract

We report refinement of crystalline boron by an attrition ball milling system and the superconducting properties of the
MgB, pellets prepared from the refined boron. In this work, we have conducted the ball milling with only crystalline boron
powder, in order to improve homogeneity and control the grain size of the MgB, that is formed from it. We observed that the
crystalline responses in the ball-milled boron became broader and weaker when the ball-milling time was further increased.
On the other hand, the B,O; peak became stronger in the powders, resulting in an increase in the amount of MgO within the
MgB,; volume. The main reason for this is a greater oxygen uptake. From the perspective of the superconducting properties,
however, the sample prepared from boron that was ball milled for 5 hours showed an improvement of critical current density

(J.), even with increased MgO phase, under an external magnetic field at 5 and 20 K.
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Fig. 1. Field emission gun-scanning electron microscopy
(FE-SEM) images of ball-milled boron powders with
different milling times of (a) 0 hour, (b) 5 hours, (¢) 10
hours, and (d) 20 hours.
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Fig. 2. X-ray diffraction patterns of reference and ball-
milled boron powders as a function of ball-milling time.
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Fig. 3. X-ray diffraction patterns for all MgB, samples with
different boron ball-milling times.
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Table 1. Calculated full width at half maximum (FWHM)
of (100), (002), (110), and (102) peaks for all MgB,
samples with different boron ball-milling times.

Ball FWHM (deg.)

milling (100) (002) (110) (102)
time(hrs)

0 0.227 0.223 0.234 0.324
5 0.282 0.320 0.308 0.372
10 0.279 0.361 0.309 0.452
20 0.318 0.314 0.373 0.435
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Fig. 4. Correlation between calculated grain size and lattice

strain for all MgB, samples with different boron ball-
milling times.
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Fig. 5. Normalized magnetization of MgB, samples prepared
from different ball-milled boron powders.
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Fig. 6. Magnetic critical current density (J.) of all MgB,
samples at 5 K and 20 K.
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