Properties of Nb3Al Wires Processed by Double Rapid Heating and Quenching
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Superconducting properties

Introduction
Rapid heating, quenching, and transformation (RHQT)-processed Nb3Al wires have better strain and stress tolerance
than do Nb3Sn wires, and exhibit promising high-field Jc properties. Therefore, these conductors may be promising
candidates for use in future high-field accelerator magnets. However, the current state-of-the-art Nb3Al wire has a
lower critical current density than RRP Nb3Sn wires used recently for the development of high-field accelerator
magnets. Therefore, it is necessary to increase the non-copper critical current density (Jc) of the Nb3Al wires for use
in high-field accelerator magnets. To pursue this goal, we have introduced double rapid heating and quenching
(DRHQ) treatment into the fabrication process for Nb3Al wires.
The first trial DRHQ treatment of Nb3Al wire was performed more than ten years ago at the National Institute for
Materials Science in Japan. In that study, the second RHQ treatment was used to transform the phase to A15-Nb3Al
after the first RHQ treatment for the synthesis of the Nb-Al supersaturated bcc solid solutions. Furthermore, it is not
easy to utilize this process in real Nb3Al coil fabrication, since the filament materials of the DRHQ-processed wire
have already transformed to the brittle A15 phase.
Therefore, we investigated other conditions under which the filament materials remain in the bcc phase even after
the DRHQ treatment.

Fig. 4 & Fig. 5
・The non-copper Jc values of the as-quenched samples
(AR= 0%) were unexpectedly low.
・The effect of the second RHQ voltage on Jc was very small.
・The Jc of the samples subjected to the AR process after
DRHQ increased dramatically.
・There is a clear correlation between Jc and n-value.
・The area reduction of the samples after the second RHQ
treatment is very effective at improving their Jc and nvalues.
Fig. 4. Non-copper Jc of samples subjected to the 2nd RHQT.
The voltage shown in the legend is the 2nd RHQ voltage.

Fig. 5. n-values of samples subjected to the 2nd RHQT.

Fig. 6 & Fig. 7

Precursor wire preparation
Table. 1. Precursor wire parameters

Fig. 1. Cross section of precursor wire.

Wire diameter (mm)
Matrix material
Matrix ratio
Filament diameter (mm)
Filament spacing (mm)
Number of filaments

RHQ treatment

1.13
Nb
0.8
74
6
132

Fig. 6. Variation of non-copper Jc as a function of the area
reduction after the 2nd RHQT. The voltages shown in the
legend are the 2nd RHQ voltages.

Fig. 7. Variation of n-values as a function of the area
reduction after the 2nd RHQT.

・When ~15% AR was applied to the samples, the Jc (15 T)
values of the samples are about 14 times larger than those
of the original (AR=0%) samples.
・The improvement in Jc shows a saturation behavior when
the AR levels become larger than 20%.
・The highest non-copper Jc (~860 A/mm2 at 15 T and 4.2 K)
was obtained for the samples with ~36% AR.
・50% AR produces a small decrease in Jc from the highest
values.
・The n-values of all samples increase with AR, but some of
them decrease slightly at 50% AR.
Fig. 8

Mechanical properties

・With regard to the Jc value, the effectiveness of DRHQ
treatment is not obvious.
Fig. 9
・The Tc transition of the DRHQ sample with 0% AR is
comparatively gradual, but it becomes sharper when the
AR process is applied.
・ The Tc onset of the DRHQ sample with 36% AR is slightly
higher than that of the single-RHQ sample with 22% AR.
Fig. 8. Comparison between non-copper Jc values of
conventional single-RHQ- and DRHQ-treated samples.

Fig. 2. RHQ energy density vs. RHQ voltage for the 2nd RHQT.

The RHQ voltages suitable for producing bcc-phase
filaments in the second RHQ treatment were studied
using trial-and-error, and the results are shown in Fig. 2.

Fig. 9. Normalized magnetic moment as a function of temperature
for single-RHQ and DRHQ samples. The magnetic moment was
normalized by the moment value at 10 K.

Fig. 3. Vickers hardness in various regions across the cross
section of wires that were subjected to a 2nd RHQT and the area
reduction (AR) process.

Summary

The hardness values of the filaments after the 2nd RHQ
treatment are almost the same as those of the wires
subjected to a conventional single RHQ treatment. This
suggests that the mechanical properties of the bcc-NbAl
are not affected by the synthetic route.

DRHQ treatment was applied to multifilamentary NbAl precursor wires in order to improve their superconducting properties, and the properties of the resulting wires
were investigated. We found RHQ conditions suitable for producing bcc-phase filaments after the DRHQ treatment. However, most of the properties of the DRHQprocessed wires were very similar to those of the conventional single-RHQ-processed wires. An interesting finding of this study is that the Jc properties of the as-quenched
DRHQ-processed sample are fairly different from those of the conventional single-RHQ-processed samples.

