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Effect of the Initial Microstructure of Low Temperature
Superconducting Monowire on Critical Current Density
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Abstract
Increasing the critical current density of superconducting wire is one of the difficult challenges in the field of
superconductivity. It is well known that the higher volume fraction of uniformly dispersed a-Ti is able to enhance the critical

current density of superconducting material NbTi because a-Ti serves as a flux pinning center. The volume fraction of a-Ti
highly depends on the grain size of NbTi because a-Ti precipitates at the grain boundaries or triple points. For this purpose,
we investigated the effect of initial microstructures of NbTi obtained from hot rolling in various temperature conditions on
the critical current density. In addition, subsequent heat treatment was assigned to precipitate a-Ti and groove rolling/cold
drawing was adopted to produce a wire with a diameter of about 1.0 mm. It was observed that the band structure was formed
after hot rolling at 500~600°C. It was also found that the volume fraction of a-Ti after hot rolling at 500~600°C was higher

and it led to the highest critical current density.
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Fig. 2 Schematic diagrams of process used in experiments
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Table 1 Experimental procedure

Sequence Condition Process Diameter Strain(e)
1 Hot rolling @44 > 122 mm <0.7
2 1t groove rolling @20 > @15 mm 0.58
3 Nb-45.9wt%Ti Rod 1%t heat treatment : 420°C 80 hours
4 2" groove rolling | @15 -> #8.42 mm ‘ 1.15
5 2" heat treatment : 420°C 80 hours
6 _ 1% drawing | p17>0642mm | 195

Monowire
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8 2" drawing | 9642>01.03mm | 366
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Table 2 Result of EDS analysis

Element Content(wt%)
C 1.69
0 2.19
Ti 4592
Nb 50.2

As-received

Fig. 3 OM image of as-received NbTi rod
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Fig. 4 OM images of initial microstructure after hot

rolling
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Fig. 5 Vickers hardness after hot rolling
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Fig. 6 OM images after rolling and heat treatment using
the specimen obtained from hot rolling at 600°C
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Hot rolling at 400°C

Hot rolling at 500°C

Hot rolling at 600°C

Hot rolling at 700°C Hot rolling at 800°C Hot rolling at 900°C

Fig. 7 BSE images (x30,000) : (a) after 1% heat treatment, (b) after 2" heat treatment, (c) after 3" heat treatment

Hot rolling at 400°C Hot rolling at 500°C

Hot rolling at 600°C

Hot rolling at 700°C Hot rolling at 800°C Hot rolling at 900°C

Fig. 8 BSE images (x30,000) : (a) after 2" groove rolling, (b) after 15t drawing, (c) after 2" drawing
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Fig. 12 Critical current density(Jc) at 4.2 K according to
temperature in hot rolling
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