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Development of
nanometer scale
structures in
niobium-titanium
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Fig.1 Key processing steps and microstructural changes produced

by heat treatment and drawing in the manufacture of Nb-Ti

superconducting strand by the “conventional” process™
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Table 1 Aging heat treatment schemes

Items Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5
Pre-strain 4.46 5.35 6.25 6.25 6.25

I**HT 405 °C/3h 405 °C/3h 405 C/3h 405 °C/3h 420 'C/20 h

2" HT 405 °C/3h 405 °C/3h 405°C/3h 420 ‘C/20 h 420 ‘C/40 h

3HT 420 'C/20 h 420 'C/20 h 420 ‘C/20 h 420 ‘C/40 h 420 ‘C/80 h

4" HT 420 ‘C/40 h 420 'C/40 h 420 ‘C/40 h 420 ‘C/80 h

5" HT 420 ‘C/80 h 420 'C/80 h 420 ‘C/80 h - -

Interval strain 0.67 0.67 0.67 0.67 0.67

Final strain 4.44~5.55 3.65~5.57 4~4.72 4.47~5.39 4~5.6
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Fig.2 Microstructures of multifilament NbTi wire: (a) monofi-
lament bar, (b) cross section after assembling, (c) final wire,

and (d) NbTi wire morphology after nitric acid corrosion
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Fig.3 Effect of short time pre-heat treatment on the J,
of NbTi wire
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Fig.4 Effect of short time pre-heat treatment times on the J. of NbTi wire: (a) without pre-heat treatment, (b) one time pre-heat treatment,

(c) two time pre-heat treatment, and (d) J. comparison under the same final strain
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Fig.5 Effect of final strain on the critical current density of NbTi wire with different pre-strains: (a) 4.46, (b) 5.35, and (c) 6.25
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Fig.6  Effect of pre-strain on the J. of NbTi wire
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Fig.7 TEM images of the microstructure of NbTi filament in the

final wire: (a) cross section, (b) longitudinal section, and

(c) schematic illustration of 3D morphology
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Effect of New Heat Treatment on Microstructure and Critical Current
Density of NbTi Superconducting Wire

Guo Qiang'?, Zhang Pingxiang'*’, Feng Yong'~, Liu Xianghong'?, Li Jianfeng'*, Yan Kaijuan'~

(1. Western Superconducting Technologies Co. Ltd, Xi’an 710018, China)

(2. National Engineering Laboratory for Superconducting Materials, Xi’an 710018, China)

(3. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: NbTi/Cu wire with the low copper-to-superconductor ratio of 1.3 and filament number of 630 was prepared using highly

homogenous Nb47Ti alloy bar and oxygen-free copper. A new type of aging heat treatment (405 °C/3 h+405 °C/3 h+420 °C/20 h+420 °C/

40 h+420 °C/80 h) was proposed. Compared with the traditional heat treatment, this new type heat treatment can largely improve the

critical current density of NbTi superconducting wire to 3208 A/mm?, with an increment of 17.5%. When the pre-heat treatment times are

equal to or more than 2 times, enough nucleation can be formed and critical current density can be improved obviously. In addition, critical

current densities of wire under three pre-strain conditions (4.46, 5.35 and 6.25) all get the peak value when final strain is between 5.0~5.2.

So, the pre-strain should be controlled between 5.0~5.2.

Key words: NbTi superconducting wire; critical current density; aging heat treatment; pre-strain; final strain
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