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Effects of Filament Size on Critical Current Density in Bi-2212 Round Wire
Jiang, J.; Francis, A.; Alicea, R.; Matras, M.R.; Kametani, F.; Trociewitz, U.P.; Hellstrom, E.E. and Larbalestier, D.C. (NHMFL, FSU)

Introduction 

Bi-2212 wires are available in multiple architectures and kilometer pieces for high field coil fabrication following  process innovations at Oxford Superconducting Technology (OST) by Yibing Huang and his team. One of the key design parameters for Bi-2212 wire is the filament size, which historically has been believed to affect critical current density (JC) and the filament coupling. OST is routinely producing 2212 wires with varying filament configurations to fit customer wire diameter preferences that are typically based on an optimum filament size of ~15 µm. This leads to 37x18, 19x36 and 55x18 stacks for 0.8 mm diameter wire, 85x7 and 55x18 for 1.0 mm, 85x18 for 1.2 mm, and 121x18 for 1.4 mm.  However, as we are making a variety of 2212 coils, we wanted to understand the potential drawbacks to using these architectures at sizes different from their nominal optimized filament diameter. Accordingly, we studied a recent Bi-2212 wire with 121x18 filaments designed for 15 m/1.4 mm diameter use, which we wanted at 1 mm diameter.
Experimental 
[image: image2.png]2
Jo A/mm

8000

7500

7000

6500

6000

5500

5000

4500

4000

1300

1200

1100

1000

900

800

700

2
Jo, Almm




The Bi-2212 wire (OST billet pmm151103) used Nexans standard granulate powder (lot 87) with a composition of Bi2.17Sr1.94Ca0.90Cu1.98Ox.  The Bi-2212 powder was always surrounded by pure silver but the outer sheath of the 121x18 stack was made with a Ag-Mg(0.2wt%) alloy. One piece was drawn to diameters of 1.5, 1.4, 1.3, 1.2, 1.1 and 1.0 mm to study the effect of filament size on JC.  In the remainder of this report, these wires are referred to by their as-drawn diameter, e.g. 1.0 mm wire. Most of the wire was drawn into a single 1200 m long length 1.0 mm in diameter for later coil use. To analyze filament size and wire cross section area, a powder densification heat treatment of 830°C/12h under 50 bar with oxygen partial pressure (pO2) of 1 bar was performed.
Results 

Fig. 1 shows JE (4.2 K) and JC (4.2 K) as a function of applied field for the supposedly less than optimum 1.0 mm wire. A new record JC (4.2 K, 15 T) of 4200 A/mm2 was achieved.  Fig. 2 shows JC (4.2 K, 5 T) and n value as a function of the densified Bi-2212 filament size. JC is effectively independent of filament size, although the n value does degrade at smaller wire diameter, suggesting a more uniform IC distribution in the larger wires and perhaps indicating some degradation of as-drawn filament quality at the 10 m scale.
Conclusions
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We investigated a Bi-2212 round wire with 121x18 filaments at various diameters from 1.0 to 1.5 mm that were OP-HTed at 50 bar. We found that JC is independent of the filament size over the range from 9.3 µm to 13.8 µm. 
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Fig.1 JC (4.2 K) and JE (4.2 K) as a function of applied field for 1.0 mm wire OP-HT at 50 bar with  IC (4.2 K, 5 T) = 824.5 A.
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Fig.2 JC (4.2 K, 5 T) and n value as a function of the densified Bi-2212 filament size. The dashed lines are to guide the eye.








