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Refining the Grain Size in Nb3Sn 

Conductor at Hyper Tech



Experience in conductor 

manufacturing, coil fabrication or 

both:

• BSCCO

• MgB2

• Nb3Al

• Nb3Sn

• NbTi

• Pnictides

• YBCO

• Other non-ferrous non-

superconducting

Processing equipment:

• Wire drawing equipment and furnaces for R & D 

conductor development

• Welded seam CTFF process for mono and multi-

filament wire (one shift 10,000 km/yr capacity)

• Large capacity twisting

• Wire-in-channel soldering

• Insulation braiding

• Coil winding capacity designed for strain-

sensitive wire

Superconductivity Industry Experience



18 m, 744

13 m, 1248

Conventional Tube Type Nb3Sn Strands

21 m, 547

• For tube type strands, our standard wire is the 192-

sub-element restack wire available in multi-

kilometer piece lengths. 

• Enable to achieve deff as small as 20 m in good 

length.

36 m, 192



Properties Summary of Strands 

Strand Deff Non-Cu Jc at 12 T, A/mm2 Ic of 0.7mm strands, A irr,0, % AC loss, mJ/cm3

192-subelement 35 m 2300-2600 420-480 0.24-0.26 2000

744-subelement 18 m 1900-2200 300-350 0.43-0.48 600

1248-subelement 12 m 1600-2200 250-350 ----- 400

High count restack wires could be used for 

future advanced fusion projects



Applications on Short Period Helical Undulators

Period (λ) 14 mm
Winding bore 8.0 mm
Beam aperture 7.0 mm
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1. Standard 0.7 mm 217 –

pattern Nb3Sn strand; 

2. ~ 1.6 km length;

3. Coil OD = 914 mm;

4. Wind and React;

5. Conductive cooling

Application: 5-11 T full body 

MRI systems that are 

conduction cooled and 

slightly larger than today’s 

3 T systems

 914 mm

One Meter OD Coil Made for High Field MRI 



Large Racetrack Coil Made for NASA Project 

Coil for University of Illinois

1. Standard 0.7 mm 217 –pattern Nb3Sn Strand; 

2. About 1.5 km length;

3. Dimensions: 31” x 12” x 6.5”

4. Wind and React;

5. Conductive cooling



Enhanced Pinning in Binary and 

Ternary Nb3Sn strand by using Internal 

Oxidation Method



EuroCirCol-P1-WP5 report, CERN, 2016.

FCC conductor specification: 

 Need over 40% improvement of Jc.

 Higher Jc is even better: more margin.

For FCC, short of Jc by 40% can lead to an 

increase of project cost by billions of dollars.

Motivation
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Record Nb3Sn Jc vs time:

The highest Jc has plateaued for nearly two decades, in 

spite of efforts to:

 adjust Nb/Sn/Cu ratio 

 adjust LAR (0.13, 0.2, 0.23, hybrid, etc.)

 adjust doping (7.5%Ta, 1.5%Ti, 2.0%Ti, 3.2%Ti, 

7.5%Ta+0.9%Ti, etc.)

 adjust heat treatment (605-750 °C, FSU recipe)

 adjust barrier composition (pure Nb, Nb-7.5%Ta)

J. Parrell et al., IEEE Trans. Appl. Supercond. 13 3470-3, 2003:

There is still a lot of room for improving 

pinning:

1. Jc ∝ 1/grain size; 

2. Small pinning center spacing -> shift in 

Fp-B peak to improve Bc2.



Schematic of a present-day Nb3Sn sub-element:

Sn source 
(Cu, Sn, etc.)

Nb or Nb-Ta Nb3Sn

Residual 

core

Heat treatment

Residual Nb

Internal Oxidation Method

Schematic of a modified Nb3Sn sub-element 

(Internal Oxidation Method):

Sn source 

+ O source

Nb-1%Zr Nb3Sn with 

ZrO2 particles
Heat treatment

Residual 

core

Residual Nb

Inter-granular 
ZrO2 particles

Intra-granular 
ZrO2 particles

In this technique, two modifications 

are made: 

 Use Nb-1%Zr instead of Nb.

 Add oxide powder to supply O to 

Nb alloy.

Patent: Xu, Peng, Sumption, 

PCT/US2015/016431



Nb-Sn Binary Tube Type Strands using APC (I)

Refine grain size: 100-150 nm → 35-50 nm

200 nm

New techniquePresent-day Nb3Sn New technique



Significantly increases 

Jc and Bc2

Nb-Sn Binary Tube Type Strands using APC (II)

X2.2

X2.2

Adding doping (measured): Adding doping (projected):



Can we make the filaments into practical strands?

The (48+7) restack wire was 

drawn down to 0.3 mm without 

any breakage, which have 

filament size of about 27 m.

2.5 mm 0.3 mm

Yes, we can make a high count restack!



Improve Jc in Tube Type Strands using APC 

The grains were slightly refined as about 80 

nm. The layer Jc at 12 T is about 6800 A/mm2

which is lower than the sub-element since the 

grains are not fully refined. We are optimizing 

the heat-treatment schedule.

Working on finding the recipe with optimal to optimize 

real state:

 ID/OD of Nb tube

 Cu/Sn ratio

 Oxide/Sn ratio 

 Heat treatment Schedule

 Choice of powders and mixing methods



Ti doped Ternary Tube Type strands using APC

1. The average grain size is about 50-60 nm 

after heat-treatment.

2. 1-1.5 at% Ti in Nb3Sn layer.

Ti doped samples with different 

oxidation level

3. Layer Jcs does not change with the oxygen levels.

Working on a feasible scheme to add Ti



Summary

1. Manufactured 919-pattern restack wire with diameter of 1 mm and 

0.7 mm at Hyper Tech, which could be used for future fusion 

applications;

2. Manufactured 217-pattern restack wire with diameter of 1 mm and 

0.7 mm at Hyper Tech, which is ready for high field applications;

3. Demonstrated grain refinement by a factor of 3 and a doubling of 12 

T Jc in monofilaments with the internal oxidation method;

4. Demonstrated the 30 m filaments size in multifilamentary wire and 

demonstrated the multifilamentary strands with refined grains and 

enhanced Jc values by using internal oxidation method;

5. Preliminary work on ternary by doping Ti shows high feasibility to 

improve Jc and BC2; 

6. Great potential for Nb3Sn to provide the desired engineering 

current densities to enable 16 T HEP magnets for FCC with large 

margin by improving pinning, but requires further R&D effort.



---- thank you for your attention


