
Introduction
Superconductors are a class of material that when cooled to low temperatures, conduct electricity with 

zero resistance. The main use of superconductors is in large magnet systems for particle accelerators 

and the ITER experimental fusion reactor being built in France. Nb3Sn, processed into composite, 

multifilamentary wires, is one of the main superconducting materials used in these magnet systems. 

Due to Lorentz forces induced during magnet operation, the brittle Nb3SN filaments in these wires 

crack, causing a degradation of the performance of the magnets. Previous experiments probing the 

fracture mechanics of Nb3Sn filaments have utilized whole wires in their tests. This work extracts the 

tiny Nb3Sn filaments from their component wires for testing and is therefore able to probe the intrinsic 

properties of Nb3Sn.

ITER style, Internal Sn processed Nb3Sn wires were cut into sections  approximately 6 in long. 

The ends of these wires were electroplated in a solution of:

• 1000 ml H2O

• 40 ml H2SO4

• 185 g of CuSO4

for 24 hours to prepare the samples for heat treatment. 

Electroplated wires  were vacuum sealed in quartz tubes and heat-treated in a furnace to react the Nb

filaments with the Sn cores, making Nb3Sn. Wires are reacted after processing because Nb3Sn is a 

brittle material and would fracture under the stresses during processing. 

Sample Preparation

Nb3Sn filaments were transferred to notecards attached to steel plates in our tensile tester. Then using 

superglue, filaments were fixed to the notecards, using alignment indicators on the notecards as guides. 

The glue was left to dry for one hour before beginning the test.

Pictures of a good bulb (left) and a bad bulb (right)  from electroplating. Bad bulbs allow Sn to leak 

from the wires during heat treatment, ruining the ends of the samples. 

Composite image showing the stages of the filament extraction process.  
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Tensile testing set-up. Superglue fixes filaments 

to notecards taped to steel plates. 
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Typical Load-Extension curve generated during 
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Heat treatment schedule

1. 210°C- 50 hours

2. 340°C- 25 hours

3. 450°C- 25 hours

4. 575°C- 100 hours

5. 650°C- 200 hours

A composite Nb3Sn wire used in our research.

1. Stabilizing Cu

2. Nb diffusion barrier

3. Nb3Sn filaments

4. Interfilamentary Cu
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Filaments swell in size as they react to form 

Nb3Sn.

There is a distribution of filament sizes 

in the wires, meaning there will be a 

distribution of mechanical loads carried 

by the filaments.

After compiling many fracture stress values, a Weibull

distribution can be fit to the data. The Weibull

parameters k and λ can be used in computer simulations 

to predict how filaments will fracture in wires during 

magnet operations.
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After heat treatment, 2 cm long sections of wire were cut from the 650°C- 200 hour samples and 

etched with the following acids to expose the Nb3Sn filaments.

• 50% HNO3 acid wash to remove stabilizing Cu

• 50% HF acid wash to remove Nb diffusion barrier

• 50% HNO3 acid wash to remove interfilamentary Cu

A single Nb3Sn filament. Nodular 

surface shows individual Nb3Sn 

grains.

Cross-sectional image of a tested Nb3Sn 

filament. Because there are a distribution 

of filament sizes, the fracture load must be 

normalized by computing stresses.
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Unreacted 450°C 650°C- 200hrs

ITER Tokamak design. Both the Toroidal Field 

magnets and the Central Solenoid are Nb3Sn 

magnets.

1. Toroidal Field magnets

2. Central Solenoid
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The performance of Nb3Sn wires can degrade 

during magnet operation. The degradation is due 

to Nb3Sn filaments cracking in the wires.
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Our tensile tester. Test set-up highlighted.

During heat treatment Sn cores gradually react with the Nb filaments, forming Nb3Sn.

Conclusions…

• The size distribution of Nb3Sn filaments in our Nb3Sn wires has been determined.

• A filament extraction technique has been developed to separate individual filaments from Nb3Sn 

wires.

• A successful testing technique has been developed to mechanically test individual Nb3Sn 

filaments.

• Future work will work focus on characterizing the size of individual filaments after testing to 

determine the Weibull parameters for Nb3Sn.
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