Analysis of Filament Fractures in Bronze Processed, Nb3Sn
Strands
Daniel G. Escobedo1, Peter J. Lee2, Manan K. Sheth3

National High Magnetic Field Laboratory – Applied Superconductivity Center, Tallahassee, FL, USA
Florida State University, Tallahassee, FL, USA

ABSTRACT
The Nb3Sn strands that I have been charged with are bronze processed,
meaning that the Nb or Nb-alloy filaments are embedded on a Cu(Sn) bronze
matrix and heat treatment reacts the Sn and Nb in order to form a Nb3Sn strand. It
is important to differentiate the bronze process from its competitor the internal Sn
process as the manner in which the Nb3Sn strands are produced is completely
different. Furthermore, through heat treatment and tensile testing filament fractures
were produced within the strand which in turn created distinct geometric features
and chemical changes.
Such geometrical features observed in the filaments were voids, notches, and
missing ends. Most importantly, these experiments have been designed so that we
can achieve the best possible understanding of what is happening to these strands
during heat treatment, and to see if any of those changes are influencing the
likelihood of filament fracture when the strand experiences mechanical loading
during magnet operation.
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SUMMARY

Figure #1 - Illustrated in the digital images are the
different geometrical features that appear during the heat
treatment of a bronze processed Nb3Sn strand, tested
under 1.14% strain through the center over 1000 cycles.
These particular images were acquired using a scanning
electron /focused ion beam microscope (SEM). (a) Top
Void (b) Bottom Void (c) Fully Reacted (d) Filament Only
(e) Notch/Neck, 40% (f) Missing Ends (g) Free in Void (h)
Near Unreacted (i) Longitudinal (j) End of Filament (k)
Full Crack (l) Number of Branches, 2 (m) Half Crack Top
(n) Half Crack Bottom

The initial Nb3Sn strand analyzed, had been heat treated and tensile
tested uniaxially in order to simulate the forces during real time
operation. Such occurrences that cause the filaments within the Nb3Sn
strands to fracture are the expansion and contraction of the strands
during the “Warm Up and Cool Down” phases as well as Lorentz force,
which is a force on a point charge due to high electromagnetic fields.
This initial strand provided a basis for the features I would have had to
search for in my experiments.
A long 450°C heat treatment was used to provide insight into the
changes that might be due to the multiple anneals that are applied to
bronze processed strands in order to preserve ductility during the wire
drawing process. Unfortunately, there was not enough time to analyze
the 450°C sample or the other heat treated sample.
FUTURE WORK

INTRODUCTION
Since the 1930s, thousands of scientists have been inspired by the sight of
billions and billions of fusion furnaces – stars, like our own sun – that flare across
the heavens, releasing vast amounts of light and energy. ITER is the latest
experiment to tap this fusion power, and is a joint collaboration of seven nations.
The hope is that fusion could solve our energy needs by generating electricity from
water, with no carbon dioxide emissions during operation and with relatively little
nuclear waste.
An important piece to the ITER “puzzle” is the Nb3Sn strands that allow the
power to flow fluidly through its processes. Unfortunately these strands are
extremely brittle and cannot withstand the forces produced during magnet
operation. This is why at the Applied Superconductivity Center and in many
institutions around the world there are a battery of experiments being undergone in
order to understand the filament fractures within these Nb3Sn strands.
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The digital images seen in figure 1 were promptly exported into Excel after being signaled
out from the SEM images, where they were each analyzed for the aforementioned
geometrical and chemical features. An example of this process is portrayed in figure 2
below. The resulting percentages analyzed from each of the geometrical features are
depicted in figure 3 below.

Through further testing we believe that both the 450°C samples and
the other heat treated samples will produce similar geometrical features
to that of the heat treated Nb3Sn strand tested under 1.14% strain.
Moreover, these similarities or lack there of will help us form an
association between the geometrical features and the cracking of
filaments, which in turn may help design or suggest better processing to
produce strands that are more resistant to cracking. Ultimately, the goal
is to supply ITER IO and collaborators data to help better predict strand
and cable performance and point the way to better strand and cable
production in the future.

EXPERIMENTAL METHODS
A.

Different bronze processed Nb3Sn strands – cut into 2 in. and 2.5 in.
samples.

B.

5 in. quartz tubes - seal off one end with stationary hydrogen torch and
shape sealed end into a hook with steel molding tool.

C.

Clean samples with ethanol and placed into quartz tube.

D.

Seal sample with hose - vacuum out oxygen and backfill with argon (repeat
a minimum of 3 times).

E.

Delicately seal opened end with hand held hydrogen torch.

F.
G.

Program furnace controller to desired heat treatment cycle.
Insert thermocouple and samples midway into furnace (thermocouple
outfitted to a laptop recording heat treatment cycle).

H.
I.

Run heat treatment cycle (Pulling out samples at desired times).
Snap open quartz tubes and cut ~4 mm samples (as many as desired).

J.

Use Buehler Simplimet 3000 Automatic Mounting Press to create a small
resin puck.

K.

Sand down resin puck to refit to Automatic Mounting Press where samples
are positioned into pre-drilled ~2mm holes (Fill any empty spaces copper
wire).

L.

Lower puck while applying pressure atop sample (prevents sample
misalignment), and refill mounting press with resin and run.

N.

Subject sample to several different prescribed grinding and polishing cycles
on the Buehler EcoMet 250 Grinder-Polisher.

O.

Place sample into Buehler VibroMet2 Vibratory Polisher for 72 hours
(replacing polishing liquid every 24 hours).

P.

Air dry sample for 5 minutes and image process sample using the scanning
electron/focused ion beam microscope (SEM).

Figure #2 - Depicts the
geometrical featured
categorization process
undergone for each
filament fracture. This
particular image
includes a screen
snapshot of both the
the entire excel file and
a close-up, in order to
better grasp the length
and detail attributed to
this portion of the
experiment.

(a.)

(b.)

Figure #4 - Depicts a (a.) 2.5 and (b.) 2 in. bronze processed sample
heat treated at 450°C. These digital images were taken by
an Olympus BX41M-LED Microscope.
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