Analyzing Nanoribbon Structure of Cu-Ag Composites for
use in High Tesla Nondestructive Magnets
The ability to create a pulse
of extreme high magnetic fields
nondestructively provides researchers
with an extraordinary tool for studying
fundamental properties of materials,
from metals and superconductors to
semiconductors and insulators.
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Procedure

The tesla (T) is used as the SI unit
of measurement for very strong magnetic
fields while the gauss (G) is commonly used for
weaker magnetic fields.
1 tesla = 10,000 gauss
The world record 100 Tesla
Pulse magnet developed at the
MagLab endures the equivalent
of 200 sticks of dynamite
exploding at once.

Cu-Ag composite
was bent to
evaluate material
deformation.

Nondestructively means that
these magnets can be used
repeatedly whereas most
high-power pulse magnets
routinely explode due to the
large forces involved!

Objective
To determine the effect of stress on the
microstructure of bent Cu-Ag alloy composite
wires which are wound for making high energy
non-destructive pulse magnets.
This copper wire is laced with Ag-Cu
nanoribbons in a honeycomb pattern. When
extreme forces are applied, it shows superior
strength and good magnetic conductivity.
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HIGH SPEED SAW

For comparison, the
Earth's magnetic
field is about 50
microtesla, or
0.00005 tesla.

Cross
sections are
cut laterally
and
longitudinally
with a high
speed saw.

Samples are
baked into
conductive
molds and
polished to a
high reflective
sheen.

Results
Evaluating microstructure coarseness involved plotting
binary images comparing pixel contrast.

MOUNTING PRESS

The density is
multiplied by the
average thickness
of the Ag-Cu to
provide a graph of
the relative
microstructure
thickness.

POLISHING WHEEL

EMBEDDED
SAMPLE MOLDS

Longitudinal View
(SEM)

Lateral View
(SEM)

This unique structure in the wire allows for repeat use of
the magnet. Each time the magnet pulses it bends the
copper and silver wires, creating strain in the metal.
Uniform distribution of the silver-copper honeycomb is
imperative.

Molds must be devoid of scratches and
debris to achieve quality Scanning Electron
Microscope(SEM) images.

The concentration of the coarse microstructure
corresponds to a greatly induced strain of wire windings
of 6mm in diameter. Strain of 19% and below yields a
consistent microstructure and should be suitable for
windings of at least 12mm in diameter.

Areas of microstructure coarseness may indicate
increased strain.

Single line running
average of the
coarseness factor
of the
eutectics(Ag-Cu)
across the width of
the wire crosssection.

Elemental x-ray
results of general
cross-section in
SEM.

The average
coarseness divided
by the spread(Std
Dev) of coarse
structure is then
plotted against the
strain induced by
the bending stress.

Scanning Electron Microscopy allows
evaluation of the samples on a nanoscale.

Awesome SEM Images

Composite wire cross-sections are stitched
together using Photoshop and ImageJ.
Sample #2 Fracture at
90 degree bend
SEM Images of Marine Diatoms-microscopic silica algae
Diatoms courtesy of Dr. Akshinthala Prasad, Florida State University
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