Development of long length, high strength conductors
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The high-magnetic fields that the MagLab has created for our users are not available in
any other institute in this country. Because our users must have reliable, uninterrupted

access to these fields at all times, the maintenance of our magnets is an absolute |

priority.  This is especially true for the short-pulsed magnets that are our users’ |§

workhorses. In addition to these short-pulsed magnets, the MagLab has several other -

types, including the 100T pulsed and the 60T Controlled Waveform (CW) magnets.
Because the generator in Los Alamos is now under repair, these 100T and 60T CW
magnets are not currently available. This has led to even greater demand being placed
on the short-pulsed magnets that do not need the generator. To address the strong
demand and to keep the required conductors from running out, we rapidly developed
CuCrZr conductors with improved qualities and increased yields.

In this study, we enhanced both hardness and electrical conductivity in solution-
treated Cu-Cr-Zr conductors. After cold deformation, hardness increased by ~100%,
and electrical conductivity increased by 24%. We further demonstrated that post-
deformation aging increased hardness by another 27%~38% while bringing electrical
conductivity up an additional 80%. We attributed our simultaneous enhancement of
hardness and conductivity to the generation of deformation-induced, disc-shaped, and
semi-coherent precipitates with thicknesses less than a nanometer. Aging-induced
precipitates remained only a couple of nanometers thick, but their Cr content was
relatively greater than that of deformation-induced precipitates (see figure).

In collaboration with our vendors, we used the above fabrication conditions to
manufacture conductors for the 65T short-pulsed magnets. The first 65T pulsed
magnet using these conductors, with their improved design, delivered 1577 shots, of
which 972 were 60T or higher. (By comparison, 65T magnets made from older

conductors and following the older design delivered only 500 shots on average at >60

Figure: Longitudinal cross-section of the microstructure in a Cu-Cr-Zr conductor. This
unique microstructure allows the conductors to be drawn to a large strain (up to 2.9).
The conductors were drawn to various cross-sectional areas in long lengths for use in

short pulsed magnets, the 60T CW magnet, and the 100T magnet. a. An image
showing Moiré fringes (MFs) resulting from Cr nanosized strengthening particles. Some
MFs appear as dot arrays (indicated by a long arrow), while others appear as parallel
lines (indicated by a short arrow). b. Selected area diffraction pattern, showing particles
in a cube-on-cube orientation relationship with the Cu matrix [(100) Cr // (100) Cu and
[011] Cr /I [011] Cu]. The inset shows an intensity profile of the diffraction spots from
either the Cu matrix or Cr nanoparticles (indicated by P). c. Atomic resolution HAADF
image showing atomic columns (indicated by white arrows) of a strengthening particle
forming a semi-coherent interface with the matrix (see citation).

T).
Facilities and instrumentation used: Facilities for wire drawing, winding, inspection, and
microstructure examination
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