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Binary and ternary ZrO2-doped tube-type Nb3Sn wires were prepared by Hyper Tech Research Inc. for this
study to investigate the effect of nanoparticle doping on the wire performance, with the aim of reaching the
FCC 16T dipole-magnets requirements. The specimen, monofilamentary and multifilamentary wires, were
characterized by magnetisation measurements in order to evaluate their critical temperature and critical cur-
rent. For this purpose we used SQUID magnetometry, whereas the upper critical field was determined via
resistivity measurements in a 17 T cryostat. We demonstrate an enhancement of the layer-Jc (at 12 T and 4,2
K) if compared with state-of-the-art binary and ternary wires (Ta or Ti-doped), which can be explained by
the grain size refinement. By correlating these results with high-resolution transmission electron microscopy
(TEM) and transmission Kikuchi diffraction (TKD) analysis it was possible to appreciate an average grain size
of 63 nm (in the best sample), resulting in a high grain boundary density which increases the pinning force.
In this sense, a pinning force scaling analysis was carried out, showing a shift of the peak position close to a
reduced field of 0.3. Scanning Hall probe microscopy (SHPM) was used to perform scans of the remnant-field
and Meissner state on the wires cross-section: from the latter it was possible to assess the effective A-15 su-
perconducting cross-section of the sub-elements as well as the radial Sn concentration gradient (confirmed
by EDX and SQUID-magnetometry data). Remnant-field scans were used for the evaluation of the currents
from the field profiles at different temperatures. Monofilamentary wires were also subjected to a longitudinal
inhomogeneity investigation: a 4mm sample was cut over its longitudinal axis and submitted to SHPM scans
and SEM. The results show not negligible variations in the A-15 effective cross-section along the measured
length, which explains the different magnetization data collected with SQUID-magnetometry.
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