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Development of WBG sensors for
applications in extreme environment: fuel
cycle and battery

Abstract

The vulnerability of a closed fuel cycle stems from the risk of
diverting special nuclear materials (SNM) for ill-purposed use. The
ability to monitor actinides to prevent and detect the misuse of
SNM throughout the pyro-processing flowsheet is of paramount
concern to global nuclear security. There is a critical need to
monitor the concentration of actinides in the molten salt, and
preferably this monitoring tool should involve an on-line method.
While a few promising approaches have been proposed, none have
yet been proven to be both practically implementable and
sufficiently accurate. We are developing a sensor prototype based
on wide band-gap (WBG) semiconductor materials for the
measurement of actinide concentrations in molten salt at a high
temperature. The novel approach uses in-salt electro-deposition to
pre-concentrate actinides onto a sensor before measurement, the
benefit of which over voltammetry is the improved ability to
quantify specific actinides that might have similar electrochemical
reduction potentials and even isotopes that are electrochemically
indistinguishable. A group of SiC schottky devices has been
fabricated from commercial off-the-shelf wafers. The sensors
function well at 500 XC with only a slightly degraded resolution.
Notably, the sensor is also capable of being a nuclear voltaic battery
to harvest energy from radiation or to be self-powered sensors.



