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Stabilizing this fuel system has game-changing disruptive potential
for small/transportable nuclear reactor technologies.
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Neutron moderation, or the slowing down of neutrons born from fission, is important for compact
transportable nuclear reactors because it reduces both neutron leakage and critical mass. Hydrogen is an
extremely effective neutron moderator. Most nuclear reactors use water as primary coolant, which also
serves as the moderator due to its hydrogen abundance. In mobile reactor designs, minimizing the volume
and mass of the system is a high priority in order to achieve the desired thermal neutron spectrum, which
prohibits the use of water coolant due to its associated containment and pressurization system requirements.
Metal hydride nuclear fuels, like uranium-zirconium hydride (U-ZrHy), combine the neutron moderator
(hydrogen) and fuel (uranium) into one material, enabling a thermal neutron spectrum from the fuel alone.
This improves reactor economics and transportability by reducing core size, mass, and complexity; this was
accomplished in the U.S. Microreactor Program’s liquid metal cooled Microreactor Applications Research
Validation and EvalLuation (MARVEL) reactor at Idaho National Laboratory (INL) using U-ZrHy.
Unfortunately, U-ZrH; is not a practical fuel for commercial power production even after fuel optimization
due to hydride destabilization. Yttrium retains hydrogen in solid phase at high temperatures better than any
other known element (roughly 1000x better than zirconium under comparable conditions). Designs have
been proposed whereby YHx and U are separated into different
moderator/fuel pins, but doing so can result in a positive reactivity
coefficient. The uranium-yttrium hydride (U-YHy) system has been

recognized as the “ultimate” self-moderating nuclear fuel since at least
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the 1970s, but uranium and yttrium are immiscible (like oil and water),
leading to rapid fuel degradation and crumbling during service. This
presentation introduces the theory, thermophysics, neutronics,
manufacturing, and current progress of the stabilization of the U-YHy
system using a novel grain boundary locking mechanism enabled by
nuclear nanotechnology. Stabilizing the U-YHx fuel system has
enormous game-changing disruptive potential for the nascent
microreactor industry and was selected for patenting in 2025.
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