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Abstract:

Conventional fuel for commercial nuclear reactors is uranium oxide (UO,). There are
proposals to replace UO, with uranium-zirconium hydride alloy, which offers several benefits. The
major benefit is the increased safety of nuclear reactors. A potential problem of switching from
UO, to UZrH,¢ arises from hydrogen gas, which could diffuse out of the fuel pellets in huge
quantities during an abnormally high-temperature incident.

Kinetics of hydrogen release from and reabsorb into the fuel pellet is critical to the safety of
this new fuel, as it is one of the parameters determining the rate of pressure rise inside the fuel
rod during a high-temperature accident. Therefore, researches need to be conducted and credible
information must be obtained before the UZrH, 5 fuel can be used in place of UO.,.

The aims of this research are: (1) Synthesize zirconium hydride from zirconium rods, using
a TGA machine and a high-temperature furnace, (2) Determine the slowest step and the equation
governing the hydrogen release from zirconium hydride in the temperature range of 500 — 1000°C
and in the H/Zr ratio of 1.50 to 1.70, (3) Determine the slowest step and the equation governing
the hydrogen absorption into zirconium hydride in the temperature range of 500 — 1000°C and in
the H/Zr ratio of 1.50 to 1.70, (4) Synthesize zirconium hydride from zirconium tubes identical to
fuel pellets, using a TGA machine and a high-temperature furnace, (5) Study the hydrogen
redistribution in the radial direction of the fuel pellet in the temperature range of 500 — ‘IOOOOC, (6)
Simulate hydrogen redistribution in a computer and compare results with that obtained from (5).

Results are: (1) Crack-free tubes of zirconium hydride with H/Zr ratio in the range of 1.5 —
1.7 were synthesized, (2) The slowest step governing the hydrogen release from zirconium hydride

is solid-state diffusion, (3) The equation governing the hydrogen release from zirconium hydride is

_ 5 1 (~20.11x10%/T) . ) .
k = 4.55x10"e where k is the reaction rate (moles H/cmz-s) and T is temperature (K),
(4) The slowest step governing the hydrogen absorption into zirconium hydride is solid-state

diffusion, (5) The equation governing the hydrogen absorption into zirconium hydride can be



obtained from curve-fitting the curve at each temperature using an appropriate non-linear equation,
(6) Crack-free rods of zirconium hydride with H/Zr ratio in the range of approximately 1.5 — 1.7
were synthesized, (7) H/Zr ratios along the radial and axial directions can be measured using beta
backscattering technique. However, results are not very satisfactory as the errors are still quite
high. Therefore, improvements should be made to allow a more precise measurement of H/Zr
ratio, (8) Hydrogen redistribution can be simulated in a computer using Comsol Multiphysics

software to calculate and display results.
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