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Elastic Constants Measurement of Simulated DUPIC Fuel
by Resonant Ultrasound Spectroscopy
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Abstract

The elastic constants of simulated DUPIC fuel with varying composition, density and burnup
were measured in order to analyze the mechanical properties for performance evaluation of
DUPIC fuel. Resonant ultrasound spectroscopy which can determine all elastic moduli with
one set of measurements for a rectangular parallelepiped sample was employed to measure
the elastic constants of UO; and simulated DUPIC fuel. Young’'s modulus of UO. determined
by RUS was close to the reported value of database reference (MATPRO-11) and simulated
DUPIC fuel showed higher value of Young's modulus than UO, due to the presence of
metallic precipitates and oxide precipitates and solid solution elements. The correlation between
Young’s modulus and porosity of simulated DUPIC fuel was found to be 2314 - 657.8 P

(GPa) at room temperature and Young’s modulus increased with burnup.
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Fig. 1. The amount of fission product in simulated spent fuel (a) and the theoretical density of

simulated spent fuel (b).
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Table 1. The sintered density and x-y-z dimensions of RUS specimen for compositional

comparison.
A= 2= | o]ERE | FUHEE | xF(mm) | yF(mm) | 25 (mm)
U0, 10395 | 10.96 95% 3.296 2.950 2417
simulated | 0567 | 10789 95% 3.572 2.987 2.235
DUPIC fuel| ‘ ’ ' ’ '

Table 2. The sintered density and x-y-z dimensions of RUS specimen for compositional

comparison.
A& g9 | o]EYUE [ AU E | xZ(mm) | yZ(mm) | zZ(mm)
9.987 92.6% 3.454 4.189 4.781
simulated o
DUPIC fuel 10.149 10.789 94.1% 2.790 3.008 4.018
10.300 95.5% 2.925 3.223 4.590




Table 3. The sintered density and x-y-z dimensions of RUS specimen for compositional
comparison.

A& 9 | o]EYUE [ AU E | xZ(mm) | yZ(mm) | zZ(mm)
10
10.079 10.746 93.8% 2.715 3.602 3.959
GWd/tU
20 .
GWd/tU 9.977 10.692 93.3% 2.933 3.826 4753

Table 4. Elastic constants of UQO; and simulated DUPIC fuel obtained from RUS.

A= C C C E
= v
11 12 44 (GPa)
UO, 2.6997 1.2196 0.7400 194.1 0.311
simulated
3.0905 1.6137 0.7384 198.3 0.343
DUPIC fuel

Table 5. Elastic constants of simulated DUPIC fuel with burnup obtained from RUS.

TUHEE
A= C11 c12 Ca4 (G]IEDa) y reference
DUPIC

10 GWd/tU | 2.7629 | 1.3034 | 0.7297 192.7 0.323 190.6

20 GWd/tU | 2.8769 | 1.4595 | 0.7087 189.4 0.337 187.3
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Fig. 2. Young’s modulus of UO; and simulated DUPIC fuel with porosity.
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