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Elastic Modulus Measurement of a Dry Process Fuel Pellet by
Resonant Ultrasound Spectroscopy
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Abstract The elastic moduli of simulated dry process fuels with varying composition and density were mea-
sured in order to analyze the mechanical properties of a dry process fuel pellet. Resonant ultrasound spectros-
copy(RUS) which can determine all elastic moduli with one set of measurements for a rectangular parallelepiped
sample was used to measure the elastic moduli of UO, and simulated dry process fuel. The simulated dry process
fuel showed a higher value of Young’s modulus than UQO, due to the presence of metallic precipitates and solid
solution elements in the UO, matrix. The correlation between Young's modulus and porosity(P) of simulated dry
process fuel was found to be 231.4 - 657.8 P (GPa) at room temperature. Dry process fuel with a higher burnup

showed higher Young’s modulus because total content of fission product element was increased.
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Fig. 1. Equipment of resonant ultrasound spectros-
copy(RUS).
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Table 1. Composition of additives for simulated DUPIC fuel with the reference composition.

elements weight percentage (wt.%) surrogates
reference DUPIC 10,000 MWd/U 20,000 MWd/tU
Rb 0.000 0.009 0.017 Rb,0
Sr 0.053 0.079 0.096 SrO
Y 0.035 0.048 0.057 Y,0,
Zr 0.284 0.384 0.472 Z10,
Mo 0.253 0.341 0.441 MoO,
Te 0.059 0.079 0.096 RuO,
Ru 0.166 0.251 0.339 RuO,
Rh 0.032 0.034 0.036 Rh,0,
Pd 0.109 0.159 0.235 PdO
Te 0.000 0.015 0.030 TeO,
Ba 0.146 0.187 0.226 BaCO,
La 0.094 0.128 0.159 La,0,
Ce 0.183 0.278 0.354 CeO,
Pr 0.086 0.112 0.140 Nd,0,
Nd 0.310 0.407 0.521 Nd,0,
Sm 0.068 0.080 0.095 Nd,O,
Th 0.039 0.038 0.037 -
U 97.255 96.566 95.780 U0,
Np 0.035 0.044 0.046 -
Pu 0.722 0.723 0.796 CeO,
Am 0.071 0.035 0.027 La0,
total " 100.000 100.000 100.000
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Table 2. The sintered density and x-y-z dimensions of RUS specimen for compositional comparison.

density theoretical density relative density
fuel (glem?) (g/em?) %) x(mm) y(mm) z(mm)
uo, 10.395 10.96 94.8 3.296 2.950 2417
DUPIC fuel 10.287 10.789 953 3.572 2.987 2.235
Table 3. The sintered density and x-y-z dimensions of RUS specimen for compositional comparison.
density theoretical density relative density
fuel (g/em’) (g/em®) %) x(mm) y(mm) z{mm)
DUPIC fuel 9.987 10.789 92.6 3.454 4.189 4.781
10.149 94.1 2.790 3.008 4.018
10.300 95.5 2.925 3.223 4.590
Table 4. The sintered density and x-y-z dimensions of RUS specimen for compositional comparison.
density theorecal density relative density
Burnup (glem’) (glem’) (%) x(mm) y{mm) z(mm)
10,000 MWd/tU 10.079 10.746 93.8 2715 3.602 3.959
20,000 MWd/tU 9.977 10.692 933 2.933 3.826 4.753
Table 5. Elastic constants of UQ, and simulated DUPIC fuel obtained from RUS.
fuel c,, (GPa) c,, (GPa) ¢y (GPa) E (GPa) v
Uo, 269.97 121.96 74.00 194.1 0311
DUPIC fuel 309.05 161.37 73.84 198.3 0.343
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Fig. 2. Young’s modulus for stoichiometric UO, fuel at sev-
eral temperature and fractions of theoretical density[15].
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Table 6. Elastic constants of simulated DUPIC fuel with burnup obtained from RUS.

E of DUPIC fuel with the same

Burnup ¢, (GPa) ¢, (GPa) ¢y, (GPa) E (GPa) v porosity (GPa)
10,000 MWdAAtU ~ 276.29 130.34 72.97 192.7 0.323 190.6
20,000 MWd/tU 287.69 145.95 70.87 189.4 0.337 187.3
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Fig. 6. Scanning electron micrographs of simulated
DUPIC fuel after sintering.
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