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Revised Crackling Core Model Accounting for Fragmentation Effect and
Variable Grain Conversion Time : Application to UO, Sphere Oxidation
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This study presents a revised crackling core model for the description of UO, sphere oxidation in air atmosphere. For close reproduction of
the sigmoid behavior exhibited in UO, to U;0; conversion, the fragmentation effect contributing to the increased reactive surface area and
the concept of variable grain conversion time were considered in the model development. Under the assumptions of two-step successive
reaction of UO, — U;0; — U;04 and final grain conversion time equivalent to ten times the initial grain conversion time, the revised model
showed good agreement with the experimental data measured at 599 — 674 K and a lowest deviation when compared with Nucleation and
Growth model and AutoCatalytic Reaction model. The evaluated activation energy at 100% conversion to U;Og, 57.6 kJ-mol"!, was found

to be closer to the experimentally extrapolated value than to the value determined in AutoCatalytic Reaction model, 48.6 kJ-mol .
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Fig. 1. Evaluation of CCM in describing UO, sphere oxidation at 599 K
(X;=0,7=1088, w=0.5) [11].
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Fig. 2. Fragmentation effect contributing to increased surface area
for gas-solid reaction.
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Fig. 3. Predicted reduced radius for different ¢, area expansion coefficients.
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Fig. 4. Comparison of conversion curves predicted by CCM and
Eqgs (18)-(20) for different & (X; = 0.5 and w=0.75).
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Fig. 5. Time domains for three reaction stages of CCM and Revised CCM.
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Sphere Oxidation
Table 1. Comparisons of three models in describing UO, sphere oxidation behavior
AARD (%)
Temperature (K)
NG Model ACR Model Revised CCM
599° 13.5 18.4 8.0
624 214 20.1 17.4
649 9.6 8.7 5.7
672 11.6 10.8 7.9
. . :i N X
AARD (%) =3 2 ‘1 e
559K in Fig. 5 of Ref [11] but corrected to 599 K based on the evaluation of data in Figs. 14 and 15 of the same reference.
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Table 2. Optimized model parameters

NG Model ACR Model Revised CCM
Temperature (K)
k 0 b T w €
599° 327 3.123 115 250 1469 0.486 330.6
624 185 3.468 36 148 567 0.73 348.9
649 74 2432 29 54 502 0.316 89.0
672 45 2.319 17 32 302 0.312 75.7
559 K in Fig. 5 of Ref [11] but corrected to 599 K based on the evaluation of data in Figs. 14 and 15 of the same reference.
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Fig. 10. Comparison of conversion curves optimized by NG model, ACR
model and Revised CCM at 672 K.
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