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Thermochemical Evaluation and Preparation of Cesium Uranates
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Two kinds of | cesiumn uranates, Cs:UO. and Cs,U.0O., which are predicted by
thermochemical estimation to be formed in irradiated--oxide fuels, were prepared
from UsQs and Cs:CO; for measurements of the thermal expansions and thermal
conductivities. In advance of the preparation, thermochemical calculations for the
formation and decomposition of these cesium uranates were performed by Gibbs
free energy minimizer. The preparation temperatures for Cs;UQs and Cs.U.0O: were
determined from the results of the thermochemical calculations. The prepared
samples were analyzed by X-ray diffraction, which showed that the single phases
of Cs;UQ, and Cs,U;O; were formed. Thermogravimetry and differential thermal
analysis were also performed on these samples, and the decomposition temperatures
were evaluated. The experimental results were in good agreement with those of the

thermochemical calculations.
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Table 2(a) Example of calculation (conditions and reactants)

T=840°C, P=1.0atm, V=1.1418E+13dm3

reactants amount/mol
Ar/gas 1.0000E+11
O,/ gas 2.5000E+10
Us0g 2.0000E+0
Cs,CO4 3.0000E+0

Table 2(b) Example of calculation (output of gas phase)

h equil. amount pressure fugacity
545 pHase mol atm atm

Ar 1.0000E+11 8.0000E-1 - 8.0000E-1

Og 2.5000E+10 2.0000E-1 2.0000E-1

O 1.9226E+2 1.5381E-9 1.5381E-9

CO2 3.0000E+0 2.4000E-11 2.4000E-11
Og 5.6675E-1 4.5340E-12 4.5340E-12
CsO 7.7432E-2 6.1945E-13 6.1945E-13
Cs 7.4598E-2 5.9678E~13 5.9678E-13
UOg3 1.7635E-2 1.4108E-13 1.4108E-13
Cs20 8.0323E-7 6.82508E-18 6.8258E-18
CO 1.2775E-8 1.0220E-19 1.0220E-19
U032 4.6115E-12 3.6892E-23 3.6892E-23
Cso 1.3622E-15 1.0897E-26 1.08971-26
C 0.0 0.0 <1.0000E-75
Co0O 0.0 0.0 <1.0000E-75
C309 0.0 0.0 <1.0000E-75
U 0.0 0.0 <1.0000E-75
uo 0.0 0.0 <1.0000E-75
Cso00 0.0 0.0 <1.0000E-75

total 1.2500E+11 1.0000E+0
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Table 2(¢) Example of calculation (output of condensed phases)

condensed

equil. amount

phase activity
CssUs07 2.8568E+0 1.0000E+0
CssU 4012 6.7199E-2 1.0000E+0
UO3 0.0 1.9896E-1
U303 0.0 8.2126E-3
CsoUQ4 0.0 3.8789E-3
UO» 0.0 1.0056E-3
CsO2 0.0 2.9375E-6
UOg 0.0 4.4702E-8
Cso03 0.0 5.6151E-13
Cs 0.0 1.7160E~13
CsoCO3 0.0 2.0057E-16
Cs50 0.0 2.4063E-17
UO 0.0 4.7809E-26
C 0.0 3.1278E-29
uC 0.0 <1.0000E-75
U 0.0 <1.0000E-75
UsCs 0.0 <1.0000E-75
UC1.04 0.0 <1.0000E~75
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Fig. 1 Calculation results for preparation of Cs;UQ4; fraction of uranium
compounds, where Ar/Ox=4, Ar/Uz0g=1X1010, Cs,CO3/U 305=3.
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Fig. 2 Calculation results for preparation of CsyU2Q7; fraction of uranium
compounds, where Ar/Oz=4, Ar/UsOg=1x10", Cs,C0O3/U305=3/2.
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Fig. 5 Predominance area diagram of Cs-U-O system at 800%C,
where Cs—O means Cs, Cs;0, CsO.
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Fig. 8 X-ray diffraction pattern of Cs;UO4 at 20°C.
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Fig. 10  X-ray diffraction pattern of 8-Cs2UsO7 at 400TC.
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