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Abstract  [Background] In thorium-based molten salt reactors (TMSRs), **Pa is an important intermediate nuclide

in the conversion chain of **Th to **U, and **PaF; can be effectively separated from carrier salt by low-pressure
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distillation. However, some of the metal fluoride is vaporized along with **PaF, simultaneously, and the evaporated
fluoride may condense at different temperatures. [Purpose| This study aims to investigate the condensation behavior
of **PaF, and other key metal fluorides in the FLiBeZr molten salt during the low-pressure distillation process.
[Method] The FLiBeZr molten salt containing PaF; and various metal fluorides was low-pressure distillated to
examine the condensation behavior of **PaF, and key metal fluorides at different temperatures. Then, the optimal
temperature of key metal fluorides was evaluated and the separation characteristics between them and *’PaF, were
figured out. Finally, the separation factors of ***PaF; and the other metal fluorides were calculated and compared with
those of the entire low-pressure distillation process at the optimum condensation temperature of **PaF;. [Results]
The results show that the optimal condensation temperature for **PaF, and *’NbF, is within the range of 600~700 °C,
whilst it is within the range of 400~500 °C for *’UF, and *ZrF,. The comparison results show that there is no
significant difference in the separation factors of NbF, and **PaF,, but the separation factors of **UF, and *ZrF, are

increased by a factor of two to 20 times. [Conclusion] It is confirmed that the separation coefficient is determined

primarily by volatilization, but can be further improved by varying the condensation temperature.

Key words Low-pressure distillation, FLiBeZr, Condensation behavior, **PaF;, Key metal fluorides
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Fig.1 Experimental equipment photographs
(a) Nickel foil ring inside quartz tube, (b) Customized basket
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Fig.2 Height (a) and temperature (b) distribution of nickel
foil in quartz tube
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Table 1 Radioactivity dist(ggl)ltion of *’Pa and other key
nuclides at 700 °C (Bq)

[X B Region *Pa U »Zr “Nb
WIGA{H Initial value 3204 1179 3397  11.31
Ni-1 4.16 0.1 0.3 2.21
Ni-2 16.3 1.6 0 2.24
Ni-3 38.5 0.45 0.054 1.16
Ni-4 0 0.45 0 0.047
Ni-5 0.07 0 0.175 0

F2 800 °CT™Pa SEMAARENRE XEERAMMH1HEE
(Bq)
Table 2 Radioactivity distribution of **Pa and other key
nuclides at 800 °C (Bq)

[X Bt Region Pa U »Zr “Nb
YIUEH Initial value 293 1164 36.78 13.68
Ni-1 11 0.23 0.18 0.84
Ni-2 7.8 0.093 0.19 7.1
Ni-3 249.6 5.56 0.28 2.9
Ni-4 32 5.77 4.34 0.04
Ni-5 0.4 1.25 0.81 0.05

&3 900 °CT*’Pa 5 EAM R R R XBER AU 1R E
(Bg)
Table 3 Radioactivity distribution of **Pa and other key
nuclides at 900 °C (Bq)

[X B Region *Pa i) *Zr “Nb
WIUHMHE Initial value 1515 91.86  28.03  21.58
Ni-1 1.5 0 0 0.3
Ni-2 3.8 0.13 0.48 0.23
Ni-3 139 0.49 1.22 12.35
Ni-4 3.8 0 3.26 0.26
Ni-5 0.4 3.39 8.53 1.3
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Table 4 Separation coefficient of **PaF, and Ni-3 nuclides
at 8 Pa, 800 °C

I H Item ®Pa U "Zr ”"Nb

JEBL & Activity inraw salts 293 1164 36 13
7% RSB Activity in evaporation 272 12.903 5.8 8.3
Ni-3 BUUN&E & Activity in Ni-3 249.6 556 028 6.9
b — 83 5 1.4
L — 178 109 1.6

=5 900 °C T Ni-3EX ™ PaF. 5 X B E£ER NN S BET

Table 5 Separation coefficient of **PaF, and Ni-3 nuclides
at 8 Pa, 900 °C

T H Item ®pa PU "Zr  ”Nb
JFBl & Activity inraw salts 151 92 28 22

FE I Activity in evaporation 148.5 4.01 13.49 14.44
Ni-3 B SE R Activity inNi-3 139 049 122 12.35
B, — 22 2 1.4
B — 172 21 16
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