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Abstract: The gas-solid reaction of uranium tetrafluoride (UF,) with fluorine (F,) resulting
uranium hexafluoride (UF;) has been investigated using self-developed fluoride volatility
equipment. In this study, the Fourier transform infrared spectroscopy (FTIR) was used for
in-situ monitoring of fluorination process, while X-ray diffraction (XRD) and inductively
coupled plasma-mass spectrometry (ICP-MS) to characterize the reaction product and the
residue. Based on the analytical data, the process designed for recovery of uranium by fluor-
ide volatility was evaluated. The results show that the fluorination process, and the in-situ
monitoring of process by FTIR are feasible. In addition, the hydrogen fluoride (HF) as an
impurity in the product is removed effectively by vacuuming at low temperature. The kinetic
data indicates that the rate constant of fluorination reaction is 0. 002 7 min~' at 300 °C and
0.2 L/min ¢ = 5% F, by fitting the experimental data using the shrinking core model of

spherical particles.
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Process flowsheet of fluoride volatility experiment system
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Procedure of passivation

H i) (Objective)

*1
Table 1
FF S ] T F, Ji g (Flow rate)/
(Duration) /h  (Temperature rise) /C (L * min— 1)

0.5 25 0.2

2 25—>100 0.1

2 100—350 0.1

4.5 350 0.1

H #K ¥ #1 (Natural cooling) 0.1

BB VEIENE R
(Replacement of the air in the equipment and pipe)
TH 220K, IF IF 4R T 9 AL ( Dehydration and pre-fluorination)
2518 I i B3 I (Slow formation of passivation film)
B AL BR B Bt (Key formation stage of passivation film)
1851, B 1k 4l Ak I 22 (Slow cooling to prevent the film crack)
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Fig. 2 Results of FTIR from two successive scans(a) and the scan(b) after the gas pool vacuumed
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Fig. 3 Variation of the UF;

outlet concentration with time
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Fig. 4 Infrared detection results of UF; condensate product
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Fig. 5 XRD result of reaction residue
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