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Abstract: Aluminum is one of cladding materials for nuclear fuel. It is important to investi-
gate the electrolytic dissolution of aluminum in nitric acid. The electrochemical impedance
spectroscopy. polarization curve and cyclic voltammetry cure of anodic aluminum electrode in
nitric acid under various conditions were collected. It turns out, under steady state, the
thickness of the passivated film of aluminum decreases with temperature while increases with
the concentration of aluminum nitrate. As the concentration of nitric acid increases, the
thickness of the film decreases first and then increases. Under the polarization current,
increasing of temperature, as well as the concentration of nitric acid and aluminum nitrate
can facilitate the breakdown of the film, thus anodic dissolution occurs. The dissolution rate
is only proportional to electric current, and a current efficiency of 0.4 g/(A « h) can be
obtained. Our results provide theoretical foundations for developing electrolytic dissolution
technology for aluminum-based nuclear fuel head end process.
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Fig.1 Three electrode system for the electrochemical test(a) and the working electrode(b)
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Table 1 Fitting results of impedance spectrums in different concentration of nitric acid
c(HNO3) / R./ . B R,/ L/ Rud/ i
(mol « L™ 1) (ohm « cm?) o (Charge number) (ohm « cm?) (H e+ cm?) (ohm + cm?) (Error)
1 1.609 0 21.02 0.927 7 164. 0 19. 10 306. 3 4.63X104
2 0.948 1 22.99 0.925 2 118.7 8. 006 186. 6 1.01 X103
4 0.709 0 26.27 0.912 0 109. 5 5. 674 157.1 2.03X10°3
6 0.697 8 27.07 0.914 8 125.6 7.978 209.1 1.38X10°°
8 0.779 3 25.24 0.905 9 210. 5 17. 45 533. 9 9.36X10*
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Fig.5 Impedance spectrum in different temperature
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Table 2 Fitting results of impedance spectrums in different temperature

R./ R,/ L/ R.a/ 2
l,/ C Q/;},F n . .
(ohm * cm?) (ohm + cm?) (H+ em?) (ohm * cm?) (Error)
25 0.718 1 27.67 0.908 1 112.1 5.779 159. 6 3.43X10 3
45 0.590 5 22.34 0.934 0 28. 46 0.401 5 44. 65 1.58 10 °
65 0.551 3 19. 17 0.947 9 8. 620 0.036 3 12. 89 1.35X10 %

71 (Note) : c(HNO;3;) =4 mol/L
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Table 3 Fitting results of impedance spectrums in different concentration of aluminum nitrate
c(AI(NO3)3) / R,/ R/ L/ Raa/ W
‘ Q/pF n .

(mol« L™ (ohm « cm?) (ohm * cm?) (H + cm?) (ohm * cm?) (Error)
0. 37 0.894 8 23.04 0.915 6 115.6 9. 745 230.2 1.51X10°3
0.93 1. 304 25.61 0.889 9 218.8 18. 66 350. 8 2.13X10°3
1. 40 1. 894 23.26 0.885 1 311.1 29.78 739.1 8.99X101

7 (Note) : c(HNO3) =4 mol/L,25 °C
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