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Thermodynamic analysis of alkaline removal of aluminium melt by
adding AIF, and its application in HX system

ZHOU Ce
(Fujian Nanping Aluminum Co., LTD., Nanping 353000, China)

Abstract; In order to solve the problem of removing alkali metals such as Na and Ca with electrolytic alumi-
num solution, AlIF; powder and argon were selected as alkali-removing agents and HX process and equipment
were developed for alkali-removing. Thermodynamic analysis results show that Gibbs free energy AG<0 was
satisfied for the reaction of AlF,with Na and Ca over a wide temperature range, and the chemical composition
of aluminum melt wouldn’ t be changed. The spin rotor technology was used, which dispersed AlF, powder and
Argon in aluminum melt uniformly. It not only increases the rate of alkali removal significantly, but also avoids
environmental pollution and equipment corrosion caused by the use of chlorine gas in the past. Process studies
obtained the optimal time and temperature of alkaline removal treatment, which were 15min and 800°C respec-
tively. Application results showed that the sodium level was decreased to 1.8x107® and the removal rate was
90.9% on average, and the calcium level was decreased to 0.2x107° and the removal rate was 94% on aver-
age, which means the new technology is efficient and environment-friendly.
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Tab.1 Calculation results of Gibbs free energy in reactions between Cl, and per mole of Na or Ca

2Na + Cl,(g) = 2NaCl

Ca + Cl,(g) = CaCl,

6/%C
AH/K]  AS/(J-K™) AG/k] AH/K]  AS/(J-K™) AG/k]
700 -407.99 -89.18 -321.20 -788.75 -143.71 -648.89
800 -406.18 -87.41 -312.37 -758.92 -115.16 -635.34
900 -375.85 -59.26 -306.33 -764.79 -120.44 -623.49
x2 BE/RNa.Ca5MeCl, REHWEHRITEREITESER

Tab.2 Calculation results of Gibbs free energy in reactions between MgCl, and per mole of Na or Ca

2Na + MgCl, = 2NaCl + Mg

Ca + MgCl, = CaCl,+ Mg

b AH/K]  AS/(J-K')  AG/K] AH/K]  AS/(J-K')  AG/K]
700 ~86.49 ~10.10 ~76.66 -145.76 14.45 ~159.82
800 -107.27 -31.18 -73.81 ~161.11 -2.69 ~158.22
900 ~77.99 -3.96 ~73.34 ~169.06 -9.84 -157.52

£3 SE/RNaCa5AF, RENEHEHETEER

Tab.3 Calculation results of Gibbs free energy in reactions between AIF, and per mole of Na or Ca

3Na + AIF, = 3NaF + Al

3Ca + 2AlF, = 3CaF,+2 Al

b AH/K]  AS/(J-K™) AG/K) AH/K]  AS/(J-K™) AG/K)
700 -71.53 -15.91 -56.04 -213.09 12.04 -224.80
800 -70.69 -15.09 -54.49 -212.90 12.22 -226.01
900 -69.70 -14.21 -53.03 -220.47 5.41 -226.82
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Tab.4 Calculation results of Gibbs free energy in the evaporation of per mole of Na or Ca removed by inert gases

Na=Na(g) Ca=Ca(g)
0/%C
AH/k] AS/(J-K™) AG/K] AH/K] AS/(J-K™) AG/k]
700 98.81 84.44 16.63 169.82 101.06 71.48
800 98.00 83.65 8.23 167.86 99.14 61.47
900 97.17 82.91 -0.10 157.58 89.92 52.09
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Fig.1 Diagram of alkali metal removal by HX system
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Tab.5 HX system’s major process parameters
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Tab.6 State parameters of electrolytic aluminium solution
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Fig.5 Alkali metal removal results by HX system
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