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Abstract

In this study, the effect of the solubility of ammonium metavanadate and the decomposition ratio of ammonium ions on a
precipitation reaction—the precipitation of ammonium metavanadate by adding ammonium chloride to a sodium vanadate
solution—was investigated. As the precipitation temperature and pH increased, the decomposition ratio of ammonium ions
increased, and the decomposition ratio was greater than 81% at 45 °C and pH 9.3. This was approximately four times higher than
that at pH 8. The result of the precipitation reaction, in view of these two factors that significantly influence the precipitation
reaction, was that the precipitation yield increased as the temperature increased. However, the effect of temperature was not
significant above 35 °C. A kinetic study of the precipitation reaction revealed that the activation energy of the reaction was 42.3
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kJ/mol. Therefore, considering the solubility of ammonium metavanadate, the lower the temperature, the better the vanadium

recovery yield. Additionally, considering the decomposition of ammonium ions, the lower the pH of the aqueous solution, the

more advantageous. However, at pH 8 or less, sodium polyvanadate is precipitated and the purity of vanadium oxide may

reduce.
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Fig. 1. Precipitation yield according to pH at 40 °C.
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Fig. 2. Precipitation yield behavior with reaction time at pH
9.3.
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Table 1. The solubility of NH,VOs; in water with temperature

Temperature [°C] SOIUF;iltgoogf}Ii }(I)“]VO3
20 0.48
30 0.84
40 1.32
60 242
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Fig. 3. Fraction of NH," and NH; in aqueous solution with
solution pH (25 °C)'".

Table 2. The decomposition ratio of NH,;" and NH; at pH

9.3 and 8.0

Temperature [°C] pH 9.3 [%] pH 8.0 [%]
25 53.51 5.45
35 69.71 10.34
45 81.50 18.09
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Table 3. Concentration of vanadium in solution with tem-

perature
V solubility Real . V.pamcu?ated
Temperature ( c concentration | 1n reaction
[°C] [mg/L] of V(C) (AC)
[mg/L] [mg/L]
25 310.93 10310.93 10000
30 395.4 10395.4 10000
35 522.14 10522.14 10000
40 704.18 10704.18 10000
45 1033.8 11033.8 10000
50 1363.5 11363.5 10000

Table 4. Amount of ammonium chloride with temperature
(V 10,000 mg/L, 6.1 g of NH4Cl remained 2 wt%
in solution after reaction, 6.1 g)

[°C] [NH, NHs] [NFLCD1] el | o, e
25 0.945 6.5 6.1
30 0.924 6.6 6.1
35 0.897 6.8 6.1
40 0.862 7.1 6.1
45 0.819 7.5 6.1
50 0.769 7.9 6.1
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Fig. 5. Precipitation yield of NH4;VOs; with temperature.

Table 5. Precipitation rate constant with temperature at pH 8

Temﬁg]ature T [L/mokl<min] Ink
25 0.003354016 | 0.0854545 -2.45977
30 0.003298697 | 0.1387013 -1.97543
35 0.003245173 | 0.1555844 -1.86057
40 0.003193358 | 0.2044156 -1.5876
45 0.003143171 | 0.2594805 -1.34907
50 0.003094538 | 0.3519481 -1.04427
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