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Abstract: Acidic mine drainage (AMD) containing high concentrations of heavy metal ions such as Fe*" and Mn>" was treated by a
freezing method utilizing the purification effect of ice crystals. The process parameters for removing Fe*" and Mn®* from simulated
AMD via the freezing method were optimized through single-factor and orthogonal experiments, and the optimal conditions were
determined (for Fe*': freezing temperature of —12°C, initial concentration of 0.9mg/L, freezing radius of 4.25¢cm; for Mn>": freezing
temperature of —6°C, initial concentration of 1.2mg/L, freezing radius of 5.00cm). The optimized process was then applied to treat
actual AMD. The results showed that the removal rates of Fe*” and Mn®* from the actual AMD reached 60% and 59%, respectively,
which confirmed the effectiveness of the technology. Furthermore, barley seeds and seedlings were used as model plants to evaluate
the phytotoxicity of the AMD before and after treatment. The results indicated that, compared with the untreated AMD, the treated
AMD did not inhibit the germination of barley seeds or the growth of barley seedlings. This study confirmed that the freezing method
can not only effectively remove heavy metal pollutants from AMD but also significantly reduce its biotoxicity.
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Table 1 Comparison of low concentration zone effluent at

different freezing temperatures
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Fig.4 Migration and variation patterns of Fe*” in acid mine

drainage over freezing time
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Table 3 Comparison of freezing temperature water discharge

in the low—concentration zone

A UR SR ] VKA AR VKA JE PR
©) (h) (mL) (mg/L) (%)
-6 31 250 0.632 60.50
12 15 271 0.670 58.13
-20 12.5 285 0.675 57.80
25 8 300 0.925 42.18
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Table 4 Comparison of various indicators in the low—

concentration zone at different initial concentrations

PIUIREE VRIS W) K VKA ENZES
(mg/L) (h) ) (mg/L) )
1.2 19 82.29 0.481 59.96
1.6 15 80.11 0.670 58.13
2.0 17 77.42 0.870 56.50
2.4 17 76.57 1.584 33.98
2.8 21 91.43 1.585 43.39
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1 T, G Rs 82.50
2 Ty G R, 75.32
3 Ty Cs R 60.76
4 T, ol R 75.11
5 T, G Rs 61.44
6 T, Cs R, 53.94
7 Ts ol R, 64.07
8 Ts G R 67.17
9 Ts Cs R; 63.65
K, 218.58 221.68 203.04 -
K> 190.49 203.93 193.33 -
K; 194.89 178.35 207.59 -
ki 72.86 73.95 67.68 -
ks 63.50 67.98 64.44 -
ks 64.96 59.45 69.19 -
W% R 9.36 14.50 475 -
B/ C>T>R
A A T\C\R;
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