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Iron Phosphate Coating on Pyrite Surface for Reduction of Acid Rock Drainage

Gyoo Ho Lee, Jae Gon Kim*, Tack Hyun Kim and Jin-Soo Lee

Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea

Acid drainage occurs when sulfide minerals are exposed to an oxidizing environment. The objective of this study
was to examine the optimum condition for creating a phosphate coating on standard pyrite surfaces for reduction of
pyrite oxidation. The solution of 102 M KH,PO,, 102 M H,0,, pH 6 was identified as the best phosphate coating
agent for the reduction of pyrite oxidation. The formation of an iron phosphate coating on pyrite surfaces was con-
firmed with ore microscope and scanning electron microscope equipped with energy dispersive spectroscopy. The
temperature did not significantly affect the formation of phosphate coating on the surface of pyrite. However, the
phosphate coating was less stable at higher temperature than at lower temperature. The phosphate coating was
quitely stable at wide range of pH and H,0, concentration. The less than 3.4% of phosphate was dissolved at pH
2.79 and 10.64 and less than 1.0% of phosphate was dissolved at 0.1 M H,O,. On the basis of these results, the
phosphate coating can effectively reduce the negative environmental impact of acid rock drainage.

Key words : pyrite, acid drainage, iron phosphate coating
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Fe?t= 000 9JajM Fedtz Atgtsal a2 43t
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Table 1. Coating conditions and concentrations of total and
ferrous iron and sulfate of coating solutions.

Total Fe SO»

Condition KH,PO, H,0,

No. () - oy P (mg/l)
1 10 001 2 43.52 123223
2 3 4463 613.68
3 6  34.94 363.21
4 002 2 4157 1238.08
5 3 5059 709.77
6 6  39.19 430.18
7 0.05 2 4766 1336.84
8 3 5657 669.69
9 6 4951 494.23
10 008 2 5436 1635.86
11 3 6284 721.87
12 6 6243 579.44
13 0.1 2 6092 1596.43
14 3 6738 766.12
15 6 6488 607.71
16 107 001 2 4048 1231.86
17 3 7.10 385.13
18 6 4.14 345.18
19 002 2 4281 1214.02
20 3 10.16 445.69
21 6 17.79 466.72
22 005 2 6558 1319.05
23 3 2307 575.64
24 6  30.17 581.96
25 008 2 7850 1493.57
26 3 4077 731.92
24 6 4869 706.58
28 0.1 2 916l 1524.76
29 3 4735 755.60
30 6 5795 741.46
31 10 001 2 28.55 1442.54
32 3 2.19 354.71
33 6 0.12 143.69
34 002 2 2975 1260.93
35 3 3.51 503.15
36 6 0.05 124.03
37 005 2 3629 1465.29
38 3 6.51 836.83
39 6 0.69 215.38
40 008 2 3813 1600.86
41 3 11.45 1017.96
2 6 0.01 383.79
43 01 2 4401 1731.94
44 3 12.39 1049.12
45 6 0.06 512.62
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B5E A BHd HNE BjkEe] HHoez 9l
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Fig. 1. The amounts of total iron and sulfate released from pyrite in coating solutions of 10°M KH,PO,(a and b), 10”°M

H,0,(c and d), pH 6(e and f).
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fdoMes BE H,0, FE0A pH w3l o& Fe
F59 Holrt FEEkA] @9k LK(Table 1), 102M
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Zhang and Evangelou (1996)x= pH 4~6°14 ¥4
A 18123 (Fe(OH)p)0] 34 0] e F4 50
H;0,9] A5F5 e gA a9 A8ls A%t
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F652 + 7.5H202 = Fe(OH)g(S) + 28042’+ 4H* + 4H20

oq7)1M 828 L Felte] 85k we £

B Alow A% £ Q7 M ¥H] mupo
2 ¥A-¥E 4% riNicholson ef al., 1990; Moses
and Herman, 1991; Zhang and Evangelou, 1996).
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B BAEE FF30Y Aol el 33
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Fig. 2. Stability diagram of iron phosphate and iron
hydroxide (after Evangelou, 1995). Equilibria constants
for determining stability lines were obtained from Lindsay
(1979).
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Fig. 3. Microphotographs of (a) untreated pyrite, (b) untreated pyrite oxidized in 10""M H,0, solution, (c) iron phosphate-
coated pyrite, (d) coated pyrite oxidized in 10""M H,0, solution.
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Fig. 4. SEM microphotograph and EDS spectrum of iron phosphate-coated pyrite.
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Table 2. Total Fe, PO,>
4°C- and 70°C-coated pyrite at 4 and 70°C.

Al <
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and SO, concentrations of coating solutions and 10" M H,0, solutions reacted with uncoated,

Coating PO> SO> Oxidation i Total Fe PO,> SO~
temp.(°C) (mg/h) temp.(°C) P (mg/1)

uncoated - - 4 2.01 30.34 0 35231

70 248 65.54 0 673.45

4 636.190 189.800 4 2.16 9.01 0.99 220.51

70 2.63 33.30 9.20 519.00

70 616.500 312.300 4 224 8.39 0.37 135.91

70 2.82 34.94 8.01 310.77

Table 3. The PO,> concentrations (mg/l) per 1 gram of pyrite released from uncoated and coated pyrite reacted with solutions

of different pH, H,0, concentrations.

PO Released PO, (mg/l)/g pyrite
as coating pH H,0,
(mg/) 2.79 10.64 10°M 10°M 10°M
34.92 1.12 1.17 0.32 0.29 0.27
% 3.20 3.36 0.93 0.84 0.48
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