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1
Table 1 Samples information of the coal gangue
XXGl
XXG2 ( )
DLPGI 6 4 ke
DLPG2 ( ) DLPG1
DZG1
15 ( ) Ake
DZG2 DZG1
XLG1
30 ( ) 4 kg
XLG2 XLG1
o 2 BCR
2 pH 5 Table 2 Program of BCR sequential extraction
51
pH=5.0. 1.000 ¢ (200 ) 50 mL
15 25.0 mL ( N .pH=7.0)
° 25 C 2 h 3000 r/min
300 g ( 20 min .
2.5 L 10 em 15 cm) 1.000 g (200 ) 50 mL
0.11 mol/L 30.0 mL
1500 mL pH=35 25°C 16 h 3000 r/min
0. 45 m 20 min
pH<2 4 C 0.5
mol /L. 32.0 mL 25°C
ICP-OES AsCd\ Vs 16 h 3000 r/min 20 min
Zn.Co-Cr-Cu-Ni Pb o
(3) 8.8 mol/L
H,0,8.0 mL 1h 15 1
BCR 2. 35 C I h
o 3 mL 1 mL
1.0 mol/L 45.0 mL, 25 C
2 16 h 3000 r/min 20 min
2.1
As.
Cd-V.iZn.Co-Cr.-Cu-Ni Pb 3, 15 26-28
As\V.Zn.Cr o
o As
'V Zn
/n 6 15 o
: Cr
15 6 - Cd.Cu-~
Co-Ni.Pb o o
2.2
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3

Table 3 Trace elements contents of coal gangues mg/kg

As Cd \'% Zn Co Cr Cu Ni Pb

XXGl  2.77 0.22 247.47 113.02 49.40 125.58 115.14 75.10 17.60
XXG2  2.56 0.37 256.58 125.00 45.10 147.67 145.34 73.10 19.10
2.67 0.30 252.02 119.01 47.25 136.63 130.24 74.10 18.35
DLPG1 2.00 0.31 282.83 129.52 49.60 156.93 136.22 78.50 19.10
DLP2  2.13 0.30 277.98 125.82 44.40 145.20 134.92 73.50 20.40
2.07 0.30 280.41 127.67 47.00 151.06 135.57 76.00 19.75
DZG1 1.91 0.32 290.90 232.64 51.80 162.73 142.70 82.20 19.70
D72 2.07 0.26 273.98 237.80 45.50 149.32 134.30 70.90 20.20
1.99 0.29 282.44 235.22 48.65 156.03 138.50 76.55 19.95
XLI  1.91 0.28 271.55 240.07 49.20 119.80 146.76 67.60 20.00
X2  1.99 0.32 295.27 257.25 45.30 136.63 129.79 79.30 20.50
1.95 0.30 283.41 248.66 47.25 128.21 138.27 73.45 20.25

0;
As Cd
o As .
As XXG
DLPG.DZG  XLG
. Cd
XXG
Cd 41.90% ;
Cd
; Cd XXG
XLG .DLPG
o V
4 \Y
90% - Zn
; Zn
o Co
Co
Cr.Cu
Cu
; Cu
> > >
> . Pb
; Pb
XLG
Pb o Ni

; DLPG.DZG  XLG

Ni
XXG Ni
2.3
5
4 V Cu
Pb o 4
As.V.Co.Cr.Ni
As.V.Co.Cr.Ni 4
XLG >
DZG>DLPG>XXG; Cd 7Zn
Cd 7Zn
4
. XXG>DLPG>DZG>XLG; 4
Cu
DLPG>XLG>DZG>XXG
6
Cd\ V\
Zn.Cr.Cu.Ni.Pb
As Co
o Pb
3
3.1
2
As
0. As Cd
As Cd
As Cd
As Cd N
o V \Y%
V )
\Y% o
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Table 4 Multistage extraction result for the trace heavy metal element forms of the gangues

As Cd \% Zn Co Cr Cu Ni Pb

/( mg/kg) 0.04 0.00 0.02 0.02 0.00 0.01 0.00 0.00 0.01

XXG 1% 1.52 0.19 0.01 0.02 0.01 0.01 0.00 0.00 0.05
/( mg/kg) 0.06 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01

bLPG 1% 2.85 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.04
/( mg/kg) 0.03 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01

bz6 1% 1.49 0.18 0.00 0.01 0.00 0.01 0.00 0.00 0.03
( mg/kg) 0.05 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00

XLG 1% 2.34 0. 00 0.00 0.00 0.01 0.01 0.00 0. 00 0.02
/( mg/kg) 0.39 0.03 0.18 7.40 4.29 9.96 7.13 1.19 0.43

XXG 1% 14.48 9.39 0.07 6.22 9.08 7.29 5.48 1.61 2.33
/( mg/kg) 0.47 0.07 0.12 18.88 7.18 8.85 9.35 5.54 0.26

DLPG /% 22.73 21.51 0.04 14.79 15.27 5.86 6.90 7.29 1.33
. /( mg/kg) 0.45 0.09 0.18 14.39 12.61 8.62 9.67 4.26 0.23
bz 1% 22.76 29.48 0.06 6.12 25.91 5.53 6.98 5.57 1.14
] /( mg/kg) 0.43 0.08 0.08 6.58 8.59 7.68 4.28 3.62 0.36
XLG 1% 21.87 26.21 0.03 2.65 18.17 5.99 3.10 4.93 1.78
/( mg/kg) 0.55 0.12 4.74 4.62 1.45 4.47 21.24 1.44 2.15

XXG 1% 20.77 41.90 1.88 3.88 3.07 3.28 16.31 1.95 11.73
. /( mg/kg) 0.53 0.11 7.49 14.62 2.81 3.92 18.05 4.70 5.39
DLPG 1% 25.47 35.65 2.67 11.45 5.97 2.59 13.31 6.19 27.28
. /( mg/kg) 0.60 0.12 7.57 37.67 3.61 4.02 16.61 7.04 5.60
bz 1% 29.90 40.34 2.68 16.01 7.43 2.57 11.99 9.20 28.07
/( mg/kg) 0.56 0.11 9.53 21.33 5.36 4.28 14.13 7.67 3.30

XLG 1% 28.82 34.80 3.36 8.58 11.35 3.34 10.22 10. 44 16.29
/( mg/kg) 0.76 0.11 2.60 38.13 9.15 21.39 43.22 15.58 2.60

XXG 1% 28.60 35.75 1.03 32.04 19.37 15.65 33.18 21.02 14.14
/( mg/kg) 0.90 0.05 3.87 17.68 4.47 19.46 24.80 8.01 0.93

bLPG 1% 43.47 16.33 1.38 13.85 9.52 12.88 18.29 10.55 4.69
i /( mg/kg) 0.55 0.06 4.58 23.46 7.04 18.46 26.05 7.93 0.75
bz /% 27.84 19.51 1.62 9.97 14.48 11.83 18.81 10.36 3.75
‘ /( mg/ke) 0.84 0.08 3.54 15.62 4.87 18.04  23.67 8.94 0.64
XLG 1% 43.24 26.05 1.25 6.28 10.31 14.07 17.12 12.17 3.15
/( mg/kg) 0.93 0.04 244.49 68. 85 32.35 100. 80 58. 65 55.88 13.16

XXG 1% 34.82 13.80 97.01 57.85 68.47 73.78 45.04 75.41 71.72
‘ /( mg/ke) 0.12 0.08  268.92  76.47  32.54  118.82  83.37  57.74 13.17
DLPG 1% 5.71 25.40 95.90 59.90 69.23 78. 66 61.50 75.97 66. 67
) /( mg/kg) 0.36 0.03 270. 10 159.69 25.38 124.91 86.16 57.32 13.37
bz 1% 18.01 10. 49 95.63 67.89 52.17 80.06 62.21 74.87 67.01
. /( mg/kg) 0.07 0.04 270.26 205.12 28.43 98.20 96. 18 53.22 15.95
XLG 1% 3.73 12.94 95.36 82.49 60. 16 76.59 69.56 72.46 78.75

/n
Co
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Table 5 Leachable contents of trace elements for the samples mg/L

XXG-a XXG-b XXG-« DLPG-a DLPG-h DLPG-<e DZG-a DZGH DZG-¢ XLG-a XLG-H XLG-¢

0.079 0.080 0.080 0.076 0.077 0.077 0.077 0.083 0.089 0.103 0.083 0.080

As 0.056 0.053 0.061 0.059 0.058 0.048 0.053 0.054 0.065 0.068 0.064 0.065
0.071 0.077 0.108 0.053 0.049 0.051 0.035 0.037 0.039 0.039 0.041 0.043

e 0.038 0.046 0.054 0.020 0.023 0.026 0.020 0.022 0.021 0.018 0.021 0.019
2.161 2.731 2.877 2.507 3.040 3.069 2.781 3.660 3.363 3.153 3.674 3.716

v 1.593 1.928 1.920 1.586 1.776 1.683 1.558 1.957 2.059 1.733 2.082 2.097
1.262 1.544 1.627 0.977 1.003 0.970 0.889 0.957 0.975 0.704 0.790 0.910

n 0.745 0.842 1.021 0.599 0.722 0.658 0.590 0.637 0.662 0.560 0.568 0.639
0.740 0.932 1.069 0.523 0. 606 0.770 0.470 0.465 0.635 0.449 0.514 0.516

o 0.437 0.474 0.485 0.293 0.376 0.443 0.287 0.311 0.330 0.203 0.282 0.349
0.081 0.085 0.118 0.038 0.055 0.071 0.052 0.045 0.064 0.047 0.049 0.044

er 0.047 0.049 0.055 0.027 0.032 0.044 0.035 0.028 0.046 0.034 0.036 0.035
) 1.890 2.901 3.353 2.901 2.917 3.500 2.363 2.854 3.180 3.130 4.731 3.535
cu 1.396 1.764 1.852 1.976 2.198 2.205 1.783 1.834 2.252 1.769 2.192 2.475
) 0.983 0.883 1.276 0.527 0.569 0.979 0.361 0.401 0.620 0.391 0.387 0.464
Ni 0.549 0.607 0.737 0.351 0.376 0.458 0.280 0.304 0.350 0.277 0.285 0.339
0.019 0.020 0.022 0.018 0.015 0.015 0.018 0.016 0.015 0.016 0.014 0.019

Fb 0.011 0.010 0.012 0.009 0.011 0.011 0.009 0.008 0.012 0.011 0.011 0.012

a 10.425 ~2.00 mm; b 10.180 ~0. 425 mm; ¢ © r<0. 180 mm.
2

Fig.2 Percentage of content distribution of trace element forms
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Cr Ni
o As.V.Cu.Cd+Zn.Ni
Cu As.V.Cu
Cd+Zn.Ni,
6 15 Cd~Cu.Ni
4 0
3.2.2
3 4,
o Pb 3 1~13d. 13 ~
6 15 28 d. 28 ~48 d.
Pb 6 15 As Zn Zn
0 o 5d As
3.2 5
3.2.1 As
As
XLG
2 6 8 XXG.DLPG.DZG  XLG As
Cd>As>Cu>Co>V>Pb>
Ni>Zn>Cro As Cd o As
As Cd o Zn
o /n
Cd+As.Cu Zn
- o Zn
Cd.As.Cu XXG
Cd.As.Cu DLPG.DZG XLG /n
0 /n
6
Table 6 Release rate of trace heavy metal
As Cd \Y Zn Co Cr Cu Ni Pb
XXG-a 2.112 12.871 0.632 0.626 0.925 0.035 1.072 0.741 0.061
XXG-b 1.983 15.247 0.765 0.708 1.003 0.036 1.354 0.819 0.055
XXG-¢ 2.289 18.024 0.762 0.858 1.027 0.040 1.422 0.994 0.067
DLPG-a 2.875 6.449 0.566 0.469 0.624 0.018 1.457 0.462 0.043
DLPG-H 2.809 7.725 0.633 0.565 0. 800 0.021 1.621 0.495 0.053
DLPG-¢ 2.339 8.846 0. 600 0.515 0.943 0.027 1.627 0.603 0.057
DZG-a 2.686 6.972 0.551 0.251 0.590 0.023 1.287 0.365 0.047
DZGhH 2.709 7.520 0.693 0.271 0. 640 0.018 1.324 0.397 0.040
DZG-< 3.251 7.035 0.729 0.282 0.679 0.028 1.626 0.457 0.059
XLG-a 3.494 5.834 0.611 0.225 0.429 0.026 1.280 0.377 0.056
XLGH 3.307 7.228 0.735 0.229 0.596 0.027 1.585 0.389 0.053
XLG-e 3.314 6.412 0.740 0.257 0.739 0.027 1.790 0.461 0.059
a 10.425 ~2.00 mm; b 10.180 ~0.425 mm; ¢ 1 1<0. 180 mmo
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10.425 ~2.00 mm; b :0.180 ~0.425 mm; c : 1<0. 180 mm
3

Fig.3 Concentration of trace elements in leachate of coal gangue with different weathering degrees

10.425 ~2.00 mm; b :0.180 ~0.425 mm; c : 1<0. 180 mm
4

Fig.4 Concentrations of trace elements in leachate of coal gangue with different sizes
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A Study on Chemical Forms and Leaching Characteristics of Trace
Elements in Coal Gangue from Xinhua Coal Mine in Guizhou Province China

YANG Ya JI Hongbing

( State Key Laboratory of Environmental Geochemistry Institute of Geochemistry

Chinese Academy of Sciences Guiyang 550081 China)

Abstract: Chemical forms and leaching characteristics of nine trace elements As Cd V Zn Co Cr Cu Ni and Pb in different
weathering degree of coal gangue from Xinhua coal mine area in Guizhou Province China were investigated by using BCR sequential
extraction procedures and soaking experiments of contamination releasing regularity of coal gangue. Results of BCR sequential extraction
procedures show that As and Cd in coal gangue were mainly in the form of the acid soluble reducible and oxidizable occurrence and
other trace elements V. Zn Co Cr Cu Ni and Pb were mainly in the form of residual occurrence. Except for V the percentage of
chemical forms of other trace elements was affected by the weathering degree of coal gangue. Results of soaking experiments show that
soaking time was an important factor to release concentration of trace elements in coal gangue. During the soaking experiment leaching
concentration of most trace elements was influenced by the weathering degree of coal gangue at pre-soaking. Weathering degree of coal
gangue can affect leaching concentration of Zn and Cu in whole soaking progress. During different particle size of coal gangue soaking
leaching concentration of trace elements decreased with increasing particle size of coal gangue at pre-soaking and mid-soaking other
than As and Co.

Key words: coal gangue; trace element; BCR sequential extraction; leaching experiment; weathering; coal gangue



