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ZHANG Meng-zhou'*", XU Zeng-he', LIANG Bing® (1.College of Resources and Civil Engineering Northeastern
University, Shenyang 100014, China; 2.College of Civil Engineering and Architecture Liaoning Technical University,
Fuxin 123000, China; 3.College of Mechanics and Engineering Liaoning Technical University, Fuxin 123000, China).
China Environmental Science, 2016,36(3): 840~848

Abstract: As the research object to phosphate waste rocks deposited within Xiangxi River watershed of Three Gorges
Reservoir, Deionized water and artificial acid rain (pH=4.5) were selected as percolation solution of dynamic column
leaching experiments. The phosphorus leaching characteristics under natural and acidic leaching conditions were
compared and analysed. The results showed that the leachate pH of phosphate waste rock would maintain weak alkalinity
(pH=7.0~9.0), while under the acidic condition the leachate pH would change from weak alkalinity (pH=8.0~9.0) to weak
acidity (pH=6.0~7.0) when Liquid-to-Solid ratio (L/S) reached 0.5mL/g. The total phosphorus (TP) concentration of
leachate was mainly dominated by pH of leaching environment, which increased with decrease of liquid pH. And the
increase of leaching time won't dilution effect on the formation of TP concentration in the leaching liquid. The phosphate
waste rocks would release phosphorus with a constant rate when the pH of leaching environment remained stable, while
the accelerated released period would be formed during the pH of leaching environment changed from acidity to alkalinity.
The leachate TP concentration would exceed the TP emission limit of the III type water area which stipulated by GB
8978~1996. The phosphate waste rocks deposited within Xiangxi River watershed should be managed as the II type
industry solid waste in order to reduce the phosphorus pollution risk of Xiangxi Bay
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Table 1 Basic characteristics of waste rock piles
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L 2
(a) (m) (km’) (kg)
WR-A ([&\% 2~3 8.9 0.08 40
WR-B VF 5~7 10.6 0.14 70
WR-C ([&\% 7~8 6.5 0.06 50
WR-D LH <1 6.2 0.04 20
WR-E ([&\% 3~4 9.7 0.08 50
WR-F VF 3~4 5.5 0.05 35
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Table 2 Mineralogical analysis (XRD) of phosphate waste

rocks

)| JFR S BU(wW.1.%)

g4 WR-A WR-B WR-C WRD WRE WRF

B 345 282 373 287 358 201
WKL 162 182 16.4 15.8 147 117
Bz 206 16.5 184 271 213 205
JifeA 9.3 9.7 7.9 9.6 8.2 12.8
R4 6.5 5.3 n.d. 11.4 4.5 3.7
AT 5.4 3.4 n.d. n.d. 7.4 152

Rekesa 15 n.d. 12.7 n.d. n.d. 13.7

B 0.4 0.7 0.4 0.3 0.8 0.5

LAl 5.5 17.9 6.9 7.4 7.6 1.7
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Table 3 TP content within solid matrix of phosphate

waste rocks

A Wi(mgke) AnfEZE(mgke) LR RE(%)
WR-A 1679.67 77.75 4.63
WR-B 1768.33 93.94 5.31
WR-C 1654.33 108.58 6.56
WR-D 1384.67 48.01 3.47
WR-E 1287.67 54.50 4.23
WR-F 1510.33 62.64 4.15
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Fig.l1 The sketch of column leaching apparatus
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Table 4 The column leaching experimental parameters of phosphate waste rocks
et n o oty R WA WEERE PR LA BRI IO L/S 7
PRI IR - . BV . o o
(cm) (cm?) (2) (2) (cm”) n R (mL/d) K[(L/S)/d]
DI 46.2 907.1 1810.0 1683.3 263 0.29 1352 0.80
WR-A 0.07
ACID 46.0 903.2 1823.2 1695.6 293 0.32 1468 0.87
DI 45.6 895.4 1805.5 1661.1 291 0.32 1150 0.69
WR-B 0.08
ACID 45.8 899.3 1832.6 1686.0 297 0.33 1250 0.74
DI 452 887.5 1822.2 1712.9 286 0.32 1386 0.81
WR-C 0.06
ACID 45.5 893.4 1863.7 1751.9 292 0.33 1188 0.68
DI 46.2 907.1 1855.1 1688.1 290 0.32 1503 0.89
WR-D 0.09
ACID 46.5 913.0 1872.9 1704.3 303 0.33 1423 0.83
DI 46.8 918.9 1903.6 1751.3 293 0.32 1533 0.88
WR-E 0.08
ACID 46.0 903.2 1863.6 1714.5 285 0.31 1231 0.72
DI 46.2 907.1 1894.2 1799.5 291 0.32 1216 0.68
WR-F 0.05
ACID 46.5 913.0 1914.7 1819.0 303 0.33 1315 0.72
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Fig.2 Eluate pH varied with cumulative L/S (Neutral

condition)

212 MRUESAE N A MR pH (HAR
1 AR pH=4.5 [FRRIE AT Ay Wb L e (&
)AL T RS N AR pH {1281k,
RN IR A Wk R pHL R Rl SR AN L/S AR 4K,
BONR A MM pH (I (E A ok
Fr RIEMIERII (B L/S<0.5)K AT IEW pH
B 5 PR 2 A T A A [, 52 99 B 1 (pH=7.5~
8.5). XK AT IRIR N WO AT A7)
P RV 3 o) W P A 7 ) Sk ) 2 v 4 T
T AT PR A FL SR K 2 7 55 A P A E Bl 5 TR
BRI BN TRD PR 388 0, W AT PR A IR FLRRUK. pHL
2R ) 55 R 1 AR 1 B A L/S 3K 51 1.0~2.0 1Y,
B AR pH A FEAR R 6.5 2 A IR
FEAE pH=6.2 b -9 R ME G .
KAHNMRMEWRIA S T (BRI LIS>S) Bl IR A1
W pH AR 1) K /DK Kl :WR-D>WR-E ~
WR-A ~ WR-F>WR-B>WR-C. 45 & 1™ % 41 )

RIS TE)(R 1y nl 0, B 4 A bk R pHL IR K
N RARI TRLEAA [ 5 S R, Sverdrupt &
Kwong e P WA I4E pH=5.0 i
I H A2 SO PEREAT T 3 I8 4R AR A AT
NBRIR AR 2 O P e e, S R R IR
AR A SO B R AT WAL 53 1
DR 3 A 45 FGE 2) 7T 40, KL B TR A PR R R
(WR-F. WR-A)F IR SR ) 75 e AE G T Ak
P T 5 AR, 30 A 22t 3 TR 9B A P T e 5 00
FEIRATH BT (R R SR AT 40, A A XA T At
e VA P A1 0 T S A X A 559 PR 7R o R ) AR
P 2) A1 S AT A HRIE T DX A AT IR A I
(IR VRIS AE 15~30a Jo i R 9T k.

RILHEE! u wR-A  ®© WR-B  AWRC
9 OWRD OWRE AWRF
i 'Y — FIMH

W pH

ZB L/S(mL/g-dry)
BI3 ki pH fHRE SR L/S AR AR (BR 1 2 )
Fig.3 Eluate pH varied with cumulative L/S (Acidic

condition)
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Table 5 The analytical results of TP concentrations leached from phosphate waste rocks (mg/L)

2R LS WR-A WR-B WR-C WR-D WR-E WR-F
(mL/g) P [iZqe3 P TR 1E vk FRTE ik FRTE b [izqe8 P [izqe8
0.2 0.81° 0.70 1.10 0.57 0.65 0.66 0.56 0.45 1.44 0.78 1.21 0.35
0.5 0.45 0.53 0.60 0.72 0.60 0.74 0.68 0.74 0.75 0.96 0.53 0.66
1.0 0.32 4.66 0.41 5.50 0.52 6.20 0.71 6.20 1.12 12.80 0.90 8.65
1.5 0.28 14.80 1.89 13.80 0.74 12.90 0.51 12.9 0.46 13.24 1.21 11.87
2.0 0.39 12.60 0.32 7.00 0.63 8.30 0.65 8.30 1.04 9.12 0.34 6.55
4.5 0.95 11.60 0.83 2.15 0.36 2.36 0.76 2.36 0.53 3.24 0.50 1.72
5.0 0.62 8.50 0.53 1.75 0.46 1.84 0.68 1.84 0.70 2.57 0.84 1.26
9.5 0.56 6.40 0.49 1.89 0.59 2.19 0.78 2.19 0.76 2.23 0.53 1.38
10.0 0.38 3.50 0.23 2.00 0.46 2.33 0.50 2.33 0.41 2.08 0.50 1.56
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cumulative L/S (Neutral condition)
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