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Treatment of acid mine drainage by fractional precipitation process
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Abstract: The acid mine drainage AMD was treated by fractional precipitation process. The effects of the process conditions
on recover of valuable metals from AMD were studied. The experimental results show that Ca OH , is the suitable agent for
pH adjustment When the wastewater pH is adjusted to about 4.00 and 0.05 mL/L of H,0, is added Fe’* and Fe™ are firstly
removed from the wastewater and the iron-rich sludge with 51.00% of w Fe is obtained Then the wastewater pH is adjusted
to 6.00-6.50 with the addition of 50 mg/L Na,S Cu’" is removed from the wastewater and the copper-rich sludge with
10.89% of w Cu is obtained and with the addition of 100 mg/L Na,S Zn and Mn are removed from the wastewater and
the zinc-manganese-rich sludge with 2.37% of w Cu  6.79% of w Mn  1.61% of w Pb is obtained Finally when
the wastewater pH is adjusted to 8.40 therest Zn Mn and other heavy metals are removed. After treated by fractional precipitation
process the effluent quality can meet the national discharged standard and the iron-rich sludge copper-rich sludge and zinc-
manganese-rich sludge can be sold directly or reused. The popularization and application of the fractional precipitation process is
worthily because that the cost of AMD treatment could be reduced significantly with the recovery of valuable metals.

Key words: acid mine drainage fractional precipitation valuable metal resource recovery

AMD 8-11
1-3 AMD 2015 -09 - 08 2015 -10-22
/ 4-6 1979—
13922252399 835345562@qq.com
020 - 85290335 yanbo2007@gig.ac.cn

2014B090901040 2014B0303
01060 2014-176



- 48 - ENVIRONMENTAL PROTECTION OF CHEMICAL INDUSTRY 2016 36
22
AMD
AMD
AMD Fe Cu
Zn Mn 9 11-12
Fe Cu AMD
13 Fe Cu Zn Mn
14 pH 1
9 12 11
H,0, NaOH Ca OH , Na,S Al, SO, ,
15-18
AMD
5 11 13 19-20 AMD AMD
21 1
1 p mg/L
Fe Mn Zn Cu Pb Co Ni Cr As Cd pH
20.37 15.40 1.04 8.47 3.10 0.29 0.20 0.09 0.07 0.06 3.20
1 pH 3.20 pH <2.00
Fe Mn Cu
Cd As Cr Pb Zn Co Ni AMD
1.2
AMD 1 H,0, —> ik
AMD H,0, 5 min
Ca OH , pH 5 min 1h Ca(OH), = - o
> FellliE —> T Feift
Fe Ca OH , pH ALSO); —
Na,S Al, SO, Ca(OtD), — ey
3 5 min 1h Cu
Na,S 1, CulitiE ——> & Cuift
Na,S
. 1,(S0,), —
Al, SO, , 5 min 1h ALSO) -
Zn-Mn Ca OH , pH Na,S —
5 mm 1 h - Zn, MniiliE ——> & Zn-Mnift
AL(8O,);, —
13 TEHI
pH
E-201 pH Ca(OH), —>| MniLiE
4.00 6.86 9.18 l
AA-6300C ik
7700 1 AMD
ICP-MS APHA 3111 #
pH<2.00 2
2.1 pH

CEM-MARS

NaOH Ca OH , pH



1 - 49 -
2 2 NaOH Ca OH , 98%
pH Cu pH pH
Ca OH , pH 7.45 87% pH>6.50 Zn Mn
pH 9.50
800 85% pH 11.00 Mn
Zn Zn*
_‘: 600 57%
§ 400 - 100 =
P
B 80 F
= 0l * NaOHUUIE# it
= Ca(OH), V¥ it —
3 4 5 6%7“3& 8 9 10 40 . Fe
2 NaOH Ca OH , pH ol '%ﬁ
22 HO, %4 s 6 7 8 9 10 1
Fe* pH 3.50 Fe* itiiEpH
pH 6.40 2 4 pH
Fe?' Fe* 2.4
Cu® Zn* Mn* 0.05 mL/L H,0,
Fe* Fe** H,0, pH 4.0 Fe
0.05~0.3 mg/L pH 3.85 Fe 51.00% w Fe
H,0, 3 Cu Zn Mn Zn Mn
3 H,0, Fe 48.31% pH 9.50 Mn
H,0, 0.05 mL/L Fe 2.45 mg/L
98.24% H,0, Fe GB 8978—1996 *°
H,0, Ca OH , pH
H,0, 0.05 Cu Zn Mn pH
mL/L Cu Zn Mn
100
o Fe 2.5 Na,5 Cu Zn Mn
sof " CuS ZnS MnS
< al " 13=<10% 25x10% 2x107 *
% pH Na,$ Cu Zn Mn
X a0 pH 6.30 Al, SO, ,
20f 20 mg/L Na,S
, 5 5 Na,S 50 mg/
0 0.05 0.10 0.15 0.20 0.25 0.30 L Cu 99% 7n  Mn
H,O, % i t/(mL - L™
3 HO, 20% Na,S 100
mg/L Zn Mn 80%
2.3 pH Na,S 150 mg/L Zn Mn
H,0, 0.05 mI/L Al, SO, , Na,S Cu
20 mg/L pH Zn Mn 50 mg/L  Na,S
4 4 pH 3.85 Fe Cu Cu Na,S



-50 - ENVIRONMENTAL PROTECTION OF CHEMICAL INDUSTRY 2016 36
100 mg/L Zn Mn 2.7
Zn-Mn
100 1 Fe Cu Zn Mn
ol | 0.05 mL/L
H,0, Fe* Fe* Ca OH ,
s 60 pH 4.00 Fe*'
E i Fe Ca OH , pH
o 6.00~6.50 50 mg/. Na,S
l . Cu” Cu 50 mg/L
. i = s * Na,S Zn*" Mn* Zn-Mn
Na,SH# it /(mL - L) Ca OH , pH
5 NaS 8.40 Zn”* Mn*
2.6 Mn
pH 6.30 7.45 8.40 9.50
Mn 2 2
pH 840  Mn 97% 3 4
Mn 0.42 mg/L GB 8978—
GB 89786—1996 = 1996 *°
Mn 2.0 mg/L Fe Fe 51.00% w Cu Cu
) Mn 10.89% w
pH Mn /% Mn / mg - L Zn-Mn Zn
6.30 78.91 307 Mn Pb 237% 6.79% 1.61%
7.45 81.45 2.84 w
8.40 97.33 0.42 Mn 1.69% w
9.50 98.28 0.26
3
Cr Mn Ni Co Cu
pl / p/ p/ / p/ / pl /
mg-L" % mg-L" % mg-L" % mg-L" % mg - L™ %
0.08 17 15.18 1.45 0.13 34 0.16 45 7.03 17
0 100 14.87 3 0.01 93 0 100 0 100
0 100 354 77 0 100 0 100 0 100
0 100 0.15 99 0 100 0 100 0 100
Zn As Cd Pb Fe
pl / p/ pl / p/ / pl /
mg-L" % mg- L™ % mg-L" % mg-L" % mg-L" %
0.98 6 0.05 4 0.06 0 3.07 1 1.51 97
0.97 7 0 100 0 100 2.90 7 1.44 98
0.14 87 0 100 0 100 0 100 0.01 100
0.01 99 0 100 0 100 0 100 0.01 100




1 -51-
4 w %
Fe Cu Zn Pb Mn
Fe 51.00 0.28 0.02 0 0
Cu 1.63 10. 89 0.70 0.12 0
Zn-Mn 0.37 0.01 2.37 1.61 6.79
0.01 0 0.06 0 1.69
2.8 age J . Water Res 2002 36 19 4757 - 4764.
2
I. 2010 8 183 - 186.
0.065kg Fe w Fe = 3
51.00% 0069kg Cu w Cu =10.89% I 2013315 35-38.
600 J/t 4  Pepe HS Hiroyuki U Toshifumil et al. Acid mine
45000 drainage treatment through a two-step neutralization
3 ferrite formation process in northern Japan Physical
0.35 /m , o .
and chemical characterization of the sludge J . Miner
072 /m’ Eng 2007 20 14 1309 - 1314.
5
20 000 m%/d . 2011 42
256 5 1215- 1219,
6 — J.
2011 31 1 53 -56.
7  Cui Mingcan Jang Min Cho Sang-Hyun et al. A
3 Continuous pilot-scale system using coal-mine
a AMD Fe drainage sludge to treat acid mine drainage con-
Cu 7Zn Mn 0.05 mL/L taminated with high concentrations of Pb Zn and
H,0, pH  3.50~4.00 Fe 51.00% other heavy metals J . J Hazard Mater 2012
W Fe pH  6.00~6.50 215 -216 122 - 128.
50 mg/l Na,S Cu 10.89% w 8  McDonald DM Webb J A. Chemical stab.ility of acid
rock drainage treatment sludge and implications for
Cu 50 mg/L  Na,S Zn Mn ) .
Pb 237 % 6.79% 161% w sludge management J . Environ Sci Technol 2006
40 6 1984 - 1990.
Zn-Mn 9
b I 2008 31 11 59 -6l.
Fe Cu 10
Zn-Mn T 2011 31
12 9-13.
c 11 Tao Chen Bo Yan Chang Lei et al. Pollution con-
trol and metal resource recovery for acid mine drainage
J . Hydrometallurgy 2014 147-148 112 - 119.
12
T 2004 5 8
60 - 63.
13
1 Matlock MM Howerton BS Atwood DA  Chemi- J. 2004 25
cal precipitation of heavy metals from acid mine drain- 1 67-069.



-52 - ENVIRONMENTAL PROTECTION OF CHEMICAL INDUSTRY 2016 36
14 M 20 SilvaR A Castro CD Viganico EM et al. Selec-
2006 362 - 369. tive precipitation/UV production of magnetite particles
15 SampaioRMM Timmers RA Kocks N etal. Zn- obtained from the iron recovered from acid mine drain-
Ni sulfide selective precipitation The role of super- age J .Miner Eng 2012 29 SI 22 -27.
saturation J . Sep Purif Technol 2010 74 1 21
108 - 118. I
16  Innocenzi V Veglio F. Recovery of rare earths and 2010 49 5 146 - 149.
base metals from spent nickel metal hydride batteries 22 Johnson D B Hallberg K B. Acid mine drainage re-
by sequential sulphuric acid leaching and selective pre- mediation options A review J . Sci Total Environ
cipitations J . J Power Sources 2012 211 1 2005 338 12  3-14.
184 - 191. 23 American Public Health Association APHA . Standard
17 methods for the examination of water and wastewater
J. 2014 34 6 543 - 547. american public health association M . Washington DC
18 American Public Health Association 2005 3 -17.
J . 2015 35 3 24 Cherry K F. Plating waste treatment M . Ann Arbor
247 - 253. Ann Arbor Science Publishers Inc. 1982 46.
19 25 . GB 8978—1996
J . S . 1996.
2011 42 7 1858 - 1864.
= b T e e T e e B e T e e e S e A i I e T i O T e S A T T A S T A S T
PX PX
2015 10 1
PX
PX
PX PX
PX 2007 PX
PX
“ 7?2015 4 PX
PX
PX
PX PX

PX



