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Research on bio-nano FeS strengthening the capability of limestone for
removing arsenic in acid mine drainage
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Abstract: In this study, the experiments employed two kinds of reduced microbial, Acidiphilumcryptum JE-5
and sulfate reducing bacteria (SRB), which can reduce Fe’* and SO~ in acid mining drainage (AMD) respec-
tively. When reduction was done, they were mixed to form nano FeS, and then it was coated onto the particle
limestone to improve the capability of removing arsenic through limestone permeable reactive barriers (PRBs).
Batch adsorption experiments were conducted to explore the static adsorption mechanism of As( V) and column
experiments were performed for dynamic adsorption and migration of As( V) in FeS-coated limestone. Some
conclusions were reached: @ The coated biological FeS was of nanometer size and assumed crystalline form,
which effectively improved the surface area of the limestone and the capacity for adsorbing arsenic. Infrared ab-
sorption spectrum showed that the main adsorption mechanism was chemical adsorption. @ The maximum ad-
sorption amount of limestone coated with bio-nano FeS, was 187.46 pg/g, which was 30 times that of the ad-
sorption amount of pristine limestone (6.64 pg/g). @ The retentive capability of JF-5 and SRB coated lime-
stone was better than that of the SRB and Fe( Il ), and both of them were much better than the retentive capa-
bility of pristine limestone.
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DA %200 mg AR 100 mg Ca-D-iZ 2 I~ 200
mg HIRINE FEF 300 mg RS MLIZHE MR T 1 L %
BT OK A, SE ARG Z 0.2 pm MIBRALJE IR 98 K
B BB A7 AE 4°C B AL . @ P s il AT 1558



5% 5 3

FHEAAE: AR FeS MRAL I 25 BRIRE™ IR /K il (KR 5 895

#1500 mg FeCl,*4 H,O % f# T 10 mL 25% ¥ HCL
B, SRS AT I 70 mg ZnCly~ 100
mg MnCl,*4 H,0~190 mg CoCl,*6 H,O+2 mg CuCl,
*2 H,0+24 mg NiCl,*6 H,0-36 mg Na,MoO,*2 H,O
F16 mg HyBOss W8 N 2% B 7 7K A% 5 W dme AR BN
1L, e R oK e o Q) il i £k /75 1 6 it 45 W V4 I
0.5 g NaOH.3 mg Na,SeO;*5 H,O H1 4 mg Na, WO,
2 HO0 R 1 L EEFKT, 5E2H MG R K.
X3 Tl B TG R, O B 7R S A s o 1
mlo FCHILF i3 7% 58 H 8 4l 7K € 22301 000 mL, 75
BOMT N AWM. WREYMG pH=2.3, M &
AU E T IREIG M 30°C THEIG R 7 d, Uik
B H AL N TE L, AR Fed T i R AR 58

TR ARk I 4 SRB A& — B RGBT 247
FET A L I K W K R MR A T8 (ZE B,
2014, X AL A7 I 55 SR A, v LR SOF~ 348 I
S SRB @A 7L B (pH =5~ 7)) &
B, FEBE A B, BRI pH E AW EIF, B8 B ER
SERAS . BRI b P R R B K 2 ] R S SR A
SRB WA 5 77 5 2 % DSMZ 1) Medium-63 %K {1
AP S, B 1000 mL B R EEH 0.5 ¢
K,HPO,+1g Na,SO,+2 g CaCl*2 H,O.2 g MgSO, 7
H,O0-2 g DL-Na-lactates 1g Yeast extract~ 1 g Re-
sazurin0. 1 g Ascorbic acid, &M Ko K75
R G P A, DA S i i O R b e AR B TTE R
U &7 a2 S oS S S b e B L L P B AW =R
30°C JRESFEFAA PR 7 do

BRIt R g TR EE B AR Ak, £ JE-S BE TR AR
P B A8 4 T £, SRB 15 97 Jk BURE 1 N T 2k 945 W
SEED AR R B B A YUE. I RS BRI R
Fe(DJLF A3k iy FeC 1l ), SRB K5 7% 2 v (1)
SOF~ Ik JEh S, AR UK H,S AU, il &
T SEE FeS HIZEWA G FXH 0 Bz s
EEK JE-5 BRI E B 25 T SRB W -
1.2 HbwpiFass

S FH A BCE DY N A8 T 1T 5 28 8043 40 A, 3L
FER AR CaCO;y» A i MgCO;, BIFBE 1L 5, HX
H 20~40 H. & BAH AsHNa,O,+7 H,O B, H

M BRI pH . 3557 B FH ) 44 b o e

il BT AR Ry o Al BT FHOK 38 A i gk .

SEHG T AC#S B FG BSZ-12 4% F 3l 4 4R 4%
C RV TS A B A FDVBT1001L 28 45 8 I
B4 R W b TR B A A FD L FA2004B 24 H

T oM RFCEIER R R SR A3 A R A R PB-
10 24 pH vH (€ 2 AR = A (B 5O A PR 2 7D,
MLS-3780 4> H 8= B K # #5CH A SANYO HL 7 F}
B R ) IS-RDHI 1E 5 4 3 a4 (35 DR 3L R
AT VYQX-TT PRAFE FRAH (g 8 28 52490 W% A B
NFED AT EYLCGEE LABCONCO 2 7))
FELJBORE 75 55 2 TR R 9 6 1% A CICP-OES) (36 [H 11
SRR A F)D L JSM-64601LV 14 Fi 5 A e 1%
Y« Perkin Elmer {# B 21 #h 6 354 (€ B 1 4 322 /K
BRAEWAFD.

2 SEEGTTVE

2.1 #tXE

HARIEAE 18 A 20 mL I 56 - BEAT, i W
pH=2, WU 5 6 DMERFE, FEi P A EE . FeS
A0 I Tl 2 - A RREL 2.00 g 20~40 H K %5 T4
AN RS SR AR PAT AL NN 1 mL & Wk
JE-5 B 19 mL & i &1 SRB B, % B E T IR
AR IRA 35T A E 72 he BB ENE, W b
T NS [F) 9 BE R %% 20 mLo JREVH B 5
BT 25CHEZE R, % 150 r/min E¥ 24 h A
48 h A A EL EWE W 1 mLe FESEL 0.2 pm S, SR
H ICP-OES WA i rp A 2
2.2 HX®W

FESZIGHE B B W 1 B, F AR 40 mm.
K 146 mm MBI TIFRE . A7 (A 95 20 —40
H A, K1 P Sk 5 A 0 LI A IG 28 7 Be 4 N2
55 b A T AN A R B B RS 2 T

As(V)fE i il

J

K1 AWK FeS G IKCE 9250 5 B R R
Fig. 1 Bio-nano FeS coated limestone setup for column

experiments
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Table 1 Data of batch adsorption experiments

WIS/ a4 (A0 FeS 17 24 h(AD) FeS 1.7 48 h(A2)
mgeL ! TR /mgel.m ! As WP i /pgeg ™! PR /mge L7 As WM& /pgeg! PHIRE /mgeLT! As R/ pgeg !
0.0887 A - 0.0857 0.0305 0.0892" -0.0045"
0.414 6 A - 0.2992 1.1547 0.1245 2.900 8
2.0870 2.0458 0.4123 1.2952 7.9183 0.109 1 19.779 0
8.4714 7.9268 5.4459 7.1740 12.9732 4.5155 39.5587
21.7587 21.304 2 4.5447 17.0110 47.4773 10.389 7 113.689 4
43.924 0 43.9120" -1.8804" 39.6573 42.6670 30.4195 135.0450
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Fig. 2 Langmuir model fitting for batch adsorption
experiments
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Table 2 Outlet concentration of column experiments

As As+ SRB+ JF-5 As+SRB+ Fe( [ )
PV C./Cy PV C./Cy PV C./Cy
0.133  0.3519 0.1361 0.0253  0.133  0.0081
0.400  0.1456 0.4082  0.0027  0.400  0.1092
0.667 0.0891 0.6803 0.0564  0.667 0.1111
0.933  0.0878 0.9524 0.0871  0.933  0.1003
1.200  0.5037 1.2245 0.0949  1.200 0.1678
1.467  0.8926  1.4966 0.1236  1.467  0.2812
1.733  0.9241 1.7687 0.0894  1.733  0.2288
2.000 0.9298 2.0408 0.0852  2.000  0.2430
2.267 0.9170 2.3129 0.1161  2.267  0.2939
2.533  0.8628 2.5850 0.1172  2.533  0.4213
2.800 0.8617 2.8571 0.0828 2.800 0.3628
3.067 0.8701 3.1293 0.0697  3.067  0.4299
3.333  0.8531 3.4014 0.0332  3.333  0.3782
3.600  0.8509 3.6735 0.0335 3.600 0.3758
3.867  0.7692 3.9456 0.0350  3.867  0.3844
4.133  0.8155 4.2177 0.0189  4.133  0.2819
4.400  0.7787 4.4898 0.0059  4.400  0.3143
4.667 0.7348 4.7619 0.0232  4.667 0.2587
4.933  0.7336 5.0340 0.0178  4.933  0.2713
5.200  0.6809 5.3061 0.0218  5.200 0.2829
5.467 0.7471 5.5782 0.0288  5.467  0.2398
5.733  0.6607 5.8503 0.0173  5.733  0.1228
6.000 0.6866 6.1224 0.0162  6.000  0.1859
6.267 0.7012 6.3946 0.0127  6.267 0.2183
6.6667 0.0268  6.533  0.0976
6.9388 0.0506  6.800  0.0892
7.2109  0.0047  7.067 0.1148
7.4830 0.0232  7.333  0.1712
7.7551 0.0398  7.600 0.1888

8.0272 0.0292
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Fig. 3 Breakthrough curve of As( V) in pristine
limestone and biologically formed nano-size FeS coated

limestone
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Table 3 Column experimental fitting parameters of

breakthrough curves for pristine limestone and cladding

limestone
BESH a b
K7 1.849 1.125
SRB+ Fe( 1) 0.001 4976.193
JF-5+ SRB <0.001 >6000
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Fig. 4 SEM of coated limestone and TEM ol nano FeS
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Fig. 5 FTIR of nano FeS reaction with different

concentrations of As(V)
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Table 3 Experimental materials components by X-ray fluorescence spectra analysis
J ke A Ak B Ak} 2
FERES

CA TN002 TN004 TN003 TNO00S TN004 TN003
SiO, 10.80 10.70 10.50 6.50 5.60 10.50 8.20
TiO, 0.01 0.00 0.00 0.03 0.03 0.00 0.01
ALO; 2.63 2.60 2.72 1.71 1.60 2.72 1.10
Fe,05 0.59 0.59 0.98 29.10 30.10 0.98 26.90
MnO 0.06 0.13 0.12 0.06 0.07 0.12 0.09
MgO 0.64 0.67 0.63 0.19 0.17 0.64 0.10
CaO 55.350 58.350 58.40 27.80 27.60 58.40 29.80
Na,O 0.12 0.11 0.12 0.16 0.18 0.11 0.05
K,O 0.67 0.63 0.64 0.13 0.11 0.63 0.21
P,0s 0.03 0.04 0.04 0.3 0.32 0.03 0.31
St 71.05 73.97 74.15 65.98 65.78 74.13 66.77






