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ABSTRACT : The AsOy ion in acid mine drainage has been known to substitute for SOs in schwert-
mannite and prevent schwertmannite from being converted to goethite. There have been studies on the
heavy metal sorption on schwertmannite, but no experimental results have been reported on the
characteristics of heavy metal sorption on AsOs-substituted schwertmannite. In this study, we conducted
sorption experiments of Cu, Pb, and Zn on the AsOs-substituted schwertmannite at pH 4 and 6 in the
solution of 3, 10, 30, and 100 mg/L concentrations. For all heavy metals, the sorbed heavy metals
significantly increase at pH 6 compared with at pH 4. At both pH 4 and 6, Pb shows the highest
sorption capacity and those of Cu and Zn are similar. With increasing time, the sorbed heavy meal
contents increase too. However, in the case of Zn, the most sorptions occur at the initial stage and no
significant increase is observed with time. Among the concentration ranges in which we conducted the
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experiment, the increasing trend is clear in high concentrated solutions such as 100 mg/L. We applied
several sorption kinetic model and it shows that the diffusion process may be the most important factor
controlling the sorption kinetics of Cu, Pb, and Zn on AsOs-substituted schwertmannite. Considering
the previous results that pure schwertmannite has similar sorption capacity for all three heavy metals at
pH 6 and has higher sorption capacity for Cu and Pb than Zn at pH 4, our experiments indicates that
substitution of AsO4 for SOs on schwertmannite changes surface and sorption characteristics of schwert-
mannite. It also shows that AsOs contributes not only to the stability of schwertmannite, but also to

the mobility of heavy metals in acid mine drainage.
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Fig. 1. X-ray diffraction pattern of schwertmannite
synthesized in this study.
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ojLf B AFoA AE3 |2 Enho]lEQ F
o dolAE T2 U A Fe] §l7] Wl FFA
ste EAHA Feo dal FEZHY Hake

pHoll weh #MatAl Ha1 7 gzl tiste] &9

pHa O3mgl [ 1omgl O30mgll A 100 mgiL

pHe @ 3mgL E10mgL @30mg/L A 100mgiL

Cu adsorbed on AsO,-schwertmannite (mg/L)

0 50 100 150 200 250
Time (minute)

Fig. 2. Sorption of Cu on AsOs-schwertmannite at

different pHs and solution concentrations.

A7t 00] = pH 42 P A3 (point of zero
charge, PZC)°]2} S}l o] ZFET} pHEC] IH 3
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Table 1. The removal of heavy metals (mg/L) by the adsorption on the AsOs-schwertmannite in solutions of

several metal concentrations, reaction times, and pHs

Concentration

pH (mg/L) 5 min 10 min 20 min 40 min 80 min 160 min 240 min
3 0.13 0.14 0.14 0.15 0.15 0.14 0.14
10 1.11 1.05 1.11 1.18 1.03 1.15 1.19
pH 4
30 1.25 1.30 1.38 1.38 1.25 1.38 1.35
Cu 100 1.50 1.50 1.75 1.50 1.25 1.50 1.50
3 0.06 0.05 0.06 0.06 0.10 0.13 0.14
pH 6 10 0.25 0.28 0.45 0.60 0.75 0.90 1.00
30 0.60 0.73 0.78 0.88 0.95 1.28 1.45
100 1.75 2.00 3.00 3.25 3.50 3.75 425
3 0.28 0.28 0.33 0.38 0.65 0.90 1.00
oH 4 10 0.73 0.88 1.05 2.13 2.83 3.30 3.60
30 1.25 1.78 1.98 4.13 4.15 6.03 6.00
Pb 100 3.50 6.25 7.25 10.25 14.75 17.75 17.75
3 0.10 0.23 0.40 0.58 0.90 1.15 1.33
oH 6 10 0.90 1.08 1.45 1.38 1.93 2.15 2.18
30 1.60 1.85 2.05 3.73 4.63 4.75 4.73
100 2.00 5.50 7.25 10.25 13.00 17.00 17.25
3 0.27 0.29 0.29 0.28 0.27 0.29 0.27
pH 4 10 0.38 0.37 0.37 0.45 0.40 0.45 0.37
30 0.53 0.650 0.70 0.73 0.65 0.78 0.65
7n 100 2.33 2.30 245 2.08 2.13 1.93 1.95
3 0.090 0.098 0.093 0.100 0.078 0.090 0.080
oH 6 10 0.418 0.488 0.410 0.430 0.445 0.390 0.448
30 1.05 1.20 1.30 1.08 1.38 1.40 1.45
100 443 4.65 5.05 5.35 4.85 4.98 4.88
A=Q A& 313 3}H(Sparks, 2003), BAY 2 BEE Az E g
st A AsOp-srHl ZEPROlES] & EW A8}
T (+) #= 2oy o M9 WA= pH7t S} Hhs Aol wE FAE Wk As 4 Fe
SA AR mWe) () Ash FASWA 24 B &uiT AR OE e BT 9 Az o
F49 FAE FIIE ACR AZan poel B WHE vy 97 A4 & U AL Cust
ASE o F ASHTY G AL EYT U¥ Pb ASAT o FolA pbo) AS 7)o FA
FEo &3 AF AZE HellA pH 4914 % o] WEA F7FstaL l7P°l AYEA 1 S S5
2 ool pH 6914 FHE RO B A= b Hadte B HlwA FEE BoFiit
71 St AAHOE Hobd 7} pHEE FHF  Pbol YoIA olHB 736&% pH 45} pH 6, % pH
Aol HAHA gt oA Hlsg AFS BoFglon B w3
OW HESAIZ whE F2Fe S7he o= A
= BEY £ 9tk 2719 34T FAF 2}
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Fig. 3. Sorption of Pb on AsOs-schwertmannite at
different pH and solution concentrations.
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Fig. 4. Sorption of Zn on AsOs-schwertmannite at
different pH and solution concentrations.
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Bhattacharyya and Gupta, 2008; Rezael and
Naeini, 2009). YAl F2o] W& E 2 5 F
2 AEEE A g /) A=olm YA (first
oder), ©| X]'*'(second order), ®&42](power func-
tion), 7tst A=ZH| 7] (simple elovich), EEA
Q’&é}(parabolic diffusion)E0] F=2 29It} o|&
2 A8 ATF 472 ATE oA F2E S HYP
el Ao F2E & AANE W 247 In[1-(A/A)]
vs t, 1/[1-(A/A:)] vs t, In(Ay) vs In(t), A¢ vs In(t),
(AVA/ vs £7°9) BAA A A BAE B
Fth(Raven et al., 1998).
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Table 2. Correlation coefficients (r*) between reaction
time and metal adsorption at pH 4 and pH 6 with
different kinetic models (1: first oder, 2: second
order, 3: power function, 4: simple elovich, 5: para-
bolic diffusion)

pH 1 2 3 4 5

4 0.806 0483 0.078 0.078 0.595

Cu
6 0.822 0923 0916 0951 0.704
4 0988 0941 0962 0974 0.803

Pb
6 0.966 0997 0902 0991 0.830
4 - 0.420 0.742 0.728 0.579

/n
6 0.234 0.678 0263 0243 0.611
o] Zn9 7% pH 49 pH 69 F A9 JoA
ABAG ¢ ol BE 2d] A9 lojA A
Ao :Lal 2%1 BEAS E T Utk oAl 2
719 vEEe] F3o] dojua #AHE WY U
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Hl 75 212 Cu
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2 A& e 2na 7HERs Atelle 94
{h&f‘a m‘iﬂl?lé‘ Bdo] 7} ¥ £25 & A
Hote 202 Ueyth 24 pHERE §3 7)Ao
TETa B9 pH 400 M = °‘x}#°l 123l pH 6
A olatA e iAol Ekou tE Rl
Hste] S A= EUTh mEbAd 2 AT
Ae o 2l Histe] 1tgd d=H714 2l
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