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Consideration of AMD treatment techniques using geochemical modeling:
introduction of optimal removal processes of Mn, Zn, and Cd
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ILExiE Rt Log K

Al(OH), (gibbsite) Al(OH); + 3H* 2 Al*+ 3H,0 8.1
Fe(OH), (ferrinydrite) Fe(OH), + 3H* 2 Fe3+ + 3H,0 3.19
Pb(OH), Pb(OH), + 2H* 2 Pb2* + 2H,0 8.15
Manganite MnOOH + 3H* 2 Mn?* + 2H,0 25.3
Zn(OH), Zn(OH), + 2H* 2 Zn* + 2H,0 1.5
Mg(OH), (brucite) Mg(OH), + 2H* 2 Mg?* + 2H,0 16.8
Cu(OH), Cu(OH), + 2H+ 2 Cu?* + 2H,0 8.67
Cd(OH), Cd(OH), + 2H* 2 Cd?* + 2H,0 136
Mn(OH), (pyrochroite) Mn(OH), + 2H* 2 Mn2* + 2H,0 15.2
MnCO, (rhodochrosite)* MnCO; 2 Mn2* + COz2 -10.6
PbCO; (cerrusite)* PbCO; 2 Pb2* + CO,> -13.1
Pb(OH),(CO.),(hydrocerrusite)* | T >(OH2(CO); 2(23%322 SPDE 2RO+ 188
ZnCO, (smithsonite)* ZnCO, 2 Zn2* + CO% -10.0
ZnCO,:1H,0* ZnCO,-H,0 = Zn? + CO% + H,0 -10.3
CdCO; (otavite)* CdCO; 2 Cd?* + CO.% -12.0
CuCo,* CuCO, = Cu2 + CO,> 1.5
Cu,(OH),CO, + 2H* 2 2Cu?* + 2H,0 + CO,> | -5.31

Cu,(OH),CO; (malachite)*
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d[Fe(ID)]

Eraaa —(k1 + k2[OHT]%Po,) [Fe(ID)]

k1=2.9 X 10'9, k2=1.3 X 1012, a=2 (Singer and Stumn, 1970)
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d[Mn(ID)] _
——— = —(ks + ks [OH"]Pox)[Mn(ID)]

k=4.9 X 107, k,=2.1 X 10° (fitting)
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0-MnO, &R E TILTCS, DCS, DES, INCO4H A+ TEREAFED
FEBAREBRNLELD (Li et al., 2020)
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I S ® Triple corner sharing (TCS) H A~
Wy el 0

: P T ® Double corner sharing (DCS) HA k

@.xﬁ]’ﬁ ’ ® Double edge sharing (DCS) ¥ ~
it Ny AR, A ® Incorporated within vacancies(INC)
xterna

surface
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(TCS) YA~ EME):

Pb2+ > Cu2+ > Co2+ > Cd?+ > Mn2+ > Zn2+

(DCS) YA MITVD):
Pb2+ > Co2?t > Mn2t= Cu2+ > Cd?+ > Zn2+
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Reaction AZ, AZ, AZ, logK

2 = MnOH-"8 + Mn2* + H,0 = (EMnOH),MnOH+*1? + H+ 0.57 043 |0 -1.04

2 = MnOH-"8 + Zn?* + H,0 = (EMnOH),ZnOH*1? + H* 0.51 049 |0 -3.54

3 = Mn,0-28 + Mn?* = (EMn,0);Mn, 2 0 0 0.47

3 = Mn,0-28 + Zn?* = (EMn,0)3Zn, 2 0 0 -0.36
z Z l: - T TCS: 7.53 nm?, C;=C,=2.5 F m2, DCS : 4.95 nm?, C=2.0 F m
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HAERMBELET HE

NaOHe#1i% = 0.28 kg/m® >> NaClO##0i% = 0.052 kg/m?® .5
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Mn concentration Ca(OH)z

NaClO

Neutralization Zn concentration
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: Removal mechanism '
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Fuchida et al., Sci. Rep., 2020
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