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Micro—interfacial Mechanism and Model of Metal Ions Adsorption on the Iron( Hydr ) Oxides and Humic
Substances: A Review
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(1.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.College of Resources and Environment, South
China Agriculture University, Guangzhou 510642, China )

Abstract: [ron(hydr) oxides and humic substances(HS) are important natural active substances and ubiquitous in soils. Owing to their much
larger specific surface area and a greater variety of active functional groups such as ~-COOH and —OH, the specific interactions of heavy metal
ions adsorbing on the surface of iron(hydr) oxides and HS can easily occur through electrostatic and ligand exchange, which affects transport,
transformation and biological effects of heavy metal ions. Understanding the mechanism of micro—interfacial interaction between heavy metal
ions and iron(hydr) oxide—HS complex is of great importance to clarify the transport and transformation of heavy metal ions in the
environment. In this review, the mechanisms and models about the adsorption of metal ions on natural active substances were summarized.
These advances would provide an important theoretical basis for risk assessment and control of heavy metals in contaminated soils.
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Figure 1 Schematic presentation of the goethite crystal morphology?!
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Table 1 Binding types of two valent metal ion(M?) on goethite surface
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[~FeOH-M]"3 Ca 1 AM110]i—FeOH? Bl [10,24]
[(=Fe,OH ),-M]? Cu.Cd.Pb.Zn 2 AM001]i#~Fe,0H Wi [23]
[(=FeOH),-M]* Cu.Cd .Pb.Zn 2 AM110]Hi-FeOH? G [23]
[~FeOH-M—( HOFe, )]s Zn 1 AN 110]f~FeOH3 1 1 AN[001]f-Fe,OH° Xt [25]
[(~FeOH ),~M—(OFe; )] Cu.Pb 2 M[L10]Hi-FeOH S il 1 4~[021]ffi-Fe:0° =1k [26-27]
[(=FeOH ),-M-( HOFe, )] Cu.Cd.Pb.Zn 2 AM110]fE—FeOH*S F1 1 4001 ]ifi-Fe:0H° =t [23,28]
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Table 2 Application of CD-MUSIC model in study of heavy metals adsorption on goethite

SRET FHIEA I=u! 75 2 0-plane 1-plane 2-plane log K BHCHR
Cu —(FeOH ),Cu* 2-FeOH™ 0 0.84 1.16 0 9.18 [10]
—(FeOH),CuOH® 2-FeOH™? 0 0.84 0.16 0 3.60 [10]
—(FeOH ),Cu,(OH )," 2-FeOH™? 0 0.84 1.16 0 3.65 [10]
—(FeOH ),Cu,(OH )y 2-FeOH™ 0 0.84 0.16 0 -3.10 [10]
Cd —(FeOH ),Cd* 2-FeOH™ 0 0.71 1.29 0 6.98 [38]
—(FeOH),CdOH® 2-FeOH™ 0 0.71 0.29 0 -2.94 [38]
—(Fe,OH),Cd*! 2-Fe,OH™® 0 0.71 1.29 0 6.98 [38]
—(Fe,OH),CdOH® 2-Fe,OH™® 0 0.71 0.29 0 -0.32 [38]
Zn —(FeOHFe;0)Zn* 1-FeOH™® 1-Fe;07% 0.83 1.17 0 8.01 [25]
—(FeOHFe;0)ZnOH® 1-FeOH™® 1-Fe;07% 0.83 0.17 0 -1.0 [25]
—(Fe,OH)»Zn*" 2-Fe,OH™® 0 0.83 1.17 0 6.63 [25]
—(Fe,OH ),ZnOH" 2-Fe,OH™® 0 0.83 0.17 0 -2.38 [25]
Hg —(Fe0),H-Hg 2-FeOH™? 0 0.82 0.2 0 3.7 [39]
—-(FeO),-Hg 2-FeOH™? 0 -0.03 0.03 0 -5.0 [39]
Pb —(FeOH ),Pb*! 2-FeOH™ 0 1.15 0.85 0 9.75 [38]
—(Fe,OH),Pb*! 2-Fe,OH™® 0 1.15 0.85 0 9.75 [38]
Cr -FeOCrO;™ 1-FeOH™ 0 0.2 -1.2 0 8.0 [40]
—(Fe0),CrO," 2-FeOH™? 0 0.4 -0.4 0 17.1 [40]
As -FeOAs(OH), 1-FeOH™® 0 0.16 -0.16 0 4.41 [41]
-Fe,0,AsOH 2-FeOH™ 0 0.34 -0.34 0 7.20 [41]
-FeOAsO,OH 1-FeOH™ 0 0.30 -1.30 0 26.87 [41]
-Fe,0,As0, 2-FeOH™ 0 0.47 -1.47 0 29.33 [41]
-Fe,0,AsOOH 2-FeOH™? 0 0.58 -1.58 0 32.57 [41]
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Figure 2 The cation exchange model between humic substances

and divalent metal ions
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