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Prediction of anion adsorption on oxides by
surface complexation modeling
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Water is most important transport media for elements under earth surface condition. Most
of the elements are dissolved from rocks by water, while those are removed from water by rocks.
The mobility of the elements is governed by these processes. The transport of the elements via
water under the surface condition has been studied for understanding of weathering of rocks
and formation of ore deposits. Recently, pollutions of water and soils by toxic elements have be-
come the environmental concern. Therefore, this topic also has become an important subject to
understand the behavior of toxic elements at earth surfaces. I have studied (1) the chemical re-
actions that govern the distributions of elements between water and rocks and (2) the quantita-
tive prediction of element distributions based on the chemical reactions under the surface condi-
tion. In the latter, I am focusing on adsorption processes of minerals’ surface, that are not still
well understood so far. A quantitative way to consider the adsorption processes is surface com-
pelxation modeling. In this paper, I briefly review the history and current status of surface com-
plexation modeling.

Key words: Adsorption, Extended triple layer model, Oxyanions, Oxides, Prediction, Surface
complexation modeling, Water-rock interaction
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Fig.1 Solubility curve of gibbsite calculated by us-
ing Visual-MINTEQ (Gustafsson, 2009).
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Fig. 2 Europium concentration as function of pH in

the presence of granite powder. The straight
line shows the solubility of europium hy-
droxide (Eu(OH)s).
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Fig.3 Schematic representation of the cross sec-
tion of a metal oxide: (a) Metal ions at the
surface have vacancies in their coordination
sphere; (b) Vacant positions occupied by H.O
molecules; (c) Protons rearrange to form sur-
face hydroxyl group (modified from Drever,
1997).
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Fig.4 Schematic representation of surface com-
plexes. (a) outer-sphere complex; (b) inner-
sphere complex.
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Fig. 5 Schematic representation of interfacial

structure in triple-layer model.
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Fig. 6 (a) Adsorption isotherm of arsenate on goethite as function of pH (Antelo et al., 2005). (b)
Adsorption edge of sulfate on goethite as function of ionic strength and initial sulfate con-
centration (Ali and Dzombak, 1996). The lines show the ETLM regressions.
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Fig. 8 Correlation of the logarithms of the equilib-
rium constants for arsenate adsorption on
oxides with the inverse of the dielectric con-
stant of the oxide according to Born solva-
tion theory.

HFO: hydrous ferric oxide; am.AlO: amor-
phous aluminum oxide.
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