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Poorly-crystalline ferrihydrite is ubiquitous in the environment and has
important contributions to controlling the fate of arsenic
in sediments and soils. Although there is evidence that ferrihydrite has a higher
affinity towards As(lll) relative to As(V), little is known about how and why
As(Ill) is readily immobilized by ferrihydrite. In this study, ferrihydrite was
employed to evaluate the As(Ill) and As(V) adsorption behavior. The properties
of ferrihydrite such as morphology, pore size distribution, arsenic adsorption
species, and adsorption energies of arsenic at different sites were
carefully examined using TEM-EDS mapping, positron annihilation lifetime
(PAL) spectroscopy, X-ray absorption spectroscopy (XAS), N2 adsorption
isotherms, and theoretical calculations of density function theory (DFT). Batch
adsorption experiments revealed that the maximum adsorption of As(lll) (839.7
pmol g-1) on ferrihydrite, fitted by Langmuir model, was considerably larger
than that of As(V) (372.4 umol g-1). PAL characterization and pore size
distribution analysis demonstrated that ferrihydrite had an abundance of
vacancy cluster-like micropores, which consisted of 10-20 atom deficiencies
(V10-20). The greater As(lll) adsorption to ferrihydrite was attributed to its
surface adsorption sites as well as its abundant micropore adsorption sites,
available only to As(Ill), due to its size matching well with ferrihydrite
micropores, thus significantly contributing to greater As(lll) immobilization.
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Fe-Mn binary oxide has received increasing interest in treating As(lll)-
containing polluted groundwater due to its low cost and environmental
friendliness. Although the stability of Fe-Mn binary oxide is as important as its
adsorption ability, little is known about whether and why Fe-Mn binary oxide is
stable during As(Ill) removal. In this study, five successive cycles were
conducted to evaluate the stability of Fe-Mn binary oxide for As(lll) removal.
As(lll) oxidation/adsorption kinetics and the speciation distribution of the
released Fe and Mn elements within single Fe oxide, Mn oxide, and Fe-Mn
binary oxide were investigated by using characterization techniques of TEM-
EDS mapping, selected area electron diffraction (SAED), and XPS combined
with a binary component reactor, where Fe and Mn oxides were separated by a
semipermeable membrane. The results revealed that Fe-Mn binary oxide could
maintain excellent stability, although As(lll) oxidation/adsorption behavior was
coupled with the release of Fe and Mn ions from its surface. The great stability
of Fe-Mn binary oxide for As(lll) removal was attributed to the rapid return of
aqueous Fe(ll) and Mn(ll) to the solid surface, which subsequently formed new
mineral phases mediated by Fe and Mn oxides, thus considerably decreasing
the loss of released Mn(ll) and Fe(ll).
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