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Immobilization of hazardous anions by minerals formed in
Si-Al-Ca and Si-Al-Mg systems under alkaline conditions
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Elevated levels of hazardous anions such as arsenate, chromate, selenate and fluoride in
groundwater and soils are of great environmental concern due to their toxicity and mobility
under alkaline conditions. Alkaline solid wastes such as coal fly ash and steel slag are con-
sidered substantial sources of dissolved toxic anions during the engineering applications and
disposal by landfill since toxic trace elements (e.g. As, Cr, Se and F) are concentrated in
them after high temperature combustion processes and their hydration could generate hyper-
alkaline pore water wherein As, Cr, Se and F anions show high mobility due to the paucity of
effective anion scavengers in geomedia. Thus, it is necessary to find out a novel technology
in limiting the leachability of the toxic anionic species from the source materials.

Chapter 1 refers to the background and research objectives of this study and the reviews
of related literatures which support the basis of the experiments undertaken. Some secondary
Ca-containing minerals contribute considerably in limiting toxic anion release from the alka-
line solid wastes during hydration process. The chemistry of the pore water which controls
the secondary mineral formation is initially dominated by different ratios of Si, Al and Ca
elements. In addition, natural attenuation of anionic species (arsenafe, borate, silicate) was
ascribed to the Mg-containing minerals such as antigorite, brucite and serpentine, and hy-
drotalcite. After precipitation of the Ca-containing minerals, the pore water chemistry is
dominated by Si, Al and Mg due to their slow dissolution rate. To gain knowledge on the
sorption behavior of toxic anions in the pore water of alkaline solid wastes and to guarantee
long term sequestration of toxic anions, it is necessary to investigate the mineral formation
from Si-Al-Ca and Si-Al-Mg systems and the interaction of toxic anions with these minerals
during and after the formation. In this study, the aim is to determine the idea pore water
chemistry that can precipitate effective anion scavengers during weathering of the alkaline
solid wastes.

In Chapter 2, mineral synthesis in Si-Al-Ca system with different Si, Al and Ca ratios
was performed under alkaline conditions. Characterization of the synthesized mineral phases
was carried out with XRD analysis, FT-IR analysis, XAFS analysis SEM scanning. Different
minerals including portlandite, hydrocalumite, C-S-H, CASH, gibbsite, amorphous materials
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and their mixtures were generated depending on the Si, Al and Ca ratios.

Chapter 3 investigated the sorption behavior of arsenate, chromate and selenate respec-
tively in Si-Al-Ca system during and after mineral formation. The sorption behavior of these
anions was different from each other. Overall, the Si-Al-Ca system showed an anion pref-
erence in the order of arsenate;chromate;selenate. The mechanism study on mineral phases
of relatively high anionic sorption capacity with XRD, XAFS analyses revealed that anion
exchange and solid solution formation in addition to surface adsorption control the sorption
of anions in Si-Al-Ca system.

In Chapter 4, mineral synthesis in Si-Al-Mg system with different Si, Al and Mg ratios
under alkaline conditions was performed. Characterization of the synthesized mineral phases
was carried out with XRD analysis, FT-IR analysis, TG measurement, Zeta Potential determi-
nation and SEM scanning. Various mineral phases were generated in Si-Al-Mg system under
alkaline conditions such as amorphous material, brucite, smectite, hydrotalcite, serpentine
and gibbsite. The formation of these minerals was greatly influenced by the Si, Al and Mg
ratios.

Chapter 5 refers to the sorption behavior of fluoride during and after the formation of Mg-
containing minerals with different Si, Al and Mg ratios under alkaline conditions. The min-
eral phases formed under high Mg concentration such as brucite, hydrotalcite and smectite
showed high fluoride sorption capacity. While those formed under high Si or high Al concen-
tration showed relatively low fluoride sorption. According to the XRD and FI-IR analyses,
irreversible immobilization of fluoride by the high Mg-containing minerals was largely due
to the similarity of F- to OH- that resulted in the substitution of fluoride for hydroxyl in the
octahedral or tetrahedral sheets of the minerals.

In Chapter 6, to induce the precipitation of hydrotalcite, smectite or brucite via control of
the pore water chemistry of coal fly ash and granulated blast furnace slag, hydration experi-
ments using coal fly ash and steel slag with or without addition of slightly soluble MgO and
very soluble Mg nitrate respectively were investigated. Hydrotacite and brucite were precip-
itated with appropriate amount of MgO addition to both coal fly ash and steel slag. However,
with the addition of Mg nitrate hastingsite rather than hydrotalcite and brucite was precip-
itated in coal fly ash, while steel slag was still amorphous. The subsequent anion (As, Cr,
Se or F) sorption experiments indicated that coal fly ash with or without Mg source addition
had high anion (As, Cr and Se) sorption capacity, while the fluoride sorption capacity of steel
slag without MgO addition is relatively weak and can be greatly enhanced with appropriate
amount of MgO addition. The leaching tests revealed that MgO addition into coal fly ash and
steel slag could limit anion leachability due to the precipitation of hydrotalcite and brucite.

Chapter 7 presents the summary and concluding remarks as well as a short outlook for
future necessities and suggestions of research.
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