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* Removal characteristics of hydrogen sulfide with granulated coal
ash under aerobic and anaerobic conditions.
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Fig.1 Photograph of Granulated Coal Ash (GCA)
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Table.1 Chemical composition of Granulated
Coal Ash (GCA)

Main Substances Concentration (g kg ')

Sio, 395
Carbonate 133
ALO, 126
CaO 55.4
Organic Carbon 27.4
Fe,0, 22.5
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Table.2 Physicochemical properties of the Granulated Coal Ash (GCAs) .

Fly ash (%) Specific surface area (m®g ') Surface pH Crushing strength (N mm ?) Pozzolanic reaction (%)
95 8.53 10.8 0.102 2.8
87 11.4 10.2 1.32 8.1
70 20.8 11.7 2.77 15
40 7.44 11.6 6.04 10
0 7.70 12.2 8.93 -

3)
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Fig.2 Removal kinetics of hydrogen sulfide by the GCAs.
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(a) and (b) are initial concentrations of 10 and 100 mg-S L, respectively.

Error bars show standard deviations.
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CFA is coal fly ash.
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Fig. 3 Time course of hydrogen sulfide after addition of
the GCA under anoxic condition.'”
Initial concentrations of hydrogen sulfide were
2 and 10 mg-S L. Error bars show standard
deviations.
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Fig. 4 Time course of hydrogen sulfide after addition of
the GCA under anoxic condition."”
Initial concentration of hydrogen sulfide was 130
mg-S L. Error bars show standard deviations.
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Fig. 5 Time course of hydrogen sulfide after addition of
the GCA under different DO concentrations.'”
Initial concentrations of hydrogen sulfide were 10
mg-S L' Error bars show standard deviations.
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Fig. 6 Rate constant for removal of hydrogen sulfide with
and without GCA (control) under different DO
concentrations'®

Initial hydrogen sulfide concentration was 10 mg—S
L%, Error bars show standard deviations.
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Fig. 7 Sulfur K edge XANES spectra of the GCA and
several sulfur standards.”

The gray dotted curves are observed spectra and
curve fitting results. Initial is GCA without hydrogen
sulfide adsorption; The value of 1.5, 9.5, 18 mg g ' are
amount of hydrogen sulfide adsorbed onto the GCA.
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Fig. 8 Manganese K edge XANES spectra of the GCA and
several manganese standards.”
The dot curve is curve fitting result. Initial is the
GCA without hydrogen sulfide adsorption; Final is
the GCA with hydrogen sulfide adsorption.
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Anoxic condition

Manganese oxide as adsorption
sites for hydrogen sulfide on
granulated coal ash was reduced
and coupled with H,S oxidation.
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Oxic condition

Reduced manganese oxide
on the granulated coal ash
was oxidized or regenerated.

J

Fig. 9 Regeneration mechanisms of the adsorption site for hydrogen sulfide on the GCA.'”
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Abstract

Sediments lying under enclosed water bodies
adjacent to large metropolis are affected by high
organic sedimentation fluxes. Decomposition of
organic matter in eutrophic sediments consumes
large amount of dissolved oxygen from the water
column. Hypoxic water mass is often formed during
the stratified seasons. Under such anoxic condition,
hydrogen sulfide that is highly toxic to benthic
organisms is generated by sulfate reducing bacteria
activities. Therefore, reducing hydrogen sulfide
concentration in eutrophic marine sediments is
crucial to maintaining healthy aquatic ecosystems.
In order to remediate eutrophic marine sediments,
granulated coal ash is produced through the
granulation of coal fly ash from coal thermal electric
power stations with added blast furnace cement as
binder amounting to 13% of the final product. When
coal fly ash is mixed with blast furnace cement, the
silicon oxide and aluminum oxide in coal fly ash
react with the calcium hydroxide in blast furnace
cement, which increases the specific surface area
and compression strength of the granulated coal
ash. The granulated coal ash is mainly composed of
silicon oxide, carbonate, aluminum oxide, calcium
oxide, organic carbon and iron oxide. The granulated
coal ash could remove hydrogen sulfide under both
anaerobic and aerobic conditions. Hydrogen sulfide
was adsorbed onto the granulated coal ash and
successively oxidized by manganese oxide in the
material. The adsorption site for hydrogen sulfide
could be regenerated under aerobic condition.
However, the maximum removal of hydrogen sulfide
by granulated coal ash was only 5.1 mg-S g ' under
anaerobic conditions because the manganese oxide
which oxidizes hydrogen sulfide to sulfur could
not be regenerated. This study will propose new

applications utilizing by-products from coal-fired

®
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power plants and will contribute to further coal ash
waste reduction and set the standard for industrial-

scale recycling.
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