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Abstract: Excessive manganese in drinking water not only causes sensory problems, but also has
negative effects on human health. In this study, solar power was used as the energy source to drive an
aeration system, which could fluidify birnessite and then built an integrated equipment for manganese
removal with immersion ceramic ultrafiltration membrane. Specifically, manganese oxides with excellent
adsorption capacity and catalytic oxidation ability were prepared in situ in the filtration cell for anti-
oxidation ceramic membrane. Both the manganese oxidizing bacteria concentrated by membranes in the
initial stage of filtration and the aeration-enhanced birnessite in suspension could favor the removal of

manganese. The energy provided by solar power system could meet the demand of the electricity for
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aeration, with a maximum output of 48.29 W -h/d, which enabled the aeration pump to produce 241.45 L
gas. This integrated equipment could effectively remove manganese ions from groundwater. The
concentration of manganese ions in effluent was less than 0.008 mg/L and 98% removal rate was achieved
when the influent manganese ion concentration was less than 0.5 mg/L. At the end of the experiment, the
water purification efficiency remained stable when the membrane flux was stabilized at 20 L/(m’+h). The

microbial analysis results showed that there were a large number of manganese oxidizing bacteria in the

system. The results of XPS, XRD, Raman and SEM-EDS analysis showed that the formation and the
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maturation of birnessite could improve the manganese removal.
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Fig.2 Relationship between gas production and solar
energy supply
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Fig.4 Change in the morphology of ceramic membrane
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Fig.5 Advanced characterization image of birnessite samples
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Fig.6 Scanning electron microscopy and EDS elemental analysis of birnessite samples
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