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The influence of Mg/Ca ratio on biomineralization products in anaerobic
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Abstract: Anaerobic digestate from organic waste typically exhibits high concentrations of chemical oxygen demand
(COD), phosphate and ammonia nitrogen, classifying it as recalcitrant high-strength organic wastewater. This study
proposes supplementing digestate with sulfate as an electron acceptor for sulfate-reducing bacteria, aiming to rapidly
degrade organic matter while inducing biomineralization to fix carbon, nitrogen, and phosphorus. To investigate the
influence of magnesium and calcium ions on COD removal, biomineralization products, and carbon fixation in anae-
robic digestate, batch biomineralization experiments were conducted using anaerobic systems with varying magnesi-
um and calcium ion concentrations. The results show that under a total salinity of 10 g/L and a Mg”>*/Ca® molar ra-
tio ranging from 0.5 to 10, increasing the Mg”* concentration from 0. 12 g/L to 2.4 g/L boosted total organic car-
bon (TOC) degradation rates initially, but then caused them to decline. The optimal degradation rate was achieved

at a Mg>*/Ca’* molar ratio of 5, corresponding to 1.2 g/L of Mg**. Furthermore, when the Mg”*/Ca* molar ratio
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was less than 1, calcite and struvite were the primary mineralization products, whereas monohydrocalcite and stru-

vite prevailed for ratios above 1. These findings suggest that Ca’* mainly facilitates carbon capture, while Mg”" is

crucial for immobilizing nitrogen and phosphorus. Consequently, the Mg®*/Ca® molar ratio serves as a key regula-

tor of controlling both the types and proportions of carbonate and phosphate phases.

Key words: sulfate reducing bacteria; organic waste; anaerobic digestion; carbon sequestration; struvite; mono-

hydrocalcite
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Fig. 2 Variation curves of pH (a), sulfate (b), TOC (c¢), IC (d) in the bottle of different Mg and Ca ratio
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Fig. 3 XRD (a) and local spectra (b) of solid products after reactions in different reaction systems

F 1 AEESSLE SRB EWFT U= WE RS H xy/ %
Table 1 The molar proportion of monohydrocalcite and struvite at different magnesium ion concentrations
UR/Li CalMgl CalMg3 CalMgd CalMg5 CalMgb CalMg8 CalMgl0
LV iy ) 60. 8 92.5 54.9 51.6 46.4 37.6 8.6
e 39.2 7.5 45.1 48.4 53.6 62.4 91.4

100 pm

K4 ARG EE L R 534 1) SEM KR
Fig. 4 SEM image of struvite in the bottle of different Mg and Ca ratio

S BB T AGEM AT S FE A RIES, WM R ZY 150 wm, T2 45 pm,
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ORI 22 B KO 3 . BEAS O 3 I, B4 2 A K5 AR BEES L A5 T A o AL My iR £
PRKZ 95 pm, W29 19 pm; BEESLLON 8 I, 3647 BYIEA AR XRD M4 2R IR 5 HA 85 & 71,
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Fig. 5 SEM image of carbonate in the bottle of different Mg and Ca ratio
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Fig. 6 TEM image and energy spectrum image of monohydrocalcite in the bottle of different Mg and Ca ratio
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