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Abstract

Vivianite crystallization is a promising technology for recovering phosphorus (P) from wastewater
and sludge. However, organic substances can significantly interfere with this process. This study
investigated the effects of four characteristic organic compounds—glucose, bovine serum albumin
(BSA), humic acid (HA), and sodium alginate (SA)—on phosphorus recovery efficiency and product
characteristics. Results indicated that while glucose had a negligible impact on recovery, HA and SA
exerted inhibitory effects. Furthermore, with the exception of glucose, all tested organic substances
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altered the microscopic morphology of the vivianite crystals. Mechanistic analysis revealed that
Fe2+ tends to form coordination bonds with these organic substances, thereby reducing phosphorus
recovery efficiency. Specifically, the adsorption of HA and SA onto crystal surfaces impeded crystal
growth. Conversely, BSA and SA promoted the transformation of the crystallization products from
a single-layer to a stacked structure by providing nucleation sites through Fe2* enrichment. These
findings elucidate the mechanisms by which organic substances interfere with vivianite crystalliza-
tion, offering new insights for optimizing phosphorus recovery processes.
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Figure 1. Effects of organic substance type and concentration on phosphorus recovery efficiency
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Figure 2. Partitioning of organic compounds during crystallization
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Figure 3. XRD patterns of the phosphorus crystallization products: (a) glucose; (b) BSA; (c) HA; (d) SA
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Figure 4. SEM images of the phosphorus crystallization products: (a) control; (b) 1000 mg/L glucose; (c)
1000 mg/L BSA; (d) 100 mg/L HA; (e) 800 mg/L SA
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Figure 5. Schematic diagram of vivianite crystallization pathways in the presence of different organic compounds
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