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Investigation on vivianite crystallization mechanisms for phosphorus recovery and its

application in acetylene purification wastewater treatment
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Abstract : Phosphorus recovery from wastewater is a key approach to mitigating resource scarcity and controlling
eutrophication. Vivianite (Fe;(PO,),+8H,0) crystallization, characterized by low reagent (Fe" salts) cost and a
wide applicable pH range, has emerged as a promising technology for phosphorus recovery. The induction time and
secondary nucleation rate of vivianite crystallization, as well as its phosphorus recovery performance from acetylene
purification wastewater in a fluidized-bed crystallizer are investigated. Results show that the induction time
decreases with increasing supersaturation, and the nucleation mechanism shifts from heterogeneous to
homogeneous when the supersaturation ratio (S,) reaches 26. The secondary nucleation rate increases markedly
with supersaturation, with a critical relative supersaturation (o) of 24. In a continuous-flow crystallizer, a hydraulic
retention time of 60 min achieves a phosphorus removal efficiency of 70% , and the mean vivianite particle size is
approximately 50 wm. Thermodynamic simulations further indicate that vivianite could form within a pH range of
5-10 in acetylene purification wastewater, where Na® and CI” impurities show negligible effects on its formation.
Combining batch and continuous experiments, this study provides both kinetic and thermodynamic insights that
support the practical application of vivianite crystallization for phosphorus recovery from industrial wastewater.
Key words: acetylene purification wastewater; phosphate recovery; crystallization; vivianite; nucleation

kinetics; thermodynamics
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Table 1 Quality of acetylene purification wastewater

p(Na )/ p(CI)/ p(SO5)/ p(POS-P)/ p(CH,COO )/
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Fig. 1 Induction time of vivianite crystallization at different

supersaturation levels
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Fig. 2 Variation of vivianite crystals amount and secondary nucleation rate of crystallization at different relative

supersaturation levels
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under different HRT conditions
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Fig. 5 SEM images of vivianite crystals during crystallization experiments at HRT = 60 min
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Fig. 6 Thermodynamic simulation results of vivianite crystallization systems under different pH conditions
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