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Abstract: Vanadium production generates significant quantities of “triple-high” complex vanadium-
extracted wastewater (high in ammonia-nitrogen, hexavalent chromium, and salt) from sodic roasting
vanadium extraction, alongside magnesium-rich desulfurization effluent from flue gas desulfurization.
These effluents pose significant resource and environmental challenges. Traditional separate treatment
methods for these wastewater face challenges of large land occupation and high maintenance costs. This
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study proposes a struvite-driven co-treatment strategy aimed at the preliminary treatment process, where

vanadium-extracted wastewater serves as the nitrogen source and desulfurization wastewater provides
magnesium for struvite precipitation. Under optimal conditions (pH = 9.5, n(Mg):n(N) = 1.8, n(P):
n(N) = 1.5, reaction time = 15 min) with in-progress precipitation pH adjustment mode. The process en-
abled recovery of NH, —N (97.72%) and Mg’* (86.62%), and precipitated Cr-free struvite (73.24%) and
hazenite (23.75%), highlighting its dual-resource recycling capability. Additionally, the process re-
duced chemical usage by 22%-60% and minimized land occupation, thereby reducing the treatment load
of subsequent high-salt wastewater. This research provides a new and efficient strategy for the resource

utilization of wastewater generated by vanadium plants.

Key words: magnesium ammonium phosphate; high ammonia-nitrogen wastewater; desulphurization

wastewater; vanadium-extracted wastewater; resource recovery
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Table 1 Key parameters of vanadium-extracted wastewater

Parameter Average value (mg/L, except pH)

pH 2.46
Cr(VI) 1500
N 2 850
Si 3.92
v 29.9
P <0.01

Ca 47

x2 BERMEXKTIESH
Table2 Key parameters of high-magnesium desulfuriza-
tion wastewater

Parameter Average value (mg/L, except pH)
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Fig.2 Effects of n(Mg):n(N) on the concentrations of
NH,-N, Ca™, Mg, Cr(VI), and sediment mass
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Fig.3 XRD patterns of precipitates obtained at different
n(Mg):n(N)
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Fig. 7 XRD refinement results of the recovered products
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Fig. 8 SEM and EDS images of the obtained products
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Table 3 Comparison of raw material costs for several common combinations

Combination Mg source Unit price of Mg source (CNY/kg) Input cost (CNY/kg MAP)  Cost saving/%
A MgO 180 176.36 22
B MgCl,-6H,0 62 205.01 33
C Mg(OH), 670 346.69 60
D MgSO, 7H,0 46 225.82 39
E High-magnesium desulfurization wastewater 0 137.53

Note: Prices were obtained from www.reagent.com and reflect quotations for 500 g bottles of chemical pure (CP) grade, as of January 2025.
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