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Abstract: The rapid development of emerging industries has led to a shortage of phosphorus
resources, while the yellow phosphorus production industry urgently requires green and resource-efficient
transformation. Therefore, the recovery of phosphorus resources from high-concentration phosphate
production wastewater is being considered. However, the lack of systematic detection methods for
complex phosphorus forms in yellow phosphorus production wastewater has hindered resource recovery
efforts. Taking the production wastewater from a yellow phosphorus enterprise in Hubei as an example,
this study summarized qualitative analysis and quantitative detection methods for different phosphorus
forms, investigated the distribution characteristics of phosphorus forms in wastewater from different nodes
of a typical yellow phosphorus production process, proposed transformation pathways for different

phosphorus forms, and analyzed the transformation mechanisms based on density functional theory
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calculations. The results showed that the proposed analytical and detection methods were applicable to

water samples with complex phosphorus forms. The phosphorus content in yellow phosphorus production

wastewater could reach up to 40 g/L, with most samples around 17 g/L, of which approximately 70% was

orthophosphate, indicating high potential for phosphorus resource recovery and utilization. This study

provides a reference for resource utilization in the yellow phosphorus chemical industry.
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Fig.1 Diagram of production and discharge nodes for

yellow phosphorus production wastewater
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Tab.l1 Water quality parameters at production and discharge nodes

TiH pH S (mg/L) | B/ (mg/L) HARAR (mg/LL) fiE/(mg/L) | #/(mg/L) | F5/(mg/L)
SRR EEE K | 5127 16 683.26 2 882.09 28.25 187.50 1 862.50 13.75
ZWERE SRR K 5.285 17 026.05 3076.30 20.86 196.35 1900.77 14.53
K HIREEOE T K | 5.267 17 068.90 3 069.52 32.78 199.83 1873.50 14.57
TSAKIEIB I AR | 5.183 16 554.72 3013.07 33.74 186.06 1817.36 15.64
YRR K 5.298 16 897.50 2936.29 25.39 199.91 1 864.50 12.93
e A K 6.322 39 365.25 3701.82 97.41 188.57 1 893.58 17.61
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Tab.2 Chemical composition corresponding to main

fragment peaks

m/z DR m/z R
65 H,PO, 267 | Na,HP,0,
79 PO, IEETF | 289 | NaP,0,
109 | Na,PO, 305 | NaKP,0,
125 | Na,PO, 47 PO
141 | NaKPO, 79 PO,
143 | Na,H,PO, 81 H,PO,
149 | Na,HPO, 96 HPO,
EEF | 157 K,PO, 97 H,PO,
159 | NaKH,PO, 112 HPO,
165 | Na,HPO, hET 129 | NaBPO,
181 | Na,KHPO, 145 | NaBPO;
187 | Na,PO, 149 | NaP,0,
197 | NaK,HPO, 165 | NaP,0,
203 | Na,KPO, 181 NaP,0,
219 | NaK,PO, 197 KP,0,
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Fig.3 Distribution of phosphorus forms in yellow

phosphorus production wastewater
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Fig.5 Electrostatic potential distribution of optimized configurations of different phosphorus forms
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