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Effect of Collophanite on Removal of Low-Concentration Phosphorus in Water

RU Linlin', CHEN Tianhu', ZOU Xuehua', CHEN Dong', LIU Haibo', LIU Yuhui', ZHU Shoucheng®
(1. Laboratory of Nano minerals and Environmental Materials, School of Resources and Environmental Engineering,
Hefei University of Technology, Hefei 230009, China; 2. Key Laboratory of Wastewater Purification and Ecological
Restoration Materials in Anhui Province, Hefei 230009, China)

Abstract: Collophanite fluorapatite particles were prepared as seed crystals with Ca>* and F~ ions, which were used to deeply purify
low-concentration soluble inorganic phosphorus in water. The effects of combined reactants, reactant concentration, solution pH value
and coexisting ions on the removal efficiency of phosphorus in water were investigated. To characterize the properties and clarify the
mechanism of collophanite to remove soluble phosphates in water, the samples before and after pickling and phosphorus removal
were characterized by scanning electron microscopy, transmission electron microscopy, thermoanalysis and Fourier transform infrared
spectroscopy. Collophanite fluorapatite with calcium and fluorine exhibits the maximum phosphorus removal performance. The
addition of Ca*" ions significantly enhances the phosphorus removal efficiency, and F~ ions with a low concentration have a slight
effect on the phosphorus removal efficiency. Therefore, F~ ions can be replaced by Ca*" ions. When the initial concentration of
phosphorus is 2 mg/L, pH value is > 6, and Ca®" ions concentration is > 30 mg/L, the residual phosphorus concentration after the
treatment is lower than 0.05 mg/L, thus meeting the Class Il standard of environmental quality of water resource.

Keywords: collophanite; apatite; crystal seed; depth phosphorus removal; phosphorus recovery
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Fig. 1 XRD patterns of collophanite samples
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Fig. 3 SEM images of collophanite before and after pickling
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Table 1 Changes of Ca’* and F~ concentrations in different reactant combinations
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Cl C2 C3 C4 C5 Cl C2 C3 C4 C5
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22 7.00 26.52 4.79 25.50 25.26 4.75 3.17 7.11 4.88 3.45
51 6.70 27.81 4.38 25.18 25.91 5.40 3.85 7.84 5.42 3.55
99 6.20 28.48 4.22 21.18 24.86 5.96 4.34 8.92 5.59 3.49
147 4.79 24.71 3.30 16.35 25.63 6.46 4.62 9.37 6.07 3.57
264 3.78 22.86 2.63 14.22 25.22 7.28 5.08 10.00 6.30 3.63
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Table 2  Fitting results of phosphorus removal kinetics with different reactant combinations
Pseudo-first order kinetic model Pseudo-second order kinetic model
Sample —1 —1 2 —1 —1 2
q:/(mgg™) ki/(g (mg-h™)) R qc/(mg'g™) k/(g (mg-h™)) R
Cl 0.922 0.010 0.772 0.982 0.018 0.917
Cc2 0.948 0.129 0.817 1.001 0.155 0.999
C3 0.883 0.025 0.691 1.030 0.030 0.973
C4 0.952 0.137 0.830 1.000 0.171 0.999

(a) Before phosphorus removal

(b) After phosphorus removal
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Fig. 10 TEM images of collophanite apatite before and after phosphorus removal
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