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Abstract: Oxygen vacancy-rich magnesium oxide (OV-MgO) microrods were prepared through the combination of chemical
precipitation method with high-temperature calcination. The effects of adsorbent dosage, pH values of the solution, coexisting ions
and humic acid on the phosphate removal performance were explored. The adsorption kinetic and isotherm models were used to
analyze the mass transfer process and the equilibrium characteristics of phosphate adsorption. X-ray diffraction (XRD), Fourier
Transform infrared spectroscopy (FTIR), electron paramagnetic resonance (EPR) and X-ray photoelectron spectroscopy (XPS) were
adopted to reveal the phosphate adsorption mechanisms. The results indicated that OV-MgO microrod was a mesoporous material
with a total pore volume of 0.18cm’/g, and had a good acid resistance. The phosphate adsorption was influenced by SO,* and
HCOj; ions, but its adsorption capacity only decreased by 5.18% and 4.67%, respectively, exhibiting an extremely high selectivity.
NH," and Ca®" ions present in the solution contributed to the phosphate adsorption based on the formation of struvite crystals and
calcium phosphate precipitates. The adsorption of phosphate on OV MgO nanorods followed the fractal-like pseudo-first-order
kinetic model (Adj. R*=0.9979 and RMSE=3.25). The fitting result of the Vermeulen model indicated that the intraparticle diffusion
was the rate-controlling step. The maximum adsorption capacity predicted by the Langmuir isotherm model was 267.1mg/g (as
PO, —P). The adsorption mechanisms of phosphate mainly included ligand exchange, surface precipitation and oxygen vacancy
capture.
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Table 2 Performance comparison of metal (hydr)oxides for phosphate removal

W B 5] il ik LLR A (mYg)  pHpe (8 By A Rl Ima(mg/e)  BFE LR
LMO-AA3 TKAYZE R AR D+ TR i 51.52 6.52 2% Redlich-Peterson 113.48 [31]
FMBO EASIIRASPN 213.34 7.81 Elovich Freundlich 28.6 [32]
Fe-Ti EASIIRASPN 384 6 2% Langmuir 42.1 [33]
CeO, AR 25.94 - th— % Langmuir 80.5 [10]
MgLa-LDH P+ 64 9.37 2% Langmuir 121.6 [34]
NiLa-LDOs/Fe;0,  ZK#Rk+ILyiieidi+1ike 97.71 11.7 h 2% Langmuir 203.1 [35]

OV-MgO A2 TEHER e 62.35 >11 Iy AN —%% Langmuir 267.1 ESUED
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Fig.6 XRD patterns of OV-MgO microrods before and after
phosphate adsorption
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Fig.8 XPS spectra for phosphate adsorption on OV-MgO microrods
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