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Fig.1 Schematic diagram of removal of active

pharmaceuticals in water by SR-AOPs with rare

earth-based catalysts
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Table 1 Synthesis methods and performances of La-based catalysts as PMS activator

Catalysts Synthesis method Contaminants Oxidant Degradation rate
LaNiO, [ Calcination Phenol PS 96%
(0.25 g/L) Method (10 mg/L) (10 mmol/L) (30 min)
LaCoO, ['®] Sol-gel Phenol PMS 95%
(0.2 /1) Method (20 mg/L) (0. 1 mmol/L) (90 min)
La, 5Sr, sCo,Mn,_ 0, % Sol-gel Tetrabromo bisphenol A PMS 100%
(0.1 /L) Method (TBBPA, 20 mg/L) (0.13 g/L) (45 min)
LBCy g M, , % Sol-gel Phenol PMS 100%
(0.1 g/L) Method (25 mg/L) (1¢g/L) (20 min)
Co030,-La,y 0,C0,/C Hydrothermal Phenylphosphonic acid PMS 100%
(0.2 ¢/L) Method (PPOA, 100 pmol/L) (1.2 mmol/L) (60 min)
Co30,-La,0,C0,@ "] Hydrothermal Roxarsone PMS 100%
(0.2 /1) Method (ROX, 50 wmol/L) (0.5 mmol/L) (10 min)
NiFeLa{HPW | -LDH"] Coprecipitation Tetracycline PMS 90%
(40 mg/L) Method (TC, 20 mg/L) (2 mmol/L) (60 min)
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Table 2 Synthesis methods and performances of Ce-based catalysts as PMS activator

Catalysts Synthesis method Contaminants Oxidant Degradation rate
MnCe-CN! ! 2, 4-dichloropheno PMS 100%
Calcination method
(0.5 ¢/L) (2,4-DCP,20 mg/L) (0.8 mmol/L) (30 min)
Fe-Ce@ N-BC!'7! Metronidazole PMS 97.5%
Calcination method
(0.75 g/L) (MNZ, 0.01 g/L) (2 mmol/L) (60 min)
HPCMO[? 2, 4-dichloropheno PMS 100%
Hydrothermal method
(0.2 g/L) (2,4-DCP, 50 mg/L) (1.0 g/L) (90 min)
Co-Ce/MCM-48! %" Sulfamethazine PMS 67.2%
Hydrothermal method
(0.2 g/L) (SMT, 10 mg/L) (0.4 ¢/L) (90 min)
Co-Ce0, %! Tetracycline PMS 91. 6%
’ Hydrothermal method
(0.4 g/L) (TC, 30 mg/L) (0.6 g/L) (60 min)
15%CoFe,0,-Ce0, ] Atrazine PMS 96%
Hydrothermal method
(100 mg/L) (ATZ, 9.2 pmol/L) (0.1 mmol/L) (30 min)
Fe;Ce, 0, 1" Glyphosate PMS 100%
Coprecipitation method
(3 g/L) (100 mg/L) (0.5 mmol/L) (15 min)
(Co+Ce)-OMS-21% Diclofenac PMS 88. 4%
Solvent-free method
(0.1 g/L) (DCF, 0.01 g/L) (0.2 g/L) (17.5 min)
Co-Ce/MCM-48"3% Ciprofloxacin PMS >T70%
sreen ball milling
G ball milling
(0.2 g/L) (CIP, 10 mg/L) (0.4 g/L) (10 min)
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Table 3 Synthesis methods and performances of other rare earth-based catalysts

Catalysts Synthesis method Contaminants Oxidant Degradation rate
Cu-Nd-OMS-211%! Calcination Methylparaben PMS 100%
(400 mg/L) Method (MEP, 30 mg/L) (0.2 g/L) (30 min)
Cobalt-yttrium binary oxide ') Calcination Phenylphosphinic acid PMS 100%
(0.2 g/L) Method (PPOA, 50 pmol/L) (1.0 mmol/L) (30 min)
Co50,-Y,0,1] Sol-gel Roxarsone PMS 100%
(0.2 g/L) Method (ROX, 50 pwmol/L) (0.5 mmol/L) (15 min)
CS@ 20%g-CN'! Sol-gel Tetracycline PMS 94%
(0.25 g/L) Method (TC, 50 mg/L) (2.2 mmol/L) (150 sec)
Eu,Ti,,0,,N,/CoFe, 0, Sol-gel Ibuprofen PMS 96. 9%
(0.8 ¢/L) Method (IBP, 10 mg/L) (0.6 mmol/L) (150 min)
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Research Progress in Persulfate Activation for Active Pharmaceuticals Removal in

Water with Rare Earth based Catalytic Materials

SHAO Ming-hui', LI Xiu-ze', NIU Xu-dong®, YANG Xu-dong', QI Juan-juan'”

(1. College of Environmental Science and Engineering, North China Electric Power University, Beijing 102206, China;

2. School of Chemical and Environmental Engineering, China University of Mine and Technology, Beijing 100083, China)

Abstract: In recent years, rare earth-based materials have shown excellent performance as catalysts or co-catalysts for
persulfate activation on the removal of active pharmaceuticals in water due to their unique electronic structure characteristics
and adjustable valence state. In this paper, the research progress of rare earth-based catalysts in activating persulfate process
is reviewed. The common synthetic methods of rare earth-based catalysts are introduced, the activation mechanisms of persul-
fate are discussed, and the catalytic activities of active pharmaceuticals in water are outlined. Moreover, based on the pionee-
ring and innovative scientific research, the development trend of rare earth-based catalysts applied in sulfate radical advanced
oxidation processes (SR-AOPs) to remove the active pharmaceuticals in water are summarized and prospected. This review is
expected to provide reference for the design and construction of novel rare earth-based materials in the future.

Key words :rare earth-based materials; persulfate activation; synthetic methods; degradation mechanism; advanced oxi-

dation processes





