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Study on Sonophotocatalytic Degradation of 173-Estradiol by
Sodium Alginate Hydrogel Beads
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Abstract: To address the problems of low removal efficiency of estrogens from wastewater and the drawbacks of powder
catalysts such as difficult recovery and easy agglomeration, this study focuses on the preparation of immobilized sodium alginate
hydrogel beads and their sonophotocatalytic degradation of 17B -E2. Er*-CdS/MoS, (ECMS) is synthesized via a two-step
hydrothermal method and subsequently immobilized into sodium alginate (SA) to fabricate ECMS-SA hydrogel bead catalysts.
The morphology, crystal phase and functional groups of the as-prepared catalysts are characterized by scanning electron
microscopy (SEM), X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR). The sonophotocatalytic
degradation performance for 17p-estradiol (17B-E2) in aqueous solution in the presence of humic acid (HA) is also investigated.
Experimental results show that the degradation efficiency of 178 -E2 reaches 99.33% after 90 minutes of reaction at 2.0 g/L
dosage. After five cycles, the removal efficiency of 173-E2 still remains above 92%, demonstrating good cycling stability. The
hydrogel bead exhibits effective sonophotocatalytic degradation performance for 17p-E2, estrone (E1), and estriol (E3) in the
simulated wastewater. Among them, the degradation of 173-E2 is less affected by interference from the water matrix, while the
removal of E1 and E3 is influenced by the competitive effects of coexisting organic matter and ions. This study aims to provide a
stable and recyclable catalyst and process reference for the efficient elimination of estrogens from aquatic environments.
Keywords: Sonophotocatalysis; 17f-estradiol; hydrogel bead; cycling stability; simulated wastewater
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Fig. 1 Schematic diagram of the sonophotocatalytic
reactor
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Table 1 Preparation method of simulated wastewater stock solution

LG K AR Y5 7K LBREN kRN T mR N IR AU SR EFRARY
Simulated WWTPs wastewater CH,COONa NaHCO, KNO, KH,PO, Mixed solution of metal ions
e/ (g/L)
) 0.32 0.25 0.36 0.025 1.0 mL/L
Concentration
BB Be K 7K EXRii] TRAREN SAfei BERR S JOKGAARES JRZE
Simulated hospital wastewater NaCl Na,SO, KCl1 KH,PO, CaCl, Urea
WeJi/(g/L)
) 2.30 0.10 0.10 0.05 0.05 1.26
Concentration

VPR TR A EAGEE (0.24 g/L) , RIREE(0.44 g/L) , S7K A LA (0.50 g/L) , PUZK & 540 5% (0.28 ¢/L) .

Note: Solution composition is MgCl,-6H,0 (0.24 g/L), ZnSO, (0.44 g/L), CoCl,-6H,0 (0.50 g/L) and MnCl,-4H,0 (0.28 g/L).
7 2 RIS R EARIBIULIEHR

Table 2 Basic physical and chemical indicators of simulated wastewater

BAUI5 %7K/ (mg/L) A B AR p5t0i; Pl
Simulated wastewater ~ Total nitrogen =~ Ammonia nitrogen Nitrate nitrogen Total phosphorus ~ Chemical oxygen demand
TKARER 3.506+0.118 0.176+0.031 2.9020.028 5.428+0.057 156.40+0.35
Pz Bt 10.413+0.324 0.066+0.001 9.957+0.031 9.208+0.035 682.78+10.71
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Fig. 2 Scanning electron microscope images of (a) blank
hydrogel bead, (b) ECMS-SA bead-0.4, and (c-d)
ECMS-SA bead-0.4 after sonophotocatalytic reaction
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Fig. 3 X-ray diffraction patterns of blank hydrogel bead,
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reaction
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Fig. 4 Fourier transform infrared spectroscopy of blank
hydrogel bead, ECMS-SA bead-0.4 before and after
sonophotocatalytic reaction
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Fig. 8 Sonophotocatalytic degradation of typical steroid estrogens by ECMS-SA bead-0.4 in simulated WWTPs,
hospital wastewater in the presence of HA, and variation of 178-E2 equivalent

T [N 44 < [178-E2] =[E1] =[E3] =

Note: Reaction conditions: [17B-E2] =[E1] =[E3]

200 pg/L, BEBUERBE N9 2.0 g/L, [HA]

=2.5 mg/L, HF A% A 40 kHz.

=200 pg/L, [Hydrogel bead] =2.0 g/L, [HA] = 2.5 mg/L, [Ultrasonic frequency] = 40 kHz.
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