55 46 4 4 1 oo 5 oMo o Vol. 46 No. 4

2024 4 8 H Journal of Nuclear and Radiochemistry Aug. 2024
=S T CDs/Si0, £ & #1 #1535 5 B

A = 1 wn 1,2, * 11
LAEIL K2 ABE Rl 22 5 TR 2 Be, JL AT 102206; 2. W 1B K2 BRE S B fE TR AR B 5E Be, L 5T 100084

AR A% H Y R SORE, DAt % K 25 B Btk B AR O A R BT I Il i B R S iR R i EE S
[ b — B LY L R A B T M o AR AR SR A R AR A LT — Rl R A, B S A - B IS G
TR s/ SR A (CDs/SI0,) M G A kL. 8 A 5 4 7 5 6B O S Pl 7 S BB 45 T TR N B B R A
7T RAE, R THAENFETERM TN 5L, /0 W, 51 ARk &G # Si0, %4 6
TUVE H F IR A0 Si0, 1 5.8 £, TE25 S5 T 1T LUK Al 5 B Sl 7K 228 0 [ 44 7= 40, ol 4 1) 25 B 25 1t 3 800 mg/g.
Y VAR TE AT LG B R CDs/Si0, Y615 T d S sl A SE bR v UM, REEHIBFSE T pH R R, JIF Hixht
ALTENE ER AL 5 UJE XA 2R BRACR AT AR R TE 85% LA b, B L 7 0GB I PE AR . CDs/Si0, & A 44 L il
£ fA] B L G5 SRR 08 = AR BR K T Rl BE B, OGRS R BRI AR AL TR0 T i Rk R

R B Si0y AEE S T O Ak AR

FE 5 &K S TQ426; TL212 XEARERD: A X E 45 0253-9950(2024) 04-0358-09

doi: 10.7538/hhx.2024.46.04.0358

Application of CDs/SiO, Composites for Photo-Induced

Uranium Removal Under Air
ZHANG Ling-yu!, LI Kai', WANG Zhe">", WANG Xiang-ke'

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

2. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China

Abstract: Uranium is the main fuel of nuclear power, and the removal of uranium from uranium-
containing wastewater is important for environmental protection and resource recovery. Photo-induced
uranyl ion removing is an economical and efficient method to remove U(VI) from uranium-containing
wastewater. Many materials have been used for photo-induced reduction of U(VI). However, the practical
application of most materials is still limited by many factors, such as the complexity of its synthesis
process, the harsh conditions required, and the poor selectivity and reusability in the photocatalytic process.
More importantly, most materials can only be photocatalyzed under the protection of an inert atmosphere.
In the presence of oxygen, the photocatalytic product uranium dioxide(UQ,) is unstable and easily oxidized
resulting in reduced removal effect, so it becomes particularly vital to find an effective catalyst. Carbon
dots(CDs) are a new type of carbon-based materials with excellent fluorescence performance, good water

solubility and biocompatibility. However, due to the small size and hydrophilicity of the CDs, it is difficult
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to separate from water. It needs to be combined with other solid materials when applied. The application of

CDs to the photocatalytic removal of uranyl ions in water has rarely been studied. Silica(SiO,) is an ideal

loader due to its excellent mechanical strength and irradiation stability, as well as its large specific surface

area and easy modification. In this paper, a blue carbon dot was prepared by solvothermal method and

CDs/Si0O, composites were synthesized by sol-gel method. The morphology of the composite was

characterized by scanning electron microscopy(SEM) and transmission electron microscopy(TEM)

technologies, and their application in photocatalytic removal of uranium were studied. Under visible light

irradiation, CDs/Si0,-b can remove more than 95% of uranium in 100 min. Experiments have found that

the photo-precipitation rate of silica to uranium after the introduction of carbon dots is about 5.8 times of

that of the pure silica, and uranium can be transformed into solid product of (UO,)0,°2H,0 under air

atmosphere, with a removal capacity of more than 800 mg/g. The morphology and structure of the

photocatalytic products were characterized by SEM and XPS technology, and the solid products were easy

to separate and remove. In order to evaluate the practical application of CDs/SiO, light-induced reduction

of uranium under visible light irradiation, pH and other influencing factors were systematically studied.

Moreover, the removal efficiency of uranium is higher 85% after 5 cycles of recycling, showing excellent

recycling performance. CDs/SiO, composites are simple to prepare and can efficiently remove uranyl ions

in water through photoinduction, which provides a new method and material for photoinduced removal of

uranium.
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Fig. 3 Photocatalytic elimination of uranium with different amounts of CDs(a), photocatalytic elimination of uranium with SiO, and
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of Si0, and different CDs modified composites(c)
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