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Fig.1 SEM images and EDS spectra of CuO((a), (b)), BiFeOs((c), (d)) and CuO/BiFeOs((e), (f))
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Fig. 5 Dynamic curves of U(VI) reduction under visible light
irradiation: (a) Remove rate; (b) In(p/po)
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Fig. 6 Photostability of CuO/BiFeO; heterojunction
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Fig. 7  Catalytic reduction mechanism of U( VI) by
CuO/BiFeO; heterojunction photocatalyst: (a) XPS spectrum of

U 4f; (b) Catalytic reduction mechanism

UVD 434, W] GE R R BB AT YD IR Jaf
A 5 J5 I A IR A R A 3 T P A B B S R4 FH 1)
53, CuO MIIAKRIEM T BiFeO; HILLR A,

R T HAM B ERE: R UV etk
b R B (R AR R TR, IR IR R TRk
AR R FE R, BiFeOs KIE T HEALH O HIMER, 7R
AL LG R G R PEAE HL- O (ecp—h 'v), TEE A
e, BiFeO; fIt 5 15 LML RE L6 A2 LT AL CuO
(157 LR B BiFeO, R 1H, MIMHNH] T HF—25K
XHEE, N UNVDEERME 7 HEZREEAL . [
B, PR X (h ve) B A IR R A, R R
{10 PR 2 CFR B 78 1 2 R TR R D), 4 S X (R ye)
AT, WA (0 ve) BE T AL T R,
TR SRS 7 (h ve), WAL CO, 1 H,0,

1M HL T (ecp) s UNVDIE R K U(IV). BEAb, AR FIK
WA PAFIR S I (h ve), AR EE 5064 FL 7150 &,
(R T TR UVDIE R, Safi bl 7 30015

FLAARI) e ML A% AT BLA R ORI -

BTS2 TR

CuO/BiFeO;+hv—secpth v )
UO,” " +H"+e—U*"+H,0 (3)
CH;0H+h"y5—>HCHO+H,0 4)
HCHO+h'yy —HCOOH+H,0 (5)
HCOOH+h"y5—>CO,+H,0 (6)
H,0+h"yg—>+-OH+H" @)
3 ZEip

1) JES R BTES % T CuO/BiFeO; R 45 E &
FeHEART; AL RF, CuO Piki LERR, FHEE
T, RN, SEALEEE, SURELF. BiFeO; AN
DU PRI RORE T S CEROIR , B 5 4RI 4544, CuO A 3525
(143 (e BiFeO HIZEM . B ] CuO M7 EkE,
e85 5 ] WG L RE 77, A e H =2 O )

A, REDGHEAAEE.

2) CuO/BiFeO; 5 it &5 JefE AL A UV A
BUFIMEAEJEBE ST HEAIE IR UVD S50 45 SRR 0,
MEEMEF CuO M HAEE A 10%, pH 7 4.5, U(VI)
WRIE N 5 mg/L, eI EINE N 0.6 gL, =
TSR N 8%, T [E]JY 100 min B, U(VI)
2 BRFIAE] 96%LL L.

3) MEbataE MR g LR, K1t 4 RAEIA LA
J&, EAEMAFIHER S UVDFEBRZETIRA 80%
DA b, Ut B AR LA B R A s AT T B R

4) EJFHLEE R, CuO/BiFeO; 4 H &
AR I UV 2 W B A AL i 7]
TERMZEE, FEUJHMAE, CuO 5 BiFeO; [
SE, MR T TR, T T O

H FEE T U(VD DB R CR

REFERENCES

[11 £ 52, WKE, BeE, Sk, e SaRi/
TEMREE S MR B (VD R PERED]. T EA SR
224, 2016, 26(6): 1264—1271.

WANG Liang, XIE Shui-bo, YANG Jin-hui, ZENG Tao-tao,
LIU Jin-xiang. Adsorption properties of graphene
oxide/silica composite materials for uranium(VI)[J]. The

Chinese Journal of Nonferrous Metals, 2016, 26(6):

1264-1271.



1396

hEA O RYR

2020 £ 6 H

(2]

[4]

[5]

(6]

(7]

WKW, MR M, DA, EIRT, G, m F, RF
T, BuER HIE R KL Ve 22 U(VDIS2 i R 3R Je A e
PR, o EA 48 2R, 2015, 25(6): 1713—1720.

XIE Shui-bo, CHEN Sheng, MA Hua-long, TANG
Zhen-ping, ZENG Tao-tao, LING Hui, WU Yu-qi. Influence
factors and stability of U(VI) removal by sulfate reducing
sludgel[J].
Nonferrous Metals, 2015, 25(6): 1713—1720.

S, WK, MO, R, £ R, x4, X
7K. DREALHR (4155 e o PR B AT A 0 7 11 28 B s il )
W BT O[], R EA (R SR, 2019, 29(2): 422-428.
PENG Guo-wen, PU Yi-qiu, XIAO Fang-zhu, YU Li-mei,
WANG Cheng, LIU Jie,

bacteria granular The Chinese Journal of

LIU Yong. Preparation of
functionalized calyx [4] arene symmetrical sulfide derivative
and its adsorption behavior uranium(VI)[J]. The Chinese
Journal of Nonferrous Metals, 2019, 29(2): 422—428.

O, BE, B, KU, K, FER, K
BE, VEZRBA, X 7K. HT AR [4105 e BERR R AT A2 M 45 B
FHA UNVDIE BB )]. o A (68 244, 2019,
29(3): 659-664.

WANG Cheng, PENG Guo-wen, XIAO Fang-zhu, YU
Li-mei, PU Yi-qiu, XU Yu-li, ZHANG Kang, XU Dong-yang,
LIU Yong. Synthesis of novel calyx [4] arene phosphate
derivative and its extraction performance for uranium(VI)[J].
The Chinese Journal of Nonferrous Metals, 2019, 29(3):
659-664

S, MO, THE, REE, M, ERs, A
H, 3, MR BT DI REAL IR G-PA-SBA-15 Xf
UVD W B ALEE[D]. A a8 223, 2015, 25(11):
3237-3244.

PENG Guo-wen, XIAO Fang-zhu, DING De-xin, ZHANG
Zhi-jun, HU Nan, WANG Xiao-liang, ZHOU Gui, HUANG
Hong, YANG Jin-ran. Adsorption mechanisms of uranium(VI)
from aqueous solution by G-PA-SBA-15[J]. The Chinese
Journal of Nonferrous Metals, 2015, 25(11): 3237-3244.
7T, RUHE, 2, EO#E, AR Dhae itk
A 8] 5 TS5 ST A R R B T 1R R B AT O S LB ).
R E AT (4 R 2R, 2016, 26(7): 1568—1575.

XIAO Fang-zhu, HE Shu-ya, PENG Guo-wen, TANG Yan,
DAI Yi-min. Adsorption behavior and mechanism of
uranium(Vl) on deinococcus radiodurans immobilized
functionalization magnetic carrier[J]. The Chinese Journal of
Nonferrous Metals, 2016, 26(7): 1568—1575.

K, BURSL, DURE, KRG B R, BRSO ek
TR FE 7K 5 G A 1R BIF S E R (7], A 58 A AL I
2016(11/12): 4-5.

LI Xue, E Er-dun, KUANG Yuan-yuan, ZHANG Wei, LI

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Chun, WU Xu-fang. Research progress of photocatalyst in
water pollution treatment[J]. Inner Mongolia Petrochemical
Technology, 2016(11/12): 4-5.

LW, RAOF, HKHE, FKE HTRERESEEM
BRG] SRR 1] ZRABHE TR (A AR R),
2017, 40(1): 88—-93.

JIANG Shu-juan, SONG Shao-qing, LU Chang-hai, LE
Zhang-gao. Photocatalysts for degrading heavy metal
chromium and uranium: A review[J]. Journal of East China
University of Technology, 2017, 40(1): 88—93.

CHEN Gong-de, FENG Ji, WANG Wen-shou, YIN Ya-dong,
LIU Hai-zhou. Photocatalytic removal of hexavalent
chromium by newly designed and highly reductive TiO,
nanocrystals[J]. Water Research, 2017, 108: 383—390.
SANEA P, CHAUDHARIA S, NEMADEA P, SONTAKKE
S. Photocatalytic reduction of chromium(VI) using combustion
synthesized TiOx[J].
Engineering, 2018(6): 68—73.

fkocH, Bro%, BROB, BRES, XU 90K Tio, b
MEAARAE A5 1 342 52 vh i N2 BT ek R (1], A3
A, 2015, 29(6): 49-54.

ZHANG Wen-tong, CHEN Chao, CHEN Chang-bing, LIU

Journal of Environmental Chemical

Xin-wei. Utilizing nano-TiO, as photocatalytic materials for
environment soil remediation[J]. Materials Review A, 2015,
29(6): 49-54.

LU C, ZHANG P, JIANG S, WU X, SONG S, ZHU M,
LOU Z, LI Z, LIU F, LIU Y, WANG Y, LE Z
Photocatalytic reduction elimination of UO,** pollutant
under visible light with metal-free sulfur doped g-Cs;N,4
photocatalyst[J]. Appl Catal B: Environ, 2017, 200:
378-385.

VANES N S, JORGE M M, MARTA I. Heterogeneous
photocatalytic remoral of U(VI) in the presence of formic
acid: U(IIl) ormation[J]. Chemical Engineering Journal,
2015, 270: 28-35.

WANG, ZHEN J, ZHOU L, WU F, DENG N. Adsorption
and photocatalytic reduction of U(VI) in aqueous TiO,
suspensions enhanced with sodium formate[J]. J Radioanal
Nucl Chem, 2015, 304: 579-585.

SALOMONE V N, MEICHTRY J M, ZAMPIERI G,
LITTER M I New insights in the heterogeneous
photocatalytic removal of U(VI) in aqueous solution in the
presence of 2-propanol[J]. Chem Eng J, 2015, 261: 27-35.

LI P, WANG J, LIANG J, WANG Y, HE B, PAN D, FAN Q,
WANG X. Photoconversion of U(VI) by TiO,: An efficient
strategy for seawater uranium extraction[J]. Chem Eng J,

2019, 365: 231-241.



2530 B 6 W

Z2/NHE, 5. CuO/BiFeOs 5 i 45 AL IE R I UV RE

1397

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

WANG Guang-hui, ZHENG lJie, ZHOU Li-min, WU Feng,
DENG Nan-sheng. Adsorption and hotocatalytic reduction of
U(VI) in aqueous TiO; suspensions enhanced with sodium
formate[J]. J Radioanal Nucl Chem, 2015, 304: 579—585.
LS, TR, MRS, & M, LA KRG G
AL E BT TiO, i) U(VDIIBFFE[0]. Pl E224R, 2016,
37(3): 283-288.

GUO Yan-dan, JIANG Hai-hong, PU Xian-zhong, GAO Bai,
MA Wen-jie. Low-temperature synthesis and photocatalytic
reduction of U(VI) of anatase TiO[J]. Journal of Ceramics,
2016, 37(3): 283-288.

LI Z J, HUANG Z W, GUO W L, WANG L, ZHENG L R,
CHAI Z F, SHI W Q. Enhanced photocatalytic removal of
uranium(VI) from aqueous solution by magnetic TiO»/Fe;04
and its graphene composite[J]. Environ Sci Technol, 2017,
51: 5666—5674.

SOARES O S G P, PEREIRA M F R, ORFAO J J M,
FARIA J L, SILVA C G. Photocatalytic nitrate reduction
over Pd-Cu/TiO;[J]. Chemical Engineering Journal, 2014,
251:123-130

LEl X F, XUE X X, YANG H. Preparation and
characterization of Ag-doped TiO, nanomaterials and their
photocatalytic reduction of Cr(VI) under visible light[J].
Applied Surface Science, 2014, 321: 396—403.

LEI X F, XUE X X, YANG H. Effect of calcination
temperature on the structure and visible-light photocatalytic
activities of (N, S and C) Co-doped TiO, nano-materials[J].
Appl Surf Sci, 2015, 332: 172-180.

LEI X F, CHEN C, LI X, XUE X.X, YANG H.
Characterization and hotocatalytic performance of La and C
Co-doped anatase TiO, for photocatalytic reduction of
Cr(VD)[J]. Separation and Purifification Technology, 2016,
161: 8-15.

HoowE BRERBG LRI G R B RO AL
fE[D]. MisH: HETHEAERE, 2015.

NIU Feng. Synthesis, modification and photocatalytic
performances of bismuth ferrite photocatalyst[D]. Hangzhou:
China Jiliang University, 2015.

CHEN Lang, HE lJie, LIU Ying, CHEN Peng, AU Chak-tong,
YIN Shuang-feng. Recent advances in bismuth-containing
photocatalysts with heterojunctions[J]. Chinese Journal of
Catalysis, 2016, 37: 780-791.

J A R B S G REAGR B f A R AT T
FDEHEILIERE[D]. EifE: HARITIERAE, 2017.

ZHOU Yan. Fabrication of highly efficient heterojunction
composite photocatalysts and their visible-light-driven

photocatalytic properties[D]. Shanghai: East China Normal

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

University, 2017.
TAO Ran, SHAO Chang-lu, LI Xing-hua, LI Xiao-wei, LIU
Shuai, YANG Shu, ZHAO Cheng-cheng, LIU Yi-chun.
Bi:MoOg/BiFeO; heterojunction nanofifibers: Enhanced
photocatalytic activity, charge separation mechanism and
magnetic separability[J]. Journal of Colloid and Interface
Science, 2018, 529: 404—414.

LIU Yi-ling, WU Jyh Ming. Synergistically catalytic
activities of BiFeOs/TiO, core-shell nanocomposites for
degradation  of organic dye molecule through
piezophototronic effect[J]. Nano Energy, 2019, 56: 74—81.
LIU Chang, MENG Fan-ling, ZHANG Lei, ZHANG
Dan-tong, WEI Shu-ting, QI Kun, FAN Jin-chang, ZHANG
Hai-yan, CUI

Xiao-qiang. CuO/ZnO heterojunction

nanoarrays for water
oxidation[J]. Applied Surface Science, 2019, 469: 276—282.

LI Wei, HE Shu-ao, SU Zi-ying. XU Wei, WANG

enhanced photoelectrochemical

Xue-chuan. A BiOCI-CuO photocatalyst based on p-n
heterojunction and its photocatalytic performance under
visible-light[J]. 2019, 470:
707-715.

PURUSOTTAM REDDY B, CHANDRA SEKHAR M,
POORNA PRAKASH B, SUH Y, HYUN P. Photocatalytic,

Applied Surface Science,

magnetic, and electrochemical properties of La doped
BiFeOs nanoparticles[J]. Ceramics International, 2018, (44):
19512-19521

SRINANDHINI S, PADMANABAN A, DHANASEKARAN
T, PRAVEEN KUMA G. GNANAMOORTHY, STEPHEN
A, NARAYANAN V. Synthesis, characterization and electro
catalytic of CuO-TiO,[J].
Proceedings, 2018(5): 8804—8807.
JEKK. CuO Il CuO/Ag WKL 2 S HOBfE A
AE[D]. Be: PHRIACIHE R, 2016.

FAN Qing-fei. Preparation of CuO and CuO/Ag nano

activity Materials Today:

materials and their photocatalytic property[D]. Chengdu:
South West Jiaotong University, 2016.

MARYAM K, SYED R, SYED I. Facile synthesis of a
BiFeOs/nitrogen-doped graphene nanocomposite system
with enhanced photocatalytic activity[J]. Journal of Physics
and Chemistry of Solids, 2018, 121: 8—16.

YIN Li, WANG Hong-bing, LI Lin, LI Hong, CHEN
De-liang, ZHANG Rui. Microwave-assisted preparation of
hierarchical CuO@rGO nanostructures and their enhanced
low-temperature  H,S-sensing performance[J]. Applied
Surface Science, 2019, 476: 107—114.

WANG Wen, XU Lin-hua, ZHANG Ruo-fan, XU Ji-lin,

XIAN Feng-lin, SU Jing, YANG Fan. Coexistence of



1398 o EA 4R AR 2020 4F 6 A

erromagnetism  and  paramagnetism in  ZnO/CuO Applied Surface Science, 2014, 321: 396—403.
nanocomposites[J]. Chemical Physics Letters, 2019, 721: [39] ZHU Ming-yu, CAI Ya-wen, LIU Shu-ya, FANG Ming,
57-61. TAN Xiao-li, LIU Xiao-yan, KONG Ming-guang, XU Wei,
[37] HEHLE, B, /R, FEPE, £ #k PEG flilhK# MEI Hui-yang, TASAWAR H. K,TigO;; hybridized
AR BiFeOs M & H OGN RE[I]. BRI ITYE K55 graphene oxide: Effective enhancement in photodegradation
W (BB ZERR), 2013, 41(2): 39-43. of RhB and photoreduction of U(VI)[J]. Environmental
XIAO Rui-juan, YANG Ruo-lin, BIAN Xiao-bin, ZHOU Pollution, 2019, 248: 448—455.
Jian-ping, WANG Zheng. PEG-assisted hydrothermal [40] £ #, &, BER. REARGE AR & K&
synthesis of BiFeO; powders and its photocatalytic HIGMALE R Cr(VD[T]. BRI 2E 4R, 2017, 37(7):
property[J]. Journal of Shanxi Normal University(Natural 2632-2641.
Science Edition), 2013, 41(2): 39-43. REN Xin, ZHOU Xin, ZHAO Xue-song. Preparation of
[38] LEI X F, XUE X X, YANG H. Preparation and titanium based graphene composites and their photo-catalytic
characterization of Ag-doped TiO, nanomaterials and their reduction of Cr(VI)[J]. Acta Scientiae Circumstantiae, 2017,
photocatalytic reduction of Cr(VI) under visible light[J]. 37(7): 2632-2641.

Photocatalytic reduction of U(VI) in aqueous solution by
CuO/BiFeQO; heterojunction under visible light irradiation

LI Xiao-yan', CHEN Chao?, LIU Yi-bao', LIU Chen', LI Xun', GUAN Fen-fen', XIAO Hui'

(1. State Key Laboratory of Nuclear Resources and Environment, East China University of Technology,
Nanchang 330013, China;
2. China Institute for Radiation Protection, Taiyuan 030006, China)

Abstract: CuO/BiFeO; heterojunction catalysts were prepared by wetness impregnation method and the structures,
morphologies and optical properties of the samples were characterized by SEM, XRD, XPS and UV-Vis. The
photocatalytic reduction of U(VI) in aqueous solution by CuO/BiFeO; heterojunction catalyst was investigated under
visible light irradiation at room temperature and analyzed the mechanism of photocatalytic reduction of U(VI). The
results show that the CuO particles are spherical and smooth in surface, they are monoclinic. BiFeO; particles are
irregular and agglomerated into layers, which are perovskite structure. CuO/BiFeO; containing 10% CuO exhibited the
lowest photoluminescence intensity and the maximum photocatalytic reduction of U(VI) than pure CuO and BiFeO; and
the removal rate of U(VI) reached above 96% after 100 min under visible-light irradiation. The improvement of
photocatalytic activity of the catalyst is mainly due to the p-n heterostructure formed on the interface of CuO and BiFeO;,
which effectively inhibits the recombination of photogene rated electronics and holes, enhances the transfer efficiency of
interfacial charge, and improves the photocatalytic efficiency. The removal rate of U(VI) is above 80% after four cycles,
which indicates that CuO/BiFeO; composite catalyst has an excellent photocatalytic stability.
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