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i — B AR (PMS) R A H0, i — R A4k, R PMS fe . Jr g e A7, FLAEXT
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1.1 XTS5

SEEIRH] . 1B R AU (KHSO,-0.5KHS0,-0.5K,80, . PMS) 3 F ff i1 T Tolk A & 5 KA il
iz 8 (Bi(NO,),"5H,0). Wl (CH,0). — /K& &AL (CuCly2H,0), AT M (CH,,0). A2 (HNO,).
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Al S E K A

SR AL . BT RO (AX224ZH, B AR (M) AR W) 54T W 66 i (UV-
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1100C-S, 8 D& v % 25 BLAR A BRI FE) ;. #E 1 I FALE 1 28 (MS-H-Pro+, K 2401 52 5 {4 2% (b
5O A BRATE); 5% pH it (ST3100, BLZEHTALER (F M) A PR AR o #AE I 5 X T 1846 (WGL-
458, R TR A PR 7])s BB O AL (TQI6-WS, KM E LA A PR R AT
(CEL-HXUV300, bt b # 4 AV A R Al ); 8875 3 UE 4% (KQ-500E, Bl 7 i /5 A & A PR A
Al X AT I (X' Pert PRO-MPD), i 22 AN BL A 7] ); 2840 w] UL 18 i 3 635 {X (Lambda 750 S,
2% [# PerkinElmer 2y 7 ); X 41 £k J6 B F g 315 1 (ESCALAB 250 Xi, 3% [® Thermo Fisher Scinentific 7%
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KT 4L 2>420 nm). 7F—E BB ] (R] B P, BREL 3 mL B BE S, I 76 AR A Hoim A VR KR R i (MeOH)
DITHBR B EE . BTk, XPRESHEAT B0 RBRMEAL N . SR)E, RS AR-nT WA 6OR AT 48 TC-HCI
(A REAE IR IS8 1 357 im A I A IR B, O 16T 3BT TC-HCL 1 B2 A8 b . TC-HCI % R 14 1% fit
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eV Ab WL ZE 5] 2 AN X A i A4 0 3 531 K Y Cu2p,,, A1 Culp,,, DA K Cu ML T2 v ad BE AR 8O, 7
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g a] 3 E P T2 A #E R Cu2p,, F Cu2p,,,
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Fig. 2 XPS spectra of catalysts
(OB RN . 7E I 2d) T, BisOy 75 49 HE Ols 151 7 530.21 eV 1 531.78 eV 4b i1 Xt i F Bi,O,
A 48 (Bi—O—Bi) AR 4 (Bi——0—H), Ifii CuO/Bi,0; & & L7 i) Ols 1% K1 7E 530.14, 530.79
HI531.89 eV abdp Ty 3 43U, 1F 530.79 eV HBLEHTIEIA)E T CuO BRI (0—Cw)P™; )7 O—Cu

Wefi i B, AIRERE T Cu'ffT s, Dl bixsess

YIS Mo Hh B 3(a) BT, Bi,0, & H
WEZMBEHR, KENPILwm, HEEAH
1 um, 3X— 24555 2 5 5% A 4 6 A Al oy
2 9T il 1 Bi,O5dE & AH LM, H & 3(b) 1T
UL, CuO/BLOy & & Mt Ab 50 J2& i 7 2 94 K POk
2R O, L RO ) e TE RN KRS, TC AR
YK R AR K AR -, X R CuO B35
KB ATEBLOy I

4) BHh-A] W8 RS S AniEl 4 R,

RIGFRD], CuO EMINE A BIELF .

(a) Bi,O, (b) CuO/Bi,0,

& 3 Bi,0, # CuO/Bi,0, £ & 114 FESEM [E|
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Fig. 7 TC-HCI degradation rate constants for different systems
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Fig. 9 Effects of catalyst dosage on the degradation of TC-HCl
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A4 pH My 12 B, FEMERTRET 40%, X — B0l LIERA- Ml , sl tE &R, =4EmS0; H
Hy 35 % 5 1k R -OHGEE (@) F12X (5)), X AF T TC-HCI [ R, Ry -OH(L1 ps) 1Y 7 fiv H SO, (10~30
ps) G200, A, 4 A e Ak R Y 2 T P A7 AR T R TR L AT (pH,,.) AT pH. HT I 12
A1, CuO/Bi0, ) pH,,=4.6, 4 pH<4.6 i, CuO/Bi,0, HKAIFREH EHLAT, pH>4.6 i, CuO/Bi,0,
YKL Y T A AR 2 pH>10 B, PMS R ZE LSO AA7ERY, Ui Ak 77 26 i A SO AR J&
ik, CuO/Bi,0, 7t pH=12 B} 1Y 45 Ak 58 1Y wT LLER 43 i B Sy i i o i R R . i HL, AH FE AR Y
pH B, Cu™ M th L Fr s in . ARHE DL B SCIR b S, S T S04/ i B, e B A8 9y pH.

47 10 -
5 L -
Y B e
-2 > ST
2 kT -15+ S
& £
5 N 20
S L
25+
-\- =30 ;‘6
0 1 1 1 1 J _35 1 1 1 1 J
4 6 8 10 12 2 4 6 8 10 12
pH pH
11 ZEAREpH £HT Cu’' BB H 12 #EA[E pH &4 T CuO/Bi,0, K F i Zeta B {iL
Fig. 11 Dissolution of Cu?’ at different pH Fig. 12 Zeta potential of CuO/Bi,0O; particle at different pH
SO; +H,0 — -OH+H" +SO;” 4)
SO; +OH™ — -OH +S0;” %)

Ah, AT 2R CuO/Bi,0,+VistPMS fiEfb A A ik RAEAM L kg, K AR5

EE S %iz@ﬁﬁiﬁﬁﬁ%ﬁiﬁa‘é? Bi,0, B A& HAhY) BT 2 A i AL 7 B il TC-HCLi#E 47 T Eedg, sk 1

Jis o G5 S X SERTE P A TC-HCI Y fi% 5 W i 13 2% A 0.035 4 min'(g-C,N,/Bi,0,), ZI-W:‘)%IKAz

i 34 Z 2N 0.039 9/ min (CuO/Bi,0,), I H AHFFE TC-HCI f#) 1 e & g-C,N,/Bi,O, 1Y 4 f5 . #id |
WXT HEE B, CuO/Bi,0,+Vis+PMS & R Xt TC-HCI E A7 1R 4 i i 5

F= 1 CuO/Bi,0, 5 H fib 4 1L £ TC-HCI AIEE 3
Table 1 Comparison of TC-HCI degradation between CuO/Bi,0, and other catalysts

AL WILAHRE/(mg L) P mm AL BRI R /min 22BbRR/% —2ah J12E 5 8Umin ' SR
Agl/B-Bi,0, 73 420  — 120 80 — [39]
BiOCI/Bi-Bi,0, 10 >0 — 150 97 0.0199 [40]
B-Bi,0,/(BiO),(OH),CO, 20 >420 160 89 0.013 5 [41]
g-C:N,/Bi,0, 10 >420 — 60 90 0.035 4 [42]

CuO/Bi,0, 40 >420 PMS 100 99 0.039 9 ARHF5R




53

THFFEE: CuO/Bi,O G LR i — i Bah A AL R ER R DU PR 3 905

2.6 fEfkthE PMS S UERE TC-HCI BH IE
o T2 R AR R B R TC-HCL 1Y)
RVHLEL, #E4TT A SR8 (B 13). 1
CuO/Bi,0;+VistPMS & 4 1 il A ¥ K | TBA
J&, TC-HCI &3 TRET 25%, iX3KW]-OH /&
8 TC-HCLBE ff i — DM A . 4 A
MeOH i}, TC-HCI iR ff R B T 32%, X%
1 SO, 7E TC-HCI i B fif b 2 E 2L TR MW b .
16 N, il AL AT, TC-HCI 1Y [ il R AR T 24
4%, R0, S5 T MR, AIEMTZ
W A3t 24/ A EDTA-2Na i}, TC-HCI F) [ it
RN T 85%, X &M T h'iY ik % 1k 58 71 fr
H., PSR EM, 7 TC-HCL ) % fiF i 72
o, FEEWTEHEY R N -OH. SOl h™,
CuO/Bi,0, & A i fL. 71 Al TC-HCI % ¥ 5 ¢
B 30 min J5 15 B0 B AT, H2 3 In AJEH PMS
HEAT M AL B A R T B R B R A 24
7%, It LA W W B I 3 A R AR
Ht, 2T RS Mmie, EdobEiemms
9 A A I FE R R TC-HCI B4 Ak B3 R WL (14
14), B, 73 CuO 5, Bi,O, ML F
BT DO R B A, A R R R A R
F CuO EW, Wk FHE L Co' 5 Cu' il
WIHFE, M EE K Bi,O, BUM 457 FF i, L
T A A R A A CuO/BL,0,
B2 AR TR Al U RS R o R, A
PMS J5, PMS kA F =4S, , i —
il T O E A (R (60~ (8)); CuO/Bi,0,

1%

J MeOH

TBA EDTA-2Na N,
I
1 SIS R TC-HCI R IE e 940 mg « L-1, A4k
BAnE02 g - L', PMSUEEL0 mmol - L1, I Bt 7]
30 min, A] JLYGHEET 100 min,

13 REIFERFIXT TC-HCI B 7 B 521
Fig. 13 ~Effect of different radical scavengers on the
degradation of TC-HCl

SO, -

4
?
®

E 14 CuO/Bi,0,+Vis+PMS {4 Z &% TC-HCI Y
A BEHLIE
Fig. 14 Possible mechanism for TC-HCI degradation by
the CuO/Bi,0,+Vis+PMS system

52 A AL G Cu BB BT PMS £E LSO, AT SOS, Cu*™5 Cu'®y o T 5% 8% n] LUff Cu 7§ 3 ) I (X
9) F1 2 (10)), S WA JE B AL R XPS 2k F Ca2p M Hr L ERIE T 3X — i . E R4

SO;. -OH FILh s ML Ff HA AR 56 1) S AL PR BE

AE A P 2 AL P A TC-HCIK (11))0

Bi,O;+hv - e  +h* (6)
HSO; +¢~ — SO, +OH" (7)
HSO; +h* — SO; +H* 6))
Cu** +HSO; — Cu* +SO; +H* )
Cu* +HSO; — Cu** +SO; +OH" (10)
SO; /-OH/h* + TC-HCl — =4 (11)

UEAh, FHLCMS 201 T TC-HCI gk (g rha) A, LA 5 Jeg bt 380 Mot 12 ' A A S A o fie 2o 2 A L
P 15(a). & 15(b) 4390 R B A AT G TC-HCL B RS R . R PG, BEE E AL Fl (SO, /-OH/M")



906 ok L B ¥ W LAARE

By 5= A, TC-HC1 43 1 FF B S B 1Ak 2 5 %) T 24 9% i 3K, % f#% 2] 100 min /5 TC-HCI 7& Ji ff e
m/z=445 Kb B JL-B I O, AR miz, B2 T 6 Fhul BE Ay A RIA , o om/z 4y Bk 431,400, 359,
305, 257. 274, P 16451 T 0] fE Y R A

100 100 257
445 305
80 | 80 +
% 60 .ﬁ( 60 +
) 359
= '
E 40t Z a0t
20} 20} 400 431
| 274 ‘ “
0 ! ! | | L y 0 Lol l | || | 44.5
300 350 400 450 500 550 200 250 300 350 400 450
miz miz
(a) FEfRT (b) F&f#100 min)5

&l 15 7E CuO/Bi,0,+Vis+PMS 1 Z th & f# TC-HC1 Bb R ig
Fig. 15 Mass spectra of TC-HCI degradation by CuO/Bi,0,+Vis+PMS system

SeseL Y Segeamiasey

) CH;
OH s !

miz=385 m/z=400

OH ]
SN

m/z=357 m/z=305 miz=274 miz=257

16 TC-HCl IR RRER 12
Fig. 16 Degradation pathway of TC-HCI

27 HUFINATESER MR

CuO/Bi,0, M FeE M ] B E PESCIG AN 17 frs . Al LR H, 4L 7] CuO/Bi,0, Zad 4 IAE IR
SEH, A B R SCR OB AR R AR, B 4 UG BR S50 B R SR AR IR 89.5%. BT LA,
CuO/Bi,O, A R &f MG FR 8 I PE AR e PERE 5 M 1 R BN 4 U I i R B ALK 104 i DR AR 7] B 2 300 3K



553 1] THSHE: CuO/BLOMEALRE A i — B S LR i 1 DU 36 2% 907
B A6 R0 A T 2K 1oy ? ? 7
3 Z5ig 80 - ?
D) fEREAL IR iR 02 gL', PMS ¥R JE ol
10 mmol' L™ WY FeAE 45 F T, £ it 100 min 7] I g
6 B 5, CuO/Bi,0,+VistPMS & % %t TC- af
HCI % fif 2235 5] 99.6%. X i1 CuO/Bi,0, H &
- 1Ly Y, N 20
BT I G4 IE 1 PMS Y fiE
2) CuO/Bi,0,+Vis {& & A kb Bi,0,+Vis & & 0
W % TC-HCI (30 % I T 10.7%, CuO/Bi, Oyt ‘ P !

PMS & % # [t Bi,0,+PMS K Z [ fit TC-HCI [
RORGIN T 11.7%. 7T UL, CuO By 22l 1
AL T /A X A, AU T R WOt

17 CuO/Bi,0; E& )% TC-HCI F& R MY A I SLIR

Fig. 17 Cyclic experiments of TC-HCI degradation by
CuO/Bi,0, composite

fEAL T E, M HEE T PMS,

3) Bi,0,+Vis+PMS & Z # [t Bi,0,+Vis 14 Z XF TC-HCL Y [ fi# %54 il T 64.7%, CuO/Bi,0,+Vis+

PMS A& Z A H CuO/Bi,05+Vis 14 Z X TC-HCI Y B fif Za 38 N T 73.5% . 3% vt B G A AL B R A — Bt iR
AT B R B S N T TC-HCI M B R 300%

2

=

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

4)h". SO, F1-OH Z[#f# TC-HCI 1y FE I I, HiZ&E & AR BA R iR v,

% X

IKES, B, WA E, &, PrAERE /KT ks R[] M1 T, 2020, 48(5): 30-33.

SRS E, B, WhEAR, S5 MRS BOR A PiA R ROK A IR R[], TR A6 T, 2020, 37(2): 1-3.

BN, T HRE, 9277, 45, g-CN/BLO A MR il g KOG LR AR TEREAIBIESE1]. 1 INAE T, 2019, 47(18): 37-39.
XN SKIE, PROTHE, 5. Ag,POL/BLO S BT 45 LA Y ] 4 SO HOGHE AL MERERIT ST [T]. YLIRRHE R4 4 (F 48R
i), 2019, 33(5): 89-96.

PENG D J, ZOU Z G, LONG F, et al. Solid state synthesis of nonstoichiometric Bi,WO,/B1,0, composites as visible-light
photocatalyst[J]. Ionics; 2016, 22(12): 2347-2353.

SAISON T, CHEMIN N, CHANEAC C, et al. Bi,0,, BiVO,, and Bi,WO,: Impact of surface properties on photocatalytic
activity under visible light[J]. Journal of Physical Chemistry C, 2011, 115(13): 5657-5666.

LIS J, HUS W, ZHANG J'L, et al. Facile synthesis of Fe,O, nanoparticles anchored on Bi,MoO, microflowers with improved
visible light photocatalytic activity[J]. Journal of Colloid and Interface Science, 2017, 497: 93-101.

SHANL W, WANG G L, LIU L Z, et al. Band alignment and enhanced photocatalytic activation for alpha-Bi,0,/BiOCI(001)
core-shell heterojunction[J]. Journal of Molecular Catalysis A: Chemical, 2015, 406: 145-151.

TANG X D, WANG Z R, WU N, et al. A novel visible-light-active beta-Bi,0,/BiOBr heterojunction photocatalyst with
remarkably enhanced photocatalytic activity[J]. Catalysis Communications, 2019, 119: 119-123.

HE R A, CHENG K Y, WEI Z Y, et al. Room-temperature in situ fabrication and enhanced photocatalytic activity of direct
Z-scheme BiOl/g-C;N, photocatalyst[J]. Applied Surface Science, 2019, 465: 964-972.

LUY, XULJ, LIU CL, et al. Synthesis and photocatalytic activity of composite magnetic photocatalyst Mn,Zn,_ Fe,O,/alpha-

Bi,0;[J]. Materials Technology, 2019, 34(5): 301-311.


http://dx.doi.org/10.3969/j.issn.1001-9677.2020.05.016
http://dx.doi.org/10.3969/j.issn.1001-9677.2019.18.017
http://dx.doi.org/10.1007/s11581-016-1762-6
http://dx.doi.org/10.1021/jp109134z
http://dx.doi.org/10.1016/j.jcis.2017.02.069
http://dx.doi.org/10.1016/j.molcata.2015.05.024
http://dx.doi.org/10.1016/j.catcom.2018.10.025
http://dx.doi.org/10.1016/j.apsusc.2018.09.217
http://dx.doi.org/10.1080/10667857.2018.1554229
http://dx.doi.org/10.3969/j.issn.1001-9677.2020.05.016
http://dx.doi.org/10.3969/j.issn.1001-9677.2019.18.017
http://dx.doi.org/10.1007/s11581-016-1762-6
http://dx.doi.org/10.1021/jp109134z
http://dx.doi.org/10.1016/j.jcis.2017.02.069
http://dx.doi.org/10.1016/j.molcata.2015.05.024
http://dx.doi.org/10.1016/j.catcom.2018.10.025
http://dx.doi.org/10.1016/j.apsusc.2018.09.217
http://dx.doi.org/10.1080/10667857.2018.1554229

908 ok L B ¥ W 5%

[12] HU J L, LI H M, HUANG C J, et al. Enhanced photocatalytic activity of Bi,O, under visible light irradiation by Cu(1l)
clusters modification[J]. Applied Catalysis B: Environmental, 2013, 142: 598-603.

[13] XUE S S, HE H B, FAN Q Z, et al. La/Ce-codoped Bi,0, composite photocatalysts with high photocatalytic performance in
removal of high concentration dye[J]. Journal of Environmental Sciences-China, 2017, 60: 70-77.

[14] KONG J J, XIAN F L, WANG Y Q, et al. Boosting interfacial interaction in hierarchical core-shell nanostructure for highly
effective visible photocatalytic performance[J]. Journal of Physical Chemistry C, 2018, 122(11)::6137-6143.

[15] ZHANG L P, WANG G H, XIONG Z Z, et al. Fabrication of flower-like direct Z-scheme beta-Bi,O,/g-C,N, photocatalyst
with enhanced visible light photoactivity for rhodamine B degradation[J]. Applied Surface Science, 2018, 436: 162-171.

[16] HE R A, ZHOU J Q, FU H Q, et al. Room-temperature in situ fabrication of Bi,0,/g-C;N, direct Z-scheme photocatalyst with
enhanced photocatalytic activity[J]. Applied Surface Science, 2018, 430: 273-282.

(17] E5%, HIET, RAA, 45 PORERIR ARG A — B ER A R R IR D). 375 5L S B iR, 2019, 41(3): 334-338.

[18] CHEN X, ZHOU J B, ZHANG T L, et al. Enhanced degradation of tetracycline hydrochloride using photocatalysis and sulfate
radical-based oxidation processes by Co/BiVO, composites[J]. Journal of Water Process Engineering, 2019, 32: 1-8.

[19] WANG Y B, CAO D, ZHAO X. Heterogeneous degradation of refractory pollutants by peroxymonosulfate activated by CoO -
doped ordered mesoporous carbon[J]. Chemical Engineering Journal, 2017,328: 1112-1121.

[20] SHAO H X, ZHAO X, WANG Y B, et al. Synergetic-activation of peroxymonosulfate by Co,O, modified g-C;N, for enhanced
degradation of diclofenac sodium under visible light irradiation[J]. Applied Catalysis B: Environmental, 2017, 218: 810-818.

[21] LT W, LI Y X, ZHANG D Y, et al. CuO-Co,0,@CeO, as a heterogeneous catalyst for efficient degradation of 2,4-
dichlorophenoxyacetic acid by peroxymonosulfate[J]. Journal of Hazardous Materials, 2020, 381: 121209.

[22] YANG ZY,DAIDJ, YAO Y Y, et al. Extremely enhanced generation of reactive oxygen species for oxidation of pollutants
from peroxymonosulfate induced by a supported copper oxide catalyst[J]. Chemical Engineering Journal, 2017, 322: 546-555.

[23] L1J, YE P, FANG J, et al. Peroxymonosulfate activation and pollutants degradation over highly dispersed CuO in manganese
oxide octahedral molecular sieve[J]. Applied Surface Science, 2017, 422: 754-762.

[24] FARSHID G, NEMATOLLAH J. Graphite-supported CuO catalyst for heterogeneous peroxymonosulfate activation to oxidize
direct orange 26: The effect of influential parameters[J]. Research on Chemical Intermediates, 2017, 43(8): 4623-4637.

[25] FUE, EE&R, FNEH, 55 KT Fe® /Cu® AR B AL H,O, R i BRI IE[I]. AR A7, 2016, 39(5): 38-40.

[26] DING Y B, PAN C, PENG X Q, et al. Deep mineralization of bisphenol A by catalytic peroxymonosulfate activation with
nano CuO/Fe;0, with strong Cu-Fe interaction[J]. Chemical Engineering Journal, 2020, 384: 2-15.

[27] WANG Q, WU X Q, ZHANG L. Designed of bifunctional Z-scheme CuSnO;@Cu,0 heterojunctions film for
photoelectrochemical catalytic reduction and ultrasensitive sensing nitrobenzene[J]. Chemical Engineering Journal, 2019, 361:
398-407.

[28]1 YU J J, KIWI J, WANG T H, et al. Evidence for a dual mechanism in the TiO,/Cu,O photocatalyst during the degradation of
sulfamethazine under solar or visible light: Critical issues[J]. Journal of Photochemistry and Photobiology A: Chemistry, 2019,
375:270-279.

[29] LIU W, ZHOU J B, ZHOU 1J. Facile fabrication of multi-walled carbon nanotubes (MWCNTs)/alpha-Bi,O; nanosheets
composite with enhanced photocatalytic activity for doxycycline degradation under visible light irradiation[J]. Journal of

Materials Science, 2019, 54(4): 3294-3308.


http://dx.doi.org/10.1016/j.jes.2016.09.022
http://dx.doi.org/10.1021/acs.jpcc.8b00040
http://dx.doi.org/10.1016/j.apsusc.2017.11.280
http://dx.doi.org/10.1016/j.apsusc.2017.07.191
http://dx.doi.org/10.1016/j.cej.2017.07.042
http://dx.doi.org/10.1016/j.apcatb.2017.07.016
http://dx.doi.org/10.1016/j.jhazmat.2019.121209
http://dx.doi.org/10.1016/j.cej.2017.04.018
http://dx.doi.org/10.1016/j.apsusc.2017.06.118
http://dx.doi.org/10.1007/s11164-017-2901-z
http://dx.doi.org/10.3969/j.issn.1000-8098.2016.05.013
http://dx.doi.org/10.1016/j.cej.2018.12.079
http://dx.doi.org/10.1016/j.jphotochem.2019.02.033
http://dx.doi.org/10.1007/s10853-018-3090-x
http://dx.doi.org/10.1007/s10853-018-3090-x
http://dx.doi.org/10.1016/j.jes.2016.09.022
http://dx.doi.org/10.1021/acs.jpcc.8b00040
http://dx.doi.org/10.1016/j.apsusc.2017.11.280
http://dx.doi.org/10.1016/j.apsusc.2017.07.191
http://dx.doi.org/10.1016/j.cej.2017.07.042
http://dx.doi.org/10.1016/j.apcatb.2017.07.016
http://dx.doi.org/10.1016/j.jhazmat.2019.121209
http://dx.doi.org/10.1016/j.cej.2017.04.018
http://dx.doi.org/10.1016/j.apsusc.2017.06.118
http://dx.doi.org/10.1007/s11164-017-2901-z
http://dx.doi.org/10.3969/j.issn.1000-8098.2016.05.013
http://dx.doi.org/10.1016/j.cej.2018.12.079
http://dx.doi.org/10.1016/j.jphotochem.2019.02.033
http://dx.doi.org/10.1007/s10853-018-3090-x
http://dx.doi.org/10.1007/s10853-018-3090-x

%3 THEFIE : CuO/Bi,O LA T —BRFR R AL A LR R U 31 3% 909

[30] REDDY K H, PARIDA K, SATAPATHY P K. CuO/PbTiO;: A new-fangled p-n junction designed for the efficient absorption
of visible light with augmented interfacial charge transfer, photoelectrochemical and photocatalytic activities[J]. Journal of
Materials Chemistry A, 2017, 5(38): 20359-20373.

[31] OH J T, CHOWDHURY S R, LEE T I, et al. Synergetic influence of Au/Cu,O core-shells nanoparticle on optical, photo-
electrochemical, and catalytic activities of Au/Cu,0/TiO, nanocomposite[J]. Dyes and Pigments, 2019, 160: 936-943.

[32] YUE Y M, ZHANG P X, WANG W, et al. Enhanced dark adsorption and visible-light-driven photocatalytic properties of
narrower-band-gap Cu,S decorated Cu,O nanocomposites for efficient removal of organic pollutants[J]. Journal of Hazardous
Materials, 2019, 384: 121302.

[33] PUANGPETCH T, SOMMAKETTARIN P, CHAVADE 8, et al. Hydrogen production from water splitting over Eosin Y-
sensitized mesoporous-assembled perovskite titanate nanocrystal photocatalysts under visible light irradiation[J]. International
Journal of Hydrogen Energy, 2010, 35(22): 12428-12442.

[34] SHIY Y, LUO L J, ZHANG Y F, et al. Synthesis and characterization of porous platelet-shaped alpha-Bi,O, with enhanced
photocatalytic activity for 17 alpha-thynylestradiol[J]. Journal of Materials Science, 2018, 53(2): 1049-1064.

(351 SKHAM, 2=, 32 4%, 45, BRIRGR AN K BRAG Wi A1 82 A0 S AL BRO'C fiE AL TG (L0 —BRIR £k 25 BR XU A[J]. PREE T2 27412, 2019,
13(1): 9-19.

[36] YANG J L, ZHU M S, DIONYSIOU D D. What-is the role-of light in persulfate-based advanced oxidation for water
treatment?[J]. Water Research, 2021, 189: 116627-116630.

[37] DENG J, YA C, GE Y J, et al. Activation of peroxymonosulfate by metal (Fe, Mn, Cu and Ni) doping ordered mesoporous
Co,0, for the degradation of enrofloxacin[J]. RSC Advances, 2018, 8(5): 2338-2349.

[38] HU L M, ZHANG G S, LIU M, et al. Enhanced degradation of bisphenol A (BPA) by peroxymonosulfate with Co,0,-Bi,0O,
catalyst activation: Effects of pH, inorganic anions, and water matrix[J]. Chemical Engineering Journal, 2018, 338: 300-310.

[39] ZHANG Z Y, JIANG D 1, XING C S, et al. Novel Agl-decorated beta-Bi,O, nanosheet heterostructured Z-scheme
photocatalysts for efficient degradation of organic pollutants with enhanced performance[J]. Dalton Transactions, 2015,
44(25): 11582-11591.

[40] WU K, QIN Z G, ZHANG X S, et al. Z-scheme BiOCI/Bi-Bi,0, heterojunction with oxygen vacancy for excellent degradation
performance of antibiotics and dyes[J]. Journal of Materials Science, 2020, 55(9): 4017-4029.

[41] JIA S C, FENG Y T, ZHAN.Q F, et al. The solvothermal synthesis of novel beta-Bi,0,/(BiO),(OH),COj; heterojunctions and
its photocatalytic activity[J]. Journal of Materials Science: Materials in Electronics, 2020, 31(5): 4050-4057.

[42] SHAO, B B, LIU Z F, ZENG G M, et al. Nitrogen-doped hollow mesoporous carbon spheres modified g-C,N,/Bi,0, direct
dual semiconductor photocatalytic system with enhanced antibiotics degradation under visible light[J]. ACS Sustainable
Chemistry & Engineering, 2018, 6(12): 16424-16436.

[43]'LI G H, DIMITRIJEVIC N M. CHEN L, et al Role of surface/interfacial Cu®" sites in the photocatalytic activity of coupled
CuO-TiO, nanocomposites[J]. Journal of Physical Chemistry C, 2008, 112(48): 19040-19044.

[44] HUANG H, MA C C, ZHU Z, et al. Insights into enhanced visible light photocatalytic activity of t-Se nanorods/BiOCl
ultrathin nanosheets 1D/2D heterojunctions[J]. Chemical Engineering Journal, 2018, 338: 218-229.

(FT A% % W )

Oxidative degradation of tetracycline hydrochloride by CuO/Bi,0,


http://dx.doi.org/10.1039/C7TA05206E
http://dx.doi.org/10.1039/C7TA05206E
http://dx.doi.org/10.1016/j.dyepig.2018.09.003
http://dx.doi.org/10.1016/j.ijhydene.2010.08.138
http://dx.doi.org/10.1016/j.ijhydene.2010.08.138
http://dx.doi.org/10.1007/s10853-017-1553-0
http://dx.doi.org/10.12030/j.cjee.201807189
http://dx.doi.org/10.1039/C7RA07841B
http://dx.doi.org/10.1016/j.cej.2018.01.016
http://dx.doi.org/10.1039/C5DT00298B
http://dx.doi.org/10.1007/s10853-019-04300-2
http://dx.doi.org/10.1007/s10854-020-02952-4
http://dx.doi.org/10.1021/jp8068392
http://dx.doi.org/10.1016/j.cej.2017.12.012
http://dx.doi.org/10.1039/C7TA05206E
http://dx.doi.org/10.1039/C7TA05206E
http://dx.doi.org/10.1016/j.dyepig.2018.09.003
http://dx.doi.org/10.1016/j.ijhydene.2010.08.138
http://dx.doi.org/10.1016/j.ijhydene.2010.08.138
http://dx.doi.org/10.1007/s10853-017-1553-0
http://dx.doi.org/10.12030/j.cjee.201807189
http://dx.doi.org/10.1039/C7RA07841B
http://dx.doi.org/10.1016/j.cej.2018.01.016
http://dx.doi.org/10.1039/C5DT00298B
http://dx.doi.org/10.1007/s10853-019-04300-2
http://dx.doi.org/10.1007/s10854-020-02952-4
http://dx.doi.org/10.1021/jp8068392
http://dx.doi.org/10.1016/j.cej.2017.12.012

910 ok L B ¥ W 5%

photocatalysis coupling with peroxymonosulfate
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Abstract In the study, the CuO/Bi,O, composite catalyst based on visible light response was synthesized by
co-precipitation-impregnating method, then its photocatalytic-activated peroxymonosulfate (PMS) and BPA
degradation were evaluated. The structure and morphology of the catalyst were analyzed by XRD, XPS,
FESEM, and UV-Vis DRS. The effects of the operational parameters including PMS concentration, catalyst
dosage, and pH on photocatalytic degradation of TC-HCI were investigated. The results showed that doping
CuO was beneficial to improve the visible light catalytic performance of Bi,0, and also enhance the activation
of PMS. Under the conditions such as the catalyst dosage of 0.2 'g-L™, 100 min visible light irradiation, PMS
concentration of 10 mmol-L™, the degradation rate of TC-HCI solution with initial concentration of 40 mg-L™
could reach 99.6% by the CuO/Bi,0; composite catalyst. The quenching experiments of free radicals
demonstrated that SO, and ‘OH were the main active species for catalytic degradation of TC-HCI. The cycle
experiments proved that the composite catalyst had good stability. The research can provide reference for
exploring the application of new heterogeneous catalysts in antibiotic wastewater treatment.

Keywords CuO/Bi,0, composite catalyst; photocatalysis; peroxymonosulfate; tetracycline hydrochloride
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