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Abstract: The sunlight assisted peracetic acid (PAA) activation system shows a wide application prospect in the
treatment of antibiotic wastewater. As a conventional catalyst, Cu,0 has limited active sites on its surface, which
limits its catalytic efficiency in this system. To address this shortcoming, we manipulated the exposed facets of Cu,0
through crystal face engineering. We synthesized Cu,O with {100}, {111}, and co—exposed {100}+{111} facets, and
evaluated their performance in tetracycline (TC) degradation. Under simulated sunlight, Cu,0 with {100} + {111}
facets degraded 93.50% of TC within 40 min via solar assisted PAA activation, which was better than the single
{100} (78.25%) and {111} (84.79%) facets. The identification of active species proved the production of "OH, 'O,
and reactive complex Cu,0-PAA* and their contribution to TC degradation. The mechanism analysis shows that the
facet heterojunction composed of (100) and (111) facets accelerated the migration and separation of charges and

promoted the reduction of Cu( I ) oxidized on the Cu,0 surface to Cu( I ), thus achieving efficient PAA activation

W B 2025-05-24  fEEIEHA: 2025-09-03

BEEE: EMEH(1977—), 5 B 232, wangdj@agnu.edu.cn

FE—1EE: TEAME(1995—), 5 i+ il jinpeng.wang@aqnu.edu.cn

BEEWME: FHEKAKRR ARG (22472128); ZRUE WAL BHIFLHT 1 BA(2024AH010016)

SIRAZARS: VEAMS, 259 10, BT, TEREIE . Cu,0 dhifi /e H O R i fh i 4 2 MR A K bt A= 3R e g S LRI (). £k T2 3R, 2026, 77(2):
702-713

Citation: WANG Jinpeng, LI Qingshan, WU Xiaoyong, WANG Dejin. Degradation performance and mechanism of antibiotics in water by peracetic
acid activated by Cu,O facets under sunlight[J]. CIESC Journal, 2026, 77(2): 702~713

HER  https://www.cnki.net



Hh | &N

2

www.hgxb.com.cn - 703 -

under sunlight. This study provides a new idea for the application of Cu,O based catalyst in antibiotic wastewater

treatment.
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FI1 {100)(a) (111}(b)Lh K {100}+{111}(c)fh T Cu,0 Y SEM [ ; AS[R] & 7 Cu,0 19 XRD 1% Pl (d) LA B A5 AEAT SR DA X6 548 )
Fig.1 SEM images of Cu,0 with {100} (a), {111} (b), and {100}+{111} (c) facets; XRD patterns (d) of Cu,O with different facets and

relative intensity of characteristic diffraction peaks (e)

B2 T T Cu,0 FEFE TC YRR (a) FE) J1 274845 (b); {1003+ {111} T Cu,0 BIFEEFRERE(e); (100}+{1 11} AT Cu,0 FEREA [
15 QW) R () s A [F] A BT X {100} +{1 11} S THT Cu, 0 FA# TC A SEM(e) ; A [6] 4TI Cu,0 X 38 PRl 245 5K 1Y COD 23 BRRIA(F)
Fig.2 Efficiency (a) and kinetic fitting (b) of TC degraded by Cu,O with different facets; Cyclic performance of Cu,0 with {100}+{111}
facets (c); Degradation of different pollutants by Cu,0 with {100}+{111} facets (d); The effect of different water matrixes on TC
degradation by Cu,0 with {100}+{111}facets (e); COD removal performance of Cu,0 with different facets towards actual pharmaceutical

wastewater (f)
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(13 AN[R)HA K A4 22 B TC AR IR (a) LA S 301 772 (b) s 4 ZR Y DMPO—-"OH/R-0"(c)LA J TEMP-'0,(d)5 5 Kl
Fig.3 Influence of different quenchers on efficiency (a) and kinetics (b) of TC degradation in the system; DMPO-"OH/R-0" (c) and
TEMP-'0, (d) signals detection in the system
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P4 ST () ARG BB ()X TC AR B 52 5 4% 2% T 0T 8 L 8% ) LA B e P AT A AR 22 1 2 ()i

Fig.4 Effect of deuterium oxide (a) and atmosphere (b) on TC degradation; Open circuit potential (c) and linear sweep voltammetry

curves (d) detection in the system
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K5 ATl Z 5% TC AR AR (a); AR TH] AT Cu,0 1 Mott—Schottky 3 H1ZE(b) . BB 45 F4 &1 (c); AR ZR A TC 14 &, A8 L3R
(d); Cu,0 SBIHTJE B Cu 2p(e) (O 1s(0)FFERS LE 5 AN [a] i 1T Cu, O Y L BT 3 P (g) D EGHUA G (h) IR IR] - HL A e R 226
Fig.5 Degradation of TC by different systems (a); Mott—Schottky curves (b) and band structure diagram (c) of Cu,O with different

facets; Comparison of k,_values of TC degradation by different systems (d); Comparison of Cu 2p (e) and O 1s (f) patterns of Cu,0

before and after reaction; Electrical impedance spectra (g), photoexcitation spectra (h) and time—photocurrent response curves (i) of

Cu,O with different facets

40 min W FEAR T 76.04% 1 TC, AHELTF LR H AT
B A%, Cu,0 1 XF PAA B35 LRG0 2 ot 1 22 A 3
PEYIFP = A i A2 o AL, B S(d)%F LG T AS R 2
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2 k,, 1 (0.041 min™) /N F Cu,0/PAA/SSL {& £
(0.065 min™) o I, R4 Cu,0 F1H X PAA 1975 1k
S BRI R PR AR R AR (H R R OG  f B E—
AT T Cu,0 FRTXF PAA (3% ALSRE , B KA T T
Ti6 AR fift S o7 T

B T Cu,0 A3 1 %F PAA G AL AE 7 % TE B0 5%
Wi, P — 220 Hr T S TR T Cu,0 92 I i 5 PAA
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SR A% 4 (0,,,) ERAS A (0,) R K 3 T I B 4



Hh | &N

- 710 - ik T

¥ $ 7718

(0,0 AHET RN HI, SOV IS Y Cu,0 3R TH A0 Fh
SEEAE TR, Hrp, JgE S AR
ANAE(23.09%—24.81%) , %A 25 0 ) 7% 1 1 61.96%
T B 2 54.24% , 111 2% 187 U B 40000 e 14.95% b &
20.95%., LibZEREH,Cu,0 RMMWASNESE T
PAA TG LA K ™= A= TE P A A 2t 72
25 A, AN A Cu,0 2210 B9 Cu( 1 )FIE =S
fJe PAA JEAL B E B IEPEN . TR —B 4
4, S T T Cu,0 7E A 8L H 06 3% 16 PAA 77
HOHL'0, VL K 6 4% 5 1) Cu,0-PAA* 1 i 42 1] 4
AR < 1458, W AE Cu,0 ZR 10 PAA BTG PEH) Cu
(TR OH 'O, 82 U I S B Cu( 1) -
CH,C(0)0OH*[ (1)~ (3)], Hk , 1 HIEHEE T,
Cu,0 3R [ 1 460 25 0 W B 40 40 F JF 0% L6 fk R
0, [xX(4)]. [, a7 A B 7E H O T nl Lt
WALl 0,7 [2(S). FEJE , 0, 5K T R =410,
253 TCHEM(6)]. 7E FiR R B H
R Cu,0 7= A A FL =238 7O RU(T)]L B 0 B 1Y
FeA AR Cu,0 F T A AL Ca( I IR Cu( 1)
[=X(8)], AT S B = A2 1) PAA W& 1L
Cu( I )+ CH,C(O)OOH —> Cu(Il') + CH,COO™ + 'OH (1
Cu( I')+ CH,C(O)OOH —> Cu(Il') + CH,COO™ + 1/2‘02 (2
Cu( I )+ CH,C(0)OOH — Cu( I ) - CH,C(0)OOH* (3
0,+e —> 0, (4
(
(
(

0,—>0,” 5
20, +2H,0 —> 20H + H,0, + '0, 6

Cu,0 +hy —> Cu,0 +e +h" 7

Cu(Il)+e —> Cu(1) (8

233 A @mBAER‘ LS E L LRSS
BT, {100} + {111} it 10 2 /] 22 8% 19 Cu, 0 75 H O F sk
PAA B fi# TC 175 PEY Rl DA K= A2 i 12 B 2 W
SR, M T B — 19 {100} {111} % 1T 22 88 1 Cu,0,
{100}+{11 1} A fb % PAA 1935 1k L & TC [ figt B
A T M B A SCHILR i R BB s o AR TR R
S5 F2 7 AR T T S TR SR AR YA G
JCHSEAE R B 25 2S5 s v . BRLE, 4
71N/ [] 5 T[] 608 1R, % i %005 22 S, b AS ) i T
Cu,0 M HL AR PR T AT T 3RAE . 7R BHAT (EIS) )
T, {100} +{11 1) 2 A7 S /N IR DR 5(g)], 28 WL
S TET PR AT A A B B AR AR i e A i BH D AN
A FIT PAA I FL T #0546 OH L0, , i A F) T
TEPEZE Y Cu,0-PAA*E T HYH TR ™ i
A, BN S T LA A% i BEL ) A R O AR FL -
JR B T AR G Bl 1) PAA TR AL . Sk B

)
)
)
)
)
)
)
)

https://www.cnki.net

O, R TR TR T Cu,0 R % 308 KOk S
(PL). W& 5(h)FTR , (100}+{111} 5 G 8 BEAR T
{100} FN{111}, BEPR A HEA BARA A 250X
SRR, I Ah {1003+ {1 T1E G IR /Y F 3 v
IO 5 T {100} FI{111}[ & 5()]. (100) & I 5 (111) 8
T 0] AN ) ) 2 ik L 38 2 T 2L 1l T S R 485, B TR
[ F) R A 22 M, H O BRI i R 1 e A F -8 X
FE(100) 80 115 (11 1) 5 1422 ol Ak 49 B 4 dtb 43 25, AT
A {100} +{1 11 R A & T B LA 0 B RICR A T 3 —
AI(100)Fh AT S (11 1)E T 7325 A AE TRl S 2
5 R Ca( IN)AgIE i, DT 52 B0 5 20 H AR 2219 PAA
T AL TC B SN o PRI, 58 /0N ) | o A% B BEL T
B OCA: =25 O B PR e DL R DA 3
T 2 {100} +{ 111} i 17 H: 5% 7% Cu,0 76 PAA 1%
AP AR T {100} AT 111} 5 AT Cu,0 A N TEJF A .

24 TCHBRERSIMHTME

SR A3 AT TC A A A S A2, L v SO €6 3% — T i
Bk 1] (UPLC-MS) $ A I 7 4 0 {100} + {111} /& T
Cu,0 FEFEHLL H G F 15 1k PAA B M TC (v a] 7= 4
A 22 RS 2 U AR S B AT B 43 1 R m/e=
432 . m/z=415 . m/z=387 . m/z=374 . m/z=352 . m/z=318 .
m/z=296 . m/z=256 . m/z=119, HL 5 k6 I 2] i) J fie =
Yy, HEW TC e 1R R b ) i A W 1B 6 TS

58, TC AT 45 b v i e 2 3 i WU J e S s
25 T8 1 m/z=415 By a7 4™ BTG m/z=415 K&
A TR O B 3 Rk DA B S B B g, T v [ 7
m/z=374. TEH— L8 AR, ma=374 B F5 5
JEAF bt 5 20 SO JE B )7 1) m/z=352. B
m/z=352 25 ¥4 i B L RO S 8 i b (8] 7= )
m/z=318"", m/z=318 &[] — Z | L W 3k | Lok SL |
C=C BUEEEF T 8 38 5 DL R TF 30 R R, I8 B v ] 7
Yim/z=119, &%, Bk PE ™Y 04716 H,0.
CO,LA A NH,

EigrhE Y R BTN, vl T ECOSAR 2.2
FEFIFE B 1 T m/z=432 .m/z=415 .m/
2=318 .m/z=296 .m/z=256 L}z m/z=119 75 [a] =4
PO N e DN ES ST 2 P T e S Rl (61 s
Ykt = FoKAE R St 8T T o o R B
(<1 mg/l) A (1~10 mg/L) . A F (10~100 mg/L.)
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B 6 TCTESSL/Cu,0/PAA 1 Z Y I BR AR
Fig.6 Degradation pathway of TC in SSL/Cu,0/PAA system

7 TC FEAE =45t 1 (a) 28 (b) LA S % i (o) A BE Rk B4R ; AL B AT JG FY TC IR KT E. coli WA KR EZ I X He(d)
Fig.7 Theoretical toxicity assessment of TC degradation products towards fish (a), daphnid (b), and green algae (c); Comparison of the

erowth rate of E. coli affected by TC wastewater before and after treatment (d)
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