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Abstract

Visible light Fenton method, a new technology for solving water pollution, has attracted much at-
tention due to its advantages of high efficiency, good stability, easy operation, and visible light ab-
sorption. In this study, CuO/Cu20/Zn0 composites Fenton catalyst were prepared by anodic oxida-
tion method and hydrothermal method on the base of copper foam. The microstructure, composi-
tion and optical properties of the samples were systemically characterized by XRD, XPS, SEM, TEM
and UV-Vis measurements. The visible-light Fenton catalytic performance of the samples was eva-
luated by the degradation of Rhodamine B (RhB) under visible light. The research results indicate
that compared with the base CuO/Cu20 nanoarrays, the photocatalytic degradation performance
of Cu0/Cu20/Zn0 composites are improved. The degradation rate of 98% RhB solution was 0.18
min-1, which was 1.5 times of Cu0/Cu;0-60 nanoarray. After five cycles, the degradation rate of
RhB solution was 93% in 30 minutes. ZnO and CuO/Cu;0 nanoarrays formed heterojunction,
which improved the visible light absorption, inhibited the recombination efficiency of photogene-
rated electrons and holes, and effectively improved the catalytic degradation performance of visi-
ble light Fenton.
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CuO F Cu,O 1EN p BTk, B 58 EEAE, N 1.2eV A1 217 eV, vl WG MERELS, &8
FF AR HLIS Y1) [2] [3]. X1 H w7 F I CuO Al CuO AT 2 A A [4] [5], FEAEHE ik
R RERLOE, SRREB, A5G SEE SRR, T HOR LR P R T R RS v
ERTE B . Bk, Li [6]55 A LU Iy B ] 4 1 ORI Cu/Cu,O/CuO A48}, 120 min F&f# 1 80%(1)
RhB. Uthirakumar [7]4 A\ LLAR#E AR HI 45 T Cu/Cu,0/CuO A4k}, 120 min 4% T 93%f] RhB, EE 1
IPEMRREG 5 G, RhB BEMRZRAIA 89%. HURMEALF EIRZE 5 B, IR MELF, (HJE M TR
BUN, RS A NIG R 70 Hefh, R R AR BE TS

T2 RS2 B T R IR 46 1 77 325 PT LA 280 v P A B A PR R [8] [9] [10] [11]+ ZnO & —Ff B 7 B F
SRMRL, B TEREL N 3.37 eV, Wi T SR FEAL T K 2RI FE—AL S, B ERIE T DL E T,
ATREBKETFNSYE, EFRERER, BARSMEFIERE, Bk Zno HA MR KBRS, 6
g S AN AT RS, A RENEDCE R PR SRE S, R ERR TR, Bl K
AALEEH & T A KRN RIIRNE, I - B, B DURE DL %% . Men [12]% AR H
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K, DU R A A S AR, #1457 ZnOrGO E &4kl . Ba-Abbad [13]% A\ R H A I - Tk
£ 1P RSE 20 nm ¥ ZnO 44K kL . Anand [14]55 AR AL SA0TRUE I 8 T BRIZ 1) ZnO 9K A EL,
IR/ 50~100 nm. MHEEZ T, AKPGERAREE R BIER S BAMKHR. KPR AT Bl e
FIR N EATEM A, R HI4 CuO/ZnO 57 45 F I AR 7 72

AR SCLAR AR AR, K UCR A FEAR S AL AR #0467 CuO/Cu,0/Zn0 E &KL, XF ZnO gk
BRI A LB AT 78R, WFC T CuO/Cu0/Zn0 B AWM EHI SRS MRk 22 ARk, (RN 2 AT 78 7 A
[F] 7K #HF (8] 5 CuO/Cu,0/Zn0 &AM MO ZE5 K4 AT WSS Wi AL M RE RS2, FF 0B T FLAEAL B AR AL
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Figure 1. Schematic illustration for fabricating CuO/Cu,0/ZnO
composites
[ 1. CuO/Cu,0/Zn0 E &M RIHIHI & RIZE

2.1.1. CuO/Cu,0 HKEEFIF A% &

K FH BHBR A ) 46 CuO/Cu,0 GKFEFIA KL, 2 &AM N K w2 R (99.99%) #k BT AL 2
x 1 em?® Ko, ARUAE I 2 BE( T 4t) s 2B KIS BT 19 05, 1R IR, w5 44k H (99.99%) 1 A 4 »
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LA, B RS R Ra i A YR 4R e 1 F AT B AR B R B, S F B 2 10 mA/em?, R E N
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GUIKFEF R EL o
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RIBAE 0.02 mol/L Zn(CH,COO), ZFEE R H 20 s, fEAFHLRRT, EFHIPE 3~5 K. HXTEH
FEYICT S 3 AR 350°C AR TR K 30 min, FiEMAEIE =R, BEIKA ZnO YUK R
CuO/Cu,0 Gk FEFIATEL . 4R J5 15 LN 24 0.01 mol/L Zn(NO3),-6H,0 (43 #r48) A1 0.01 mol/L CgH1,N, (43
Mraf) KIE R R M O Rz, 152 95 CRKIRE T, KB 2~6 h )&, fPRMEAHNEEIR)S,
KBTS =R AE FHZE K . CRERE WS, TG, RBIPTESI# 1 CuO/Cu,0/Zn0 Ff fh. H13311)
CuO/Cu,0/Zn0 #f 4% 18 e R I [a] 4K VbR i 9 CuO/Cu,0/Zn0-2, CuO/Cu,0/Zn0O-4, CuO/Cu,0/Zn0-6.
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W, LA 500 r/min BFGERBETRE I BEEE, A3 A EOE A 420 nm 3% ThE 250 WU YGIEIEAT
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Figure 2. Schematic illustration of the setup for visible light Fenton catalytic
degradation experiment
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3. &R511i8
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3 24 CuO/Cu,0-60 YK FEFIMRIEA R /K FET (8] 3R A3 CuO/Cu,0/Zn0 H A KHK XRD 75+
B3, VENNTEE, # CuO/Cu,0-60 4K A4k K XRD K th 5+ Kb, 45 EoR, EMARE+, 43.1°.
50.4°F1 74.1° ¥ WG I AH B AT U8, 53 I0E RES7 7 i 224 (1) (111) . (200)41(220) && [fii (PDF# 04-0836), Ff
H7E 35.5°H1 38.7° %L H| 5 CuO/Cu,O-60 LN KA HE JEEAH [F] 1 5 AT S 5t P AR X AR AT A e, 4l
Xt F CuO BRhE A 1(002) A11(111) 4 1 (PDF#45-0937) . 7K# 2 h &, P2 T &) CuO/Cu,0-60 HIAT
STUEAL, 1E 29.6°. 42.3°F1 T35 MEEH] [ HTIIATHIIE, 23 AN BT CuO Al (110). (200)F1(311) A [
(PDF#05-0667) [15], Ff H. Cu,O fil [ 777 56 e I 25 18 5, 38 B =il v IR IR BE N I R A 3T Cu,0 2R ks
7E 61.5° MERIFTHIE, XFRT CuO Fph iy A (—113) 4 1 (PDF#45-0937), 7E 36.3°. 66.4°F1 68° M 5<%
T EAMTEE, 2RI ZnO SR RI(101). (200)F1(112) % T (PDF#36-1451), 2B /K # s N A K&
ZnO A [12]. /K# 4 h J5, CuO. Cu,O Fl ZnO [PIAT S0 5 5 [R) I 38 hn, - 3¢ B A Ak W R S AL B FE AN I
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Figure 3. XRD patterns of the CuO/Cu,0/ZnO composites prepared
with different hydrothermal times
B 3. FRIZK#ATEIHIF A CuO/Cu,0/Zn0 E&F 1A XRD Bl

NIRRT AEE R TR LA A, BRATIAF CuO/Cu,0/Zn0 BEFLHET T XPS 20, 14 4 itz 7K #k
4 h #1125 1¥] CuO/Cu,0/Zn0 A EHEE MK XPS BeIE A &s K, FrA#dEH LA C 1s I 284.6 eV HZH i
ITRSHE. & 4a Frznsg CuO/Cu,0/Zn0 E &k 4 3, RWIFES PAFELE Cu. Zn, O Al C JuHK[16]. W&
4b fii7, 932.5 eV H1933.9 eV IR Cu 2pg), IRHIEIE, 73 7%f B Cu,O Al CuO, 953.6 eV I} Cu
2P RFIENE, I H b 5 P AR BE I 6 N AR B ) = 06 [15]. & 4c iR, Zn 2P BEit EH 1022.3 eV Fll
1045.2 eV [ ANELLR, XL Zn 2pap F1 Zn 2py,, R Zn L Zn™ [ RAFE[17]. & 4d 77 O 1s REiG AT
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Figure 4. XPS patterns of the CuO/Cu,0/Zn0-4 samples: (a) survey pattern; (b) Cu 2P; (c) Zn 2P; (d) O 1s
[ 4. CuO/Cu,0/Zn0-4 A XPS BEiL: (a) £ikE; (b) Cu2P; (c)Zn2P; (d)O1s

N T TR RN (A% ZnO KR AE K IR, SRITRERAE K RINLER, AT RS ET T SEM W
M55 Hr. i 5a BroR, AR EEAK T HELEIN CuO/Cu0 9K . [ 5b R, KIM2 h
JFi» CuOICu,0 4K A EZH. YK T 41/ ZnO gkt anl 5c i, 7K#U 4 h J&, CuO/Cu,0
YK RIAEKN) ZnO 9K, FHEHAMEELE, (#15 CuO/Cu,0 9K Btk R I A IR BCIR . 4]
5d 127K # B 6 h & 1) CuO/Cu,0/Zn0 K E-EH1EL, CuO/Cu,0 44K Fr 31 ZnO GKBRIk e K, #idkE
(1 ZnO KA JLF-EL%E T CuO/Cu0 4K, I HMERH] CuO/Cu,0 9K Ji A — & i ZLIR Tk .

¥ 6 4 CuO/Cu,0/1Zn0 HA MR KEES A KHLE R ZE K, DL CuO/Cu,0 Yk EEAER, Bk,
Zn(CH5COO0), Z iR X ZnO, fE CuO/Cu,0 4K F KA i ZnO Fi1, BAFLL N R M (3), Bld,
ZnPHEREME S AR B Zn(OH),, OH it 2 4E [Zn(OH) > B &), B2 [Zn(OH))* & & s s s T
IYRAERR ZnO Gk kL, AL R RN R2) AR . PAE 7K #9:, WTE CuO/Cu,0 9K b 3 i AE ki 42
N, AT I ZnO 9K

Zn(CH,CO0), - Zn0 +CO, (3)

Zn(OH):” — ZnO+H,0 +20H" (4)
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Figure 5. SEM images of the CuO/Cu,0/ZnO composites prepared with different hydrothermal time: (a) CuO/Cu,0-60;
(b) CuO/Cu,0/Zn0-2; (c) CuO/Cu,0/Zn0O-4; (d) CuO/Cu,0/Zn0O-6
5. REIZK AT E R/ CuO/Cu,0/Zn0 E AR RIFERAI SEM BB F : (a) CuO/Cu,0-60; (b) CuO/Cu,0/Zn0-2;

(c) CuO/Cu,0/Zn0O-4; (d) CuO/Cu,O/Zn0O-6
lymml

CuO/Cu,0/Zn0
composites

Anodizing

Cu foam Cu0/Cu,0-60 Cu0/Cu,0-60NSAs

Figure 6. Schematic illustration for fabricating CuO/Cu,0/ZnO composite
6. CuO/Cu,0/Zn0 E &M RIEKHEREE

N T HEFL CuO/Cu,0/Zn0 AR ENEE Sl GRS B, FRATDOAE S HEAT T 84T W e B 04T
K] 7 NEEJER CuO/Cu,0-60 A KFEFI R4 RLFIA [F] 7K FA bt [A] il £ 1] CuO/Cu,0/Zn0 & A4 4 v] WL 535
R, HEE %1, CuO/Cu,0/Zn0O AR EIAT CuO/Cu,0-60 4K EEF AR EE 4R AT T 43 6 1 P A S 4
FHIE, 350 nm 7245 YGRStk Re 356 B N %, REBIK#AE R ZnO AT f5, CuO/Cu,0-60 K [ 41| A4k} Ik AHE
A, TR ZnO AL, CuO/Cu,0/Zn0 E &4 BHK AT WG IS M REAH L T F2 I CuO/Cu,0-60 44K
B F ARSI KRR 5, Hih CuO/Cu,0/Zn0-2 #1 CuO/Cu,0/Zn0O-4 7 400~800 nm ()] WG i 7 FE 7

X AT L B e AR -
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Figure 7. UV-vis absorption spectra of CuO/Cu,0-60 and CuO/Cu,0/ZnO
composites after different hydrothermal times

& 7. CuO/Cu,0-60 FNAS[E]7Kk # BT E)HI Y CuO/Cu,0/Zn0 B &+
BRSNS B E

3.2. CuO/Cu,0/Zn0O EA MR AT MYEIF i (Ui s ae

N T E— SR TS [F] 2K AR A 1) 4 9 CuO/Cu,0/Zn0 & & AHRE AT IO 2R WAL FA# RhB WAk BE,
FATIR T P IR SRS RN H0, A4 T, WO R 100 ml 20 mg/L RhB AL B A1 RE . 4]
8a Jy CuO/Cu20-60 ZH KB FIAA LRI A [F] 7K Fiiik [8] i) % (1) CuO/Cu,0/ZnO B A M RHER WOt R, Zrliifie 4k,
FHIREIF R RRZE . TSR, CuO/Cu,0/Zn0 B A MEHE H0, fAERIZM T, R4 1R RhB AR
30 min, ARA&IL RhB K B2 M Z6 B 2 N F%, RIDEI AT 8. |1 8a Haf LI, ZnO gikiE
&1 CuO/Cu,0-60 ZKFEF, nf LG v WG MERE, CuO/Cu,0-60 4 KFEFIA KL 30 min FEfREZ)
96%ft] RhB, 7K# N 2 h #1145 /) CuO/Cu,0/1Zn0-2 E & 44k} 25 min BIAJ F4#f#Z) 95%F¢) RhB, 4 h #4511
CuO/Cu,0/Zn0-4 &KL 25 min FEA#Z) 98%I RhB, /5 30 min 5, AHLI5 449 RhB J1F58 4 Bk .
CuO/Cu,0/Zn0-2 1 CuO/Cu,0/ZnO-4 #4 K} B Af 1 BEAH UL A AT B 2 PR L AT WG WSV REAHIT S8 . 28
MM 7K #4 6 h 4 il 1) CuO/Cu,0/ZNn0O-6 AR AT W' 55 4 A Fee figd 11 e B &2 B2, 30 min A %@ 1 70%1¥) RhB,
XA RN, BARMNEASN - AT W6 E AT LLA H, CuO/Cu,0/Zn0-6 FIRT WL i1 g 2 Fr sk i), (2
HSEM JESRE W, K ZnO 4K HEHEl CuO/Cu0 4k A, FHEBERE 4> CuO/Cu,0 9K Fr il %, B
531 CuO/Cu,O Z5ii g i HEAT, 50 T Hn] W25 B fiE fb PERE .

N TR A BT AS [FIRE R B A e, FRAT TR S AT T BB 71220 #T . 14] 8b Dy CuO/Cu,0 Zhk
BB RLRIAN [5] 7K #E [8] 1 £ 1) CuO/Cu,0/Zn0 & & #HRERT WL R AIZF M Ak B il RhB ¥R 1w I
LS 2t ih 2, 45 RN T AR MFES, In(CIC)A t ¥R XER, A5 Cud/Cu,0.
Cu0/Cu,0/Zn0-2. CuO/Cu,0/Zn0O-4. CuO/Cu,0/Zn0-6 [ [ N5l 112 H B ki~ Ko Kav Kq 93794 0.12
min . 0.15min"t. 0.18 min*. 0.04 min~!. CuO/Cu,0/Zn0-4 F-& RN 1158 $ls K, /& CuO/Cu,0
MR 1.5 5, 5Kl 8a AHENIE. i& 2 ZnO YK E1Mi CuO/Cu0 YK Fr AL M REIR A R R T RE 22 1)
CuO/Cu,0/Zn0 E &M EHHELT CuO/Cu,0 GHKFEFIA K AT WIS B A4 &r, 358 1 ] WG 25
KRB EE, 3-TF 7 2RI ERE: 2) CuO/Cu,0/Zn0 E & #HEHE CuO/Cu,0 H1 ZnO JF H i 55 45
MRl BRSNS A TR R E SRR, IRITRTTIERER, $Em T oS e .
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Figure 8. (a) Photocatalytic degradation rates of RhB under visible light irradiation for CuO/Cu,0/ZnO composites;
(b) Kinetic constants of the photocatalytic degradation of RhB for CuO/Cu,0/ZnO composites
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Figure 9. (a) Recyclability testing curve of the CuO/Cu,0/ZnO composites for RhB degradation when reused for 5
times; (b) The surface morphology of the CuO/Cu,0/ZnO composites after recyclability test for 5 times

9. (3) CuO/Cu,0/1Zn0 B &M RIEEMEIR 5 R AT WA IFIRPEME RhB JAKIERE; (b) CuO/Cu,0/Zn0 E&H R
EEBIFL 5 REH SEM 5T

N T #E B R CuO/Cu,0/Zn0 B AR rIIE R e FIRa et FRATXT CuO/Cu0/Zn0-4 &4kl
177 5 RESIEAEMA 100 ml 20 mg/L RhB 525G, 41| 9a 7R, CuO/Cu,0/Zn0-4 43t 5 AGFF L5
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