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FEIEHET Y S AR AR 192 BR AR /N T Rl WG A RE S A, 76 0] DG BRES RoRE 77 AE R AR F R
259, ANABE N E A Ak R 3R 1 4 R B T 0 UM TR PR R B m AL OR 1 T DL RN 4R 1,0, 77
Az E A3, RIS R AR, P, R HE S A L Fenton {4 2 A 5 Y W 1) [ A UL A
I ONIY-A 3 DA

Hi 4 CuFeO, S AH {4k 70 2 T 4 e K A AT AT 5% (i FA b ), HLE b BR DA . A%
Kb HAR2EPE R E Y AN, CuFeO, 2547 8 BE B B s, H VE M AL 7 7] IO il
AU, R JE K A A JE U R R A A DL YR R — i B AT DO N Y v R AT . AR, Sl
CuFeO, 7 5 #% = i R 1 e T BULBURL &) R, JC AL SCRBAR B XS HLIK (TOC) 1Y 2 B Rl
ANHARUSST S H = CuFeO, MG HEILERE , DFoT & 4 il 2 A8 W] 9 3 s T Ak Rl py ek, s
il AL 7R Y 2 A UL SRk B S SRR B B Y IR i B T A G AE SR, R M I ot i
(polyvinylpyrrolidone, PVP) H TIJC8E . e Pk . AT Az 40 B3 figp 1 AR 2 ) (57 BELRSON, 76 A Ak 3510 ek P T
W R . K PVP 5 CuFeO, B4, FIA PVP Al R WIS ARE B . R 7o
B 35 00 58S 6 SR T CuFeO, HEAT BT B8 I 35 4 v i A sl 20l

ABESE L PVPAE D SO R, 38 R R KPR A T R B R A FEFEAESMM
CuFeO,@PVP L] . 18 i ZFh FAE MR T CuFeO,@PVP LS . THOWLE# . 627 M RE FIOG H v
AESF . DL CuFeO,@PVP MMM . 41 R R BHML . Aol r AR A B . 1T D0 Sl S T8 A R DL AR b B
(OFX) YE N HARIS ey, My 7 S A G oL -Fenton (K & 5 ST T AR R T OFX B A fife 2R 1 2 )i 33
oy PO TR BN . R B . pH. A7 B A5 PR DR 3R e AU D R R AR AR Y R
TRIE T CuFeO,@PVP fEALFIFE G ZF AR 2 T Kk OFX M B EE € M s #8875 T CuFeO,@PVP G
Fenton {4 2 [ OFX A9 3= Z 06 M4 Bt L S OF X Y B i HLBE .

1 #MRl5E*%
11 R CuFeO, Hl &

KRR K AL G T CuFeO,@PVP LT o BRI 4.0 g 5 £ LI e i 7 T 30 mL 2% B 77K
Hi, 60 C N 1 i HE 20 min B PVPIEME S 4, e M E AW A o A i L (BEOR L
Cu:Fe=1:1) #E i Fr HL 3.62 g Cu(NOQ,),-3H,0 Fil 6.06 g Fe(NO,),-9H,0 & T HE#rh, h A 30 mL £ & T
K, FRT0EIIBEFE 10 min B5E LM, HERGOIRER . A 0.5 g KA, 4keiud i
FERTREM, DN AR FHAWEIAPVPEW T, ER T 15 min 558 B, FRHLSg
NaOH ¥ T 30 mL 22 & Tk, =i FRE I BEFE 10 min B2 i, FHAHNZSEEREMA
B WP, RIZIHHE 30 min 153 B E 2 RGN C . ¥ CIRZEMEEIA 100 mL (14 N ) Jf- 5
AR AT, AE 180 C NRRF 24 h, VA = RGH - WE A LR o A & 7 i 112
Ty pH &2 PR, i R PR TG K BN B =Y T 2RI R . TR Y
1670 °C F T 1~2 h 15 3] CuFeO,@PVP AL, 484 H .

1.2 EAFIENR R

D) b RN SR 450 . B8 . R T R AR AL =R RAE . @ 40 kV A1 30 mA 1) X
LA 58 61 (XRD, D8 ADVANCE, German) %} CuFeO,@PVP (1) I 45 ¥ #4743 1 o % JH 25 [ Thermo
Fisher Scientific % ] i) Nicolet IS10 {8 37 I 4% 46 2T #b (Fourier Transform Infrared, FT-IR) Y& % 1% X
CuFeO,@PVP ) B fig I 4 s ZE 47 M0 5 , $94 0 F 2 4 000~500 em™'s R #1412 3 4% (SEM,
JEOL-7500F, Japan) 135 5t B8, 7 i f0 8% (TEM, Tecnai G2 £20 s-twin) Xf i {57 BT S0 4 M) HEAT RAE . R
FH X 5266 T RETE A (XPS, ESCALAB 250, American) | 5 CuFeO,@PVP 1) 2 Il JC % 2H i S Ak 2 Ik
Ao R T ARSI (ESR, FA200) ¥ ilE CuFeO,@PVP % i %825 i A IE 1o
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2) AL A PR RB R AE o R 28 A1 AT L 5% 3% { (UV-Vis/DRS, Lambda 900, American) #£ 300~
800 nm PN I 2 Ak 70 A9 48 Z1 AT UL 18 ) 9615, 43 B CuFeO,@PVP B G IS PR BB RIS 4 SE B . LA Mg
Ko #1428 (1253.6 eV) VE W R TR, R X 5T 28 % L+ BE 3% {X (XPS, ESCALAB 250, American) il &
CuFeO,@PVP H 43t . 3 1 92 6615 (Hitachi F-4 600 1 Edinburgh FL-920) il & i Ak 5] £ K& 25 1
WEB YCBOR GRS, XA A A A 2R T 43 B RS AL BLHEAT T 43T
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1R Z AL (G P RE DEAT IR . DL Ag/AgCL NS e Ei e, 411 A A % ludle, A b 1 &
HL ITO B34 TAE M, 0.5 mol-L™" /Y Na,SO, ¥ ¥ i HLFAf W, 300 W (1 TAT A ] DL 6 VR I 22 S A4 >t
Hi, Fenton {4 2 114 H Ak 2 BELATC 3% BRI ' B S 197, 434t CuFeO,@PVP Y G i AL M fiE
1.3 CuFeO,@PVP 7EFHE FF A R TP OFX AYSCIE

LA 300W B AT R S AT WO, 43 31 >R HI 40 R Sk BB e B DR BB o A 0 s g g i AT
't HL S SRR R B A OFX 1S58 . OFX WIAR ¥R B2 10 mg:- L™, FL M ¥ 4 0.05 mol-L™' 11 Na,SO, ¥
W . FRHEL 0.04 g By CuFeO,@PVP Il A 100 mL OFX ¥ #ii H, 78 % i N #E S 58 £ 60 min, LA ik
CuFeO,@PVP 1k F1 OFX 2 [1] 14 15z R -ffe W P-4 o 1 s 22 38 H A P R0 FD B S B LR . 4T
U8, FEREfR R D RR S il PP o A — 2 R R] R BREUEE , R 0.45 pm AR U8, R S 4 AT
UL 436G EETTAE 293 nm U E OFX A MR O B 0 T H58 FL R e o X S N Jis s i e AT g o 85, fiff
FHERS A 25 B8 T /K 2 U8 DEAE AL R0 T 08 T 4b 3L, 75 S0 B J5 (1) CuFeO,@PVP, - $4 JE_F iR 25 B
R 4 W, 8 0 T R AR E M o il ol XRD 35 R R AT S AL R 04 d R 25 F i AT 3k
fiE o RHHF A BE IR I %42 (ESR, FA200) A8 AS [R] F fie 4 2 rh 16 Pk A el 3 A0 T2 W01 0 -
2 #HR512
2.1 CuFeO,@PVP 1L 5B R E

1) SRS STE S5 Mr o R XRD K6 52 T 44 CuFeO, F1 CuFeO,@PVP & A 18 AL 51 1
a5k, K 1) itw, 20 FESB7E 20 8 15.5°, 31.1°, 35.6°. 40.2°, 43.3°, 47.6°. 50.8°,
55.2°, 61.0°, 64.8°, 65.1°, 70.1°F172.7°4b LAY FEAEWE , 43 0 %) B F (003). (006), (101), (012),
(104). (015). (009), (107). (018), (110), (1010), (116) Fl (202) S i . 5AnvELE K PDF#75-2416 Fr
WS B HEAT HeXE, & BT AL A 10~75° 1 B KR 16 5 CuFeO, IR — —DCHD, A LT 4%
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Fig. 1 XRD patterns and FT-IR spectra of CuFeO,
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BIPLARR S SR, 622 nm AL AIHFAE I T T Cu—O LR 311 O—Cu—O BIA R FRIR S0 515
(¥ . CuFeO,@PVP & A CuFeO, [ JIr A7 F¢ fiE 0, H7E 2 924 nm #1 1 632 nm 1Y 5§ fiF W W] & 58 T
CuFeO,, 4rillHHE T RA Y F 50 C—H WP MR C=0 B e B WP I sh ", #F—LaEse T
CuFeO,@PVP & &AL 19 IE 1l

i1t SEM. TEM 2 F-Btik15 T CuFeO, Fil CuFeO,@PVP WY B4 MIEHIES . 5] 2(a) A 2(c)
LT 2l CuFeO, 22 AN B &7 S TR Z5 4 . AT UL, CuFeO, KLARTE 1~3 um, - H R HOEH HA
[Fi) R B ) SR 22 ) 7= A b e 7 4 A SRR T, s DA R 85 K ) AL R R XA 7 o i 1B 2(b) P
CuFeO,@PVP & & AL R R AR B /N, FRmTHLRE . HA KRS FLBRZS 0B 4 A B 2 3 43 8K
Hi Il 2(d) T I, CuFeO,@PVP 2 [ 45 19 7 76 % 4F i PVP IR 2 . JIESE PVP L £ 4 8] CuFeO, I,
It H A R0 H] CuFeO, BRI A | (R FE R/ BRI ME R, A fi Ah 70 5 T i ik . R L
T FURT B 2 A0 M A5

(c) CuFeO,TEM| (d) CuFeO,@PVPIHTEMIX|
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Fig.2 SEM and TEM images of CuFeO, and CuFeO,@PVP

2) R S5 HERE AT . it XPS H AR 317 T CuFeO, Al CuFeO,@PVP [ It F 41 i Fll 2 I
e HE3@) AT WL, CuFeO, Fll CuFeO,@PVP F#AE W (1) 4 & A ECE R A, ¥ & C. 0. Cu,
Fe 4 PG &, (HA MR E R SR C MRHIEWER] B A Frigsk, O, Cu. Fe XF I i FRAF IG5
PR W PVP BRI 5 A o AR B fof S A RL A, Cu A Fe A9 i iy A A 1 il 25 48025 057 (OVs) B9 AE B,
F2UE— R T EPR £ REHIE T CuFeO, Ml CuFeO,@PVP H & 25 (i I AELE . W&l 3(b) FF 7, 7E
2=2.003 &b ¥ I 2] OVs (1 4R 5 5 22, 1 CuFeO,@PVP Y 15 5 58 & B i K T CuFeO,. X % ¥
PVP 15| A (A5 A0 SR 1 D A= i T & 19 OVs,

FIFH ¥ 23 38 XPS Y1 HF 58 T 51 A OVs Hii J5 CuFeO, 2 i 1Y 3 A 25 A 23 F Ak 27 4R 25 19 A8 4k
Hi [¥] 4(a) Al A1, CuFeO,@PVP 1Y Fe2p & 43 HE F G h 45 G e 4 709.8 eV 1 723.3 eV U J&E T Fe’';
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Fig.3 XPS and EPR spectra of CuFeO, and CuFeO,@PVP
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Fig.4 Fe2p, Cu2p, Cls and Ols high-resolution XPS spectra of CuFeO, and CuFeO,@PVP

LEAHE N T11.8 eV Al 726 eV [IIEJR T Fe™*; 718.9eV Ml 732.5eV A DR IE, HIHJET Fe**. & 4(b)
A, 454G RE N 932.6 eV Hil 952.6 eV B JE T Cu™; 454 BEM 936.1 eV Fl1 956.1 eV Y I & T Cu®';
940, 943.5 f1 963.1 eV H DA, ¥ET Cu*'. EMRTEEMZE, CuFeO,@PVP i Fe2p Fil Cu2p %1
45 A REFEAR A T M A2 3, Cu'f & & i 83.6% 1 = 88.7%, Fe*'&r & 04 = 15%, XIHH T
OVs f£ CuFeO,@PVP KL B 8 FHF, AR I MASMNA 2 NETFRT, B PRHE8E)E
B0 R 2 AR E AL S DA ZERR i fr P A e Ah, R 4c) AT UL, A5G RN 529.9. 531.8 A1 533.0 eV
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51 5 J& T A& 4 (Olatt) . %25 i1 (OVs) I TH WK it 44 (Oads). #H Lt T 4fi#H CuFeO,, CuFeO,@PVP H:
OVs [ AH X & 1 B 25.4% 14 % 54.5%, #F—00ESE PVP A R FE CuFeO, R TH 5| A KB OVs, H
F 4(d) AT 1, 454 HEN 288.6 eV Fll 284.9 eV [ 43 | J& F C=0 # Al C—C 4 . 1MifFE CuFeO,@PVP
M Cls i, BT C=0 Ffll C—C #EM %, 7£285.6 eV AL H L 1 8%, AT HEVT A F CuFeO,@PVP
[ PVP IRJZM) C—N 8. FIRZ5 5K, PVP fEML R I K5 MR 2, {2 2k CuFeO, %
1K OVs AR, 144384 Fe* 1 Cu™ (i 38 J5 o Fe® il Cu®, #E 1A A+ H,0, i iE k.

3) Sl B FN e 45 84 50 A7 . SR I UV-Vis DRS W UG 55 T CuFeO, Fil CuFeO,@PVP Xif A] I,
FERARAE J1 o Al S(a) B, 2 AFE S AE 0] DL DX IR 2 3 B — i Wi B 1 4li Al CuFeO, 1Y
AL UL W i Y R S A AR 420~465 nm, T 7E U K KT 465 nm A9 L N LR . 5 Sl
CuFeO, #itt, CuFeO,@PVP WA WU 2 KA T 208, 16 BEAR KT 450 nm (1 ] DL 6 X 0 1k B
WG 5%, F B CuFeO,@PVPX] A] UL 56 B4l 45 58 1 W 35 15 5% o ML Ak, L T UV-Vis DRS £dli, MR
Kubelka-Munk 23 2, (&, (1)) fti i T CuFeO, il CuFeO,@PVP ()4 B fH o i1 T 13 89 (ahv)*~hv il & 7T
1, CuFeO, fil CuFeO,@PVP 1454 % B E, 43 5124 2.05 eV AL 1.81 eV, il B A8 7% B K UK HLF A
Hrify (VB) BKiE 2 37 (CB) Irig g B/, A s e i, R 25 1321, PVP 5| AT &
AR 0] 60 6 i 8 R4 /NAEHE SERE . S Ah, i XPS M i (& 6(a)) AT A1, CuFeO, Fil CuFeO,@PVP 1)
Hrals 7 53 1) 2 0.89 eV Fl 1.41 eV, MRS EE AT 56 B AT (L B — 201155 ) CuFeO, Al CuFeO,@PVP
) OB 53 SR —1.16 eV F1-0.67 eV, H 45 £ CuFeO,@PVP 1y 5 # 1El (E 6(b))-

(ahv)' =A(hv=E,) (1)
b o HBOGE; h RS & v IR, E, AT BRE A 4 NEEG n=1/2 802 535
Xof 7 ) iy i 76 2 e (R R I B R SR
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Fig. 5 UV vis DRS images and (ahv)*~hv curve maps of CuFeO, and CuFeO,@PVP
4) P CHERE S HT . FIFH PL OGTE M H far 55 8% 3l 1“7 £ BEDEAS T CuFeO,@PVP D4R HiL - Fll 25 XY
SRR, PLUG(HSRE 5782 G H0RMIE L, SHA0BRCRMUR I, 2 PLOGIE iRl T
Bof B 3% WY i Ak b ) d 2 0 T s R G R R &l 7(a) TR, 4liAH CuFeO, 7 320~500 nm 7
BRI W g, SRWITE S I DO AE R R G/ H . HILZ T, CuFeO,@PVP 1 EUR G i
Wl R . X R PVP 5| A R 7GR F A X E A, W0 T AR 0ot g
Ve HE— 25 8 i ] 2 398 6 st 5T T CuFeO, Fll CuFeO,@PVP Yok #3789 A . Unl&l 7(b)



422 ok L B ¥ W 175

—-0.67 eV

h* h* h* ht h*

+1.14 eV
WK /mm

(a) CuFeO,fICuFeO,@PVPHI7 i (b) CuFeO,@PVPIYTT REMIREH L4514
El 6 CuFeO, #1 CuFeOQ,@PVP B #5 it 1 7] AE U BE T 45 40
Fig. 6 Valence band XPS spectra (a) and the possible band structures of CuFeO, and CuFeO,@PVP
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Fig. 7 Photoluminescence (PL) spectra and time-resolved PL decay curves of CuFeO, and CuFeO,@PVP

iR, CuFeO,@PVP £ T m (9 F ¥+ v, LA Lg5REW, PVP Y5 AT DUE 6 A 28
LT 10 40 B R A R T A, XA R R v AR e R A TR

5) HLALSA AT R G R AAT o 382 f Ak BB I A B s 3, 12— 2B 5T CuFeO,@PVP
52 A MR B fT AL AN B . LA SABE BT L 2P RO R 1 2 A N 3 i g A B H B
/NP G 8(a) T, CuFeO,@PVP & A& 1 KLY EIS il £ 2 [/ 9 /N F CuFeO, 1 EIS il £k 2 7
IR XRPVPIN G AR T CuFeO, I FH M, MHEA TR E FIEEEE, K 8(0b)
BT AEE R TP CATIRS TR, AR A BRSO R R . ZEFATIRZE R, CuFeO,@PVPAY Y L 3t i 1
B 5 25 T CuFeO,, 153 1.3 pA-em 2, & H PVP ST AR HE T 64 800 7 19 40 B FDG L 7 i 5%
B, I 7= A T 58 10 )16 R 37 MR )
22 AEMERT OFX EBEE RS

J3 THE % CuFeO,@PVP MG HLAELL TG PR, LUBRE A IR . 40 0 BB, 76 M AL R B & ok
0.6 gL, MILEEN4mA-ecm? WHRMT, HET AR R X OFX 1 R A 808 I X 40 N 1) 8l ) 2%
HEATT 3T B 9(a) e T OFX 7E A [A] 52 A4 2 rh (R B 82 o BRI CuFeO,@PVP 1 I B 552 55 45
SR 2 B AR 700 108 W BRE 675 e 1 L BRSO L s, O 120 min B9 Z5BRR A 6.4% . ASUS IR E HL
e, Bk P AR AR 2 N 120 min 1Y AR RN 26.1%. 241K G0 ] D6 A AL R s, R
120 min 9 B A AL B A RN 27.3% . X RO A AL IS 46 B0, B O0 T, HA BRI A Ak iE R
HLNE (E°=1.77 V) [ H,0, X145 HLT5 G 4 1) B AV FH AT BRI RSV I EL 19 VB FH I, CuFeO,@PVP
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Preparation of CuFeO,@PVP for the photo-electro- Fenton degradation of
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Abstract The CuFeO,@PVP catalyst with rich oxygen vacancies was synthesized via a simple one-step
hydrothermal method with polyvinylpyrrolidone as modifier. The successful synthesis of the catalyst and its
morphology and microstructure were confirmed by XRD, FT-IR, SEM, TEM and EPR methods. UV-vis DRS,
PL, EIS and IT were used to confirmed that CuFeO,@PVP has better photocatalytic activity and
photoelectrochemical properties than CuFeO,. The results of degradation experiments with different systems
showed that the degradation efficiency by CuFeO,@PVP in photo-electro-Fenton system increased significantly,
which was 1.79 times as much as pure CuFeO,. The removal rate by photo-electro-Fenton system was 66.8%,
66.5% and 9.3% higher than photocatalysis, electrocatalysis and electro Fenton system, respectively, which
indicated that there was a synergistic effect among the visible light, electro and heterogeneous catalyst. The
effects of catalyst dosage, current density, solution pH values-and coexistence ions on the degradation of OFX
were further discussed. The removal rate for 10 mg-L"' OFX was 94.3% after 120 min oxidation at catalyst
dosage of 0.4 g-L™" and current density of 4 mA/cm’. At pH 5-9, OFX degradation was inhibited, while at pH 3-
3.6, the degradation was almost unchanged. Cl” had a slight acceleration effect on OFX degradation, while NOy;,
PO, and CO,* inhibited the reaction. In-addition, the degradation efficiency of CuFeO,@PVP decreased by
13.8% after 5 cyclic degradation -experiments; indicating that it has good stability. The results of radical
quenching experiment and electron paramagnetic resonance showed that -OH was the main active radical, and
the possible degradation mechanism was inferred based on the above results.

Keywords CuFeO,@PVP; Oxygen Vacancies; photo-electro Fenton; ofloxacin; degradation mechanism
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