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2.1 KFENEHE
2.1.1 XA

JoKZ M, B, N, N- —H S ERE (DMF ) |
WekhmR . AR SbE . BAH B, ORI A
KHgE . HhRZ M (PDA) | JUKSHSERE: . TiK
BTIRE . WRIR . MR T HR, E 25 E LR
FBRAF BRAC, Bl s .
212 ZEME

X B 2 A7 51 {1 (XRD) , MiniFlex699-C, H
A% Rigaku 24 A); HifaEH R, PS-3005D- 11, %
P I L FANER R s A IR AL b AR,
CHI600F, i JRAEAERA PR F]; Ik S Be
(SEM) , JSM-7610FPlus, HAHL Tk 4ctt;
I8 BEIE Y (EDS) , Oxford X-Max50, 2= ¥{Y %%
BHE (Bl ) ARRA ] SR0RAE S (HPLC) |,
Aglient1200, ‘“ZHAEFHEARRAH]
2.2 #EEE
221 RICmaHBKGNE

B 50 mL Tris-HC1 2% 0h W TR, H b
FOFFr 0.05 g SRR Z EL R, FMARRAC, fiidtiz
WA, BEFE 24 b, HilAs AR 2 B R
(PDA/CP ) , FHEBE /KL 3~5 K, #iR T T4,
BI457™ i PDA/CP,
2.2.2 ETERARAY B &

FRUL 2 mmol JLKAREERER . 2 mmol FLKAHLHR
i, AR T 5 mL 25 FK P ARIC IR AL B 0.34
g XA R T 26 mLIE SR ( V(IDMF):V( Z
B ): V(KB FK)=10:2:1) FRICHIER B, KR A
A BIRAHFE 15 min 5, 5 0.5 g B2 . PDA/CP
— BRI RS DR R AR, RS TR R U R
CATWATIIANGEN N ZE T, 7 180 CHYTRLEE T /K #4

S 12 he KSR SESE, T & B KIS 3~5
W, 1E60 CF T4,
223 4sREBEEE / BRONE

B FR R E S, B TES T, 78
Ar SR 700 CTRBEE 2 h, HRABHZEZEE . e
Wb 44 o0 CuFe/1-1. U4 R & FIRCH, KmA
2 mmol FL/KHEER 4 A 1 mmol JUL/K-S Tl R 42k Fir 15 4F
s 44 A CuFe/2-1, H4 A 1 mmol Fo/K i BR i A1 2
mmol JUK A HBRER TSR 4% A CuFe/1-2.
2.3 MHERE

K XRD XA AT 0T R AE . i SEM
Y5 EDS XTSRS B . OUEE A T RAE
2.4 BiLF MR

AL E TAES B, ISR /B RE NS o
W A AR . A AR AR R T AR AR |
1 mol/L KOH A A AR, 84 — B IA R A5
il e AL R A rL AL 2E Pk R, A TR PR OR e
ROLSV) FEFMR LM CV )RS BHBTIN I EIS ).
2.5 {EHW

XUGH S TR ARV B R S 1) v 80U AH 03 1 2R A 7
K, %A A S A c18 #: (46 nmx 150 nm ) , ¥
SAHA VKRR AR RS I ED V(5% R VKEEER ): V(1
) = 20:80, PEFERM 20 L, WA 1 mL/min, #
WM 25 °C, ME PN 275 nm., k27 4 e ( chemical
oxygen demand, COD ) 4K Y 2 rh A2 AN RALFI
FEFREE A Tl AR ME HI/T 399—2007 /K Bl 755 %
I PR T R ) M

3 #R5F

3.1 XRD ##F

B/ & K i CuFe/1-1 #E47 XRD R AF, Ik 15
2| Y B 1% 5 45 R I 4 ( Cu, WO, ) FIES R 4% ( FeWO, )
PR RS b (DL 1), ke A, A
LAl on, RS FEART S fR (20) h 26.62° | 30.50°
K 43.34° o AT ST 0, X B AT SR 06 43 0 A ) T
FeWO, 1y (110) . (020) . (210) &4 fTS,
HAERTS AN 26.62° B ISR LR, ARSI ZE &
B . X5 SCHE [12-14] 08 B0 A —3 FRA
TERTSI 2909 23.6° . 28.7° | 36.4° | 38.6° [t T3
A4 Cu,WO, i (0-11) . (-1-11) . (021)
A (=120) &b 1 AT 55 7F Cu. Fe B T H Il by 1:1
()5 & B BE XRD & 3% rp, w] DL€ 5] Cu, WO, .
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Fig.1 XRD patterns of Copper iron tungstate/ carbon
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& 2 MFESL CuFe/1-1 [ SEM &, & 2 B,
BRACH OB 2T 4 5L B IR G5 4 R R 7E BEbe 5 B
PR R/INIORL, B TERREF AER T, /N3 TSR
KEBIT LT s IRAATISRAAAE R AL . 3K 2 A
AR B AR I GO B IR ERTURL, — 7 T TR £ 4k
HIRHPSPE R I T RIS 0 A, o5 — A Bl
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FEITERE 1 BAh, LB AR T AR L R
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Fig. 2 SEM images of Copper iron tungstate/ carbon
paper elecerode

3.3 EDS ##t

&l 3 L CuFe/1-1 1) EDS Bl Hi1&l 3 A%,
BEHWBAEIAOTE A C. O, W, Fe. Cu. N,
I HAS JCR BB S b o A fER A A i, o C oo
Rk, b 53.3%, HEBRPRRARACH kT R
PR, AR FAR SRR, SR AT 58 S R ik
B A RIS IICERE O WL Fe. Cu. N,
WL AR TR Z 0 W, Fe, Cun®, HEK
WEILAZLOTER, X RVIE R R O ) 71 28]
Wedt, MBHS AR -

OKal W Mal

25 um

CulLlal,2 N Kal, 2
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Fig.3 EDS elemental mapping of Copper iron tungstate/ carbon paper elecerode

-70 -



HIBR, &

14

SR ¢k S5 K 21 PR AR B & R H PR AR E 2 R K IO R 3%

3.4 BLFEHRESH
34.1 RALH &S

WIS RELE B AR R BT AR BB oxygen
evolution reaction, OER ) , 7£ 1 mol/L ) KOH &
W TR A AR AR 2 V8 B A A3 AT 1 AR RS PR E A
HL Bl B4 L CuFe/1-1. R 2 Bl / ik 40 % (PDA/
CP) i fbPERE. 7EMREE N 1 mol/L 7Y KOH
WWh, WAPEEA R LSV #h& & 4 B, HIK 4
A%, CuFe/1-1 b PDA/CP [ HL Ak 16 M o g 25 .
£ 10 mA/em® Y HLR % E T, CuFe/1-1 3L LA A
239 mV, fikT PDA/CP. &I A8/, fiEfbrhREBLGT
T B A5 bR 55 TR 4R (175 H A Ak 1 REAS:
0 E T X FER N IR Eh & A AR A R
AL T A A R R TS P AL, T HLER A T
KRITEHERTI . Ah, MZEREE SH R Z
LI / B AC AR A BT AU R B 1, BEAT AU Lk 38
AP R A A= T AR S 0E - DT e H ) FH 23 o
15 YA BRI R AT
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Fig. 4 LSV curves of CuFe/1-1 elecerode and PDA/CP
elecerode in the 1 mol/L KOH solution
3.4.2 EIS %#

il A A R Eh A2 A Wl CuFe/1-1 1Y EIS [&] 2 H:4%
SR B R S . HHIELS AL, CuFe/1-1 HRH
PrEIE A2 RN, 158 B B A A A R Ak S 2
ML 2E A0 BRI, 2 LA s A/, R R
K/INAT DARAE WA 5 H A i M i A s i 2,
N, LR H TR RS RN, AT PR
HL A AL PR RE BT . CuFe/1-1 H AR 14 BELBT IE 1% 2 B 9IK
AR /NTSCHR [16] HE e PbO, iRk, W/hT
SCHR [17] 8 A9 SRR e 1] 2 b Ti/PbO, Hibl, iX

UHH CuFe/1-1 FUBRAH A A58/ )N 1) RICARY R BEL R R g 4% 326
HRH, % THe s amas vk . At fb ke, R4 EIS
LA AR B I AR BIAR N RS, B
WHIRE R, . LA AL RS HRH R, 7301 2.564, 61.71 Q,
HIART SOk [11] #ER{E, KW CuFe/1-1 B H
AR TR,

R R,

1 2
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Z'Q

5 SASKISEREE / BRAKARA ESI B R HEXNREE

Fig. 5 EIS spectras and equivalent circuit diagram of

Copper iron tungstate/carbon paper electrode

3.5 MIELEBRAFBRMBZEHS T
351 FR4MBE I AR A R S8R 4ER R W
#eh

SRR I 42 8 B F T EL X % i LS 2 R AN 1Y) 5
Wi, EAR R 254 i 4 3 RS W] C BG A s AR A e
CuFe/l1-1, CuFe/2-1, CuFe/1-2. X L& Hi i) b4 k78
pH {4 7.0, 54384 600 r/min, JREHN 25 C. Witk
15 WU i 2 mmol/L . HAfif BT Yk FE 2 0.08 mol/L
AT, AR S BR AN Y B A PERE Q& 6 TR .
H 6 AT AL, 2 a8 B T )m( BB T =101 1
CuFe/1-1 X AU 5 BR AN B B e A de . IR
T AR Y T LU RE S AL PERE R AT AR T
TGS 1-OH 7%,

100f

80F

—&— CuFe/l-1;

diclofenac sodium removal/%

—&— CuFe/l1-2;
20¢ —a— CuFe/2-1.

0 10 20 30 40 30 60
time/min
6 [ ETFEL ELaY AL AR 3 IR AR 25 S PR AR R D RS IR
Fig. 6 The effect of electrodes with different ion ratios on

the degradation rate of diclofenac sodium
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HL AR IO RT LASE A ) e, B R R R A A
WA, TR FREM RS, WU SR A R 2 &
ES @R N SR ] 2 A G 2R e NP R L7 i K
VEFIL R PR BV 2 1 728 Ak A 2 S i) F I 2 TRT 7
L AT RIS N Bl T35 o 3 > e gk Jove B ] AL
A0 HRR R T B4 AR 27 S, 48 e T e A R 1520,

SRR G HL AR JOT I JEE KT I ik LS 2 TR B 1) 5 )
TE pH {E Ny 7.0, %34 K 600 r/min, ¥ JE K 25 C.
WIHETS YW BE N 2 mmol/L fUSSET , B Mk it
CuFe/1-1 75 AHEE A 0.02, 0.04, 0.08 mol/L fiHL
f By, BTSRRI, IR AN 7
JIi7R o

/‘(//.

.
80+ /

60t /

40 —— 0.02 mol/L;

// —— 0.04 mol/L;
/ —=— 0.08 mol/L.
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B 7 AR R MRS ER bR AR A
COD HIRFEH
Fig. 7 The effect of electrolyte concentration on
the degradation rate of diclofenac sodium and
COD removal efficiency

HITE 7a nl 1, RO LB TR, LR
SRTRENA R R B 4R . LR TR 0.08

mol/L B, Fi i XS5 PR M A B A R e PR, i 1
h 5, HUARBUE ST RN P AR 2553 93.2%, XM
T LA TR B 0 T v 2 P S R B, IR
I BCRIETE, AR AR DS RN i R 5
H I 7b AI%1, COD ARt 5 WSS IR AN A o 7
H, o JEAE LR RR N 0.08 mol/L Hit Bk ]
N
353 MAFEBRMEKENFERERG YR
WFFERE, AL YW AR LG v B 52 i A A
FALBCRI R R 2 — Y, PRk A e &
e 5 G KA T I B . oA e B AR . A FLTL
JE8 50 mA/em® . HUFEFHRE A 0.08 mol/L, pH {HH
7.0 BIZEAETT , ASIRDBUSE 25 BRG] T T 58 % o i

A2 AN 8 FIs .
100
—&— | mmol/L; e
< sol —&—2mmol/L; //
= —4&—3 mmol/L;
3 ¥4 mmol/L, 4
£ _—
<] 60+ //V
g g
§ // /V/
Q L
% 40 -
£ 4
o /
= 20t /,f’
1Y .4
/” 1 1 1 1 1 1
0 10 20 30 40 50 60
time/min

B8 #NiaMREEM WA EINPEREMZ N
Fig. 8 The effect of initial concentration on the
degradation rate of diclofenac sodium

M 8 FIHI, TEARFRIGAWREET , Rl S
B IR] B, RUER S TR B 1)  f SR AN 4 T . o
60 min J5, FIERHEE N 1, 2, 3, 4 mmol/L [XUEIN R
G TR ) 6 S 43 ) JE: 83.07% . 92.18% . 78.12% .
68.21%. A MY V) 4 W B2 N 1 mmol/L FF = 3| 2
mmol/L i}, BUEZF RN R R de m, (HBEA LY
W PEARSIE A, MR AR, X AT R R FEAR
WEAIER Y, RA AL SA R, mkR
AR R B R, S8 HCE AR I AL
Wk A A AR B g, TR A WL YA HLY)
VS VROV FE ol v B, R 3 A v A R B v D )
RFEH AR R, SR AR, XA
AR H R S ALY RN, FEAR T RLAR B A
e, IWIEA AL G i L bR FEAR. DL R4S
553k [18, 23] RIE—EL,
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354 FREAEENRESKRARRERY A

TEHL R BT BE -l 0.08 mol/L 45T, AE L
B X SRS F RRAN R AR A R A& 9a IR o &1 9b 2y
AN[R] H  B5 E XE COD B R A4

100

P
>
,4*/‘// //‘
80r b /‘/
/
yd )
/ P

60

40}
—&— 10 mA/cm?;
—e— 30 mA/cm?;
—v— 50 mA/cm?;
—&—70 mA/cm?,

diclofenac sodium removal/%

20r

0 0 20 30 40 50 60
time/min

a) RUHIFRRENFE S

—&—10 mA/cm?;

-®- 30 mA/cm?; A

¥ 50 mA/cm?; 7
F —4—70 mA/cm?, /

COD removal efficiency/%
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time/min
b) COD £FR3%

9 HRBEEMMAFHMEMEEM COD
EBREHTMW

Fig. 9 The effect of current density on the degradation
rate of diclofenac sodium and COD removal efficiency

H & 9a AT, AFEHFEE T, $HRHE
(N REITEOR DI IPAE AN ;] 551 ST ST S: - by N Y2
FEFFIRETTAIEE (10 min ), SCEUFREARER /)N,
AN 7] L 38 285 o LS8 55 TR 1 11 o8 e 2 25 AN J2 AR
WD o X AT RESE DA SN A TR IR, F S AR
S NI (E (S ISR 3O TV N Dl I DA DY G AN s Ui
Fok figp S B R U Y LSRR AR AN K AT L, R [R] LI
2 J3E X RG5O — N XN . =2
Je A SN HR AN ] R I 2 T (1 A A 3 2 1) S
F, HAEH IR A 50 mA/em’ i, XA ISBRENAY
RfRim K, SO 1 h JEikE] 93%. XA, FiE
HL I B 3, HAR b Ak 8l 2 S Al fin e

FRHE H R LSRR AL A R, IO
AR AR R, (HH % Ak Zegm, W
SR INBA AT AR RO KA, SR RE R AR,
AT I3 AT FEL AR 1 e i 2k % 3 55 Sk [15] i Ay 2k
PN R T 1 O O N S 5 Al A A N ] 5
B T AT, RS B BEVa N, BT
ARG — R sl 12, X530k [18, 23]
fiE—5. K 9b 5K 9a AL BLAEZSL, e TE
50 mA/em’ i, COD ZBRR ik, KM 1 hJ5Fik %
90.2%.
355 WwARERAY pH ANRASTHRMEEX R
R

pH (B A 23 5 A SRS R AN ARV W HH A AE TR
A, SR A SV VRS T AR T, S

UG S5 BR AN e R 22 TT b A R B, 52 ) e A 5 0 TR
G L XU T2 R R AT AL 2, e sy
S ) XSR 25 T B PR 3R 1T 1 LA AL SR S . R
T IS UE B MR TR W) R pH BN W SE IS R BN R AR SR
(RS, 43l X HL fE SO VI 0 iy pHL{ELA 7.0, 8.5,
10.0 B, #E17 TAOCRY AL AL S, SEgR s iR
W 10 Fras. WK 10 ATAL, 24 pHAESA 7.0 B, 3L
FUSTREN B S de ;. WA pHAAERIIE R, WSS
TR N A 88 7 2R ST A A o X 2 PR R R AP 2
Mréd il R osig 2, Hoos St s AL s v AHZE G
S SH A RPN P A T I TR R S
Bl b, S A LA A T o o 320 5 SR [23]
FIRR VI

100

801

60

40t

diclofenac sodium removal/%

0 20 20 60 80
time/min

§ 10 AE#ME pH B3 WA EL A BE AR E A9 2210
Fig. 10 The effect of different initial pH values on the
degradation rate of diclofenac sodium
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2) ML S SR, A R AL / B AR e
A AR M SR B TR 2 BB i b, TR
It A2 EEL R 14 IR BELRIT R AT B R BN, (L
75 HE I AR RN T
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Preparation of Copper Iron Tungstate Electrode and Its Application in

Degradation of Pharmaceutical Wastewater

XIAO Xuxian', LI Tiantian', JIANG Xin', LUO Wenzhen', HE Chichi’

(1. School of Chemistry and Chemical Engineering, Central South University, Changsha 410000, China;
2. The Fifth Affiliated Hospital of Jinan University, Heyuan Guangdong 517000, China )

Abstract: Copper iron tungstate/carbon paper electrocatalytic composite electrode was prepared on carbon paper
substrate by hydrothermal synthesis method and calcination method, and characterized by X-ray diffraction (XRD),
scanning electron microscope (SEM) and energy dispersive spectroscopy (EDS). The electrochemical performance was
tested by linear sweep voltammetry (LSV) and AC impedance spectroscopy (EIS). After that, diclofenac sodium was
used as a pollutant in pharmaceutical wastewater, and the prepared electrode was used for electrocatalytic oxidation
degradation test. The results showed that nano copper iron tungstate had been formed and successfully loaded on the
carbon fiber surface of carbon paper. The oxygen evolution potential of copper iron tungstate/carbon paper composite
electrode was higher than that of polydopamine modified carbon paper electrode. The radius of semicircular arc in EIS
diagram was relatively small, indicating that the charge transfer resistance was small and the electrode reaction rate
was relatively large. When the Cu: Fe ratio on the electrode surface was 1:1, the degradation rate of organic compounds
was better than that of other electrode materials with Cu: Fe ratio. In the degradation experiment, it was found that
when the current density was 50 mA/cm’, the initial concentration of diclofenac sodium was 2 mmol/L, the electrolyte
concentration was 0.08 mol/L, and the pH value was 7, the degradation rate of diclofenac sodium and COD removal rate
by the composite electrode were more than 90%. Therefore, the electrode has a good application prospect in the field of
pharmaceutical wastewater treatment.

Keywords: tungstate; electrocatalytic oxidation; diclofenac sodium; medical wastewater treatment
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