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Fabrication of SnO,-Sb/MWCNTs composite electrode and

the anodic degradation.of low concentration ceftazidime

DUAN Pingzhou HUANG Geli HU Xiang ™"
(Beijing University of Chemical Technology, Beijing, 100029, China)

Abstract; Sn0O,-Sb/MWCNTs composites were prepared through sol-gel method, and were hot-
pressed onto stainless steel. mesh to form a 2-D electrode. Scanning electron microscopy (SEM) , X-
ray diffraction (XRD) and electrochemical measurements were used to investigate the morphology,
phase composition “and electrochemical performance. It was demonstrated that SnSbO, was
successfully doped onto MWCNTSs. Oxygen evolution potential, electrocatalytic activity and stability
were substantially. “improved. Enhanced hydroxyl radical production capability was tested by
fluorescence spectrometry method. Service life test was conducted with five cycles of electrochemical
degradation of ceftazidime. The results demonstrated that Sn0O,-Sh/MWCNTs electrode could reach a
90% removal rate after 60 min under a current density of 2 mA+cm™>.

Keywords: multiwalled carbon nanotubes, SnO,-Sb dopant, ceftazidime, electrochemical,

degradation.
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TR ) TS0 B FE IR, B B AE AN B PR ARG P67 S 2T o LR Y RIS S 1)
RHA IR R FH T 0 35 M Bt 5 3 ) 6 5% 1 R RT AE 16 KT g 4 s, v B 0 Ry TR b e R s 259
B PR FE 2011 AR RER ] T 200 T, IFHAE T 180000 Wi 2 5 X s A AR K —FBAr
I 2R K AR RIS 2R A B SRR TR B AR 4T (WHO) 78 2011 4542 H K A
IR P R ARG 25 A DU IR BR AN Sk AR , 23 X 7K AR A 1 A0 A R s ™ 2l >

FL AL S AR AR R RIS B 2 R BT B R | R ) 7K A B A | o A FEUEE % i AT
B 7 T 2 90 R AR 1o A AR S JEL D o B A0 v g K 7 A i R AR R B (E° =2.80 eV ) RS A H 3%
( -OH) B A ML, A5 BA B A MR ) RS B (DSA) 78 B AL B R PR 092 | R34 52 4541
% T Ti/Ti0,/Sb0,-Sn0,/Sn0,-Sh-CeO, L X T B 10B #2£1] T AR U (0 W A sk 170 Il oz 06 255 i 5
f) Ti/Sn0,/Sh,0,/Tr0,, B A FH T b BE & B K ™ 4R M DSA H il T 28 2%, LR i BUIG, BRI T3
RIS, FH B bRk AL A I B, 2 0 T, i R A 292 o L0 LR AN KA (0 1 St K L
P FURI R 58 B A O R PERB L AT AT F AL 2R PR BE  AE SRS IR EE RIS K b B A5 A 5 F 221
N7 FH ABL B A 6138 3 £ A 0 S0 gl A2 AT A F AR, R e P 2, L R A Al A fe 3R T 2 AL 2 R A i
B SREEAG A ARSI AR SR ST N B A 4 B AR 4 B A 2 Bl b R LA s R
Prég 8 Fese A AL TG PE T Hu 206 CeO, 8 2 BB AN KA I, O B $ T Ak 75 tE e e
PO s SR TSR I BR R A M ) AR B -, 45t FR-CNTs-PbO,/Sn0,-Sh/Ti & 45 b, AL
PR T IHARIE M OB TR AR T R AR T AR 00 o SR AR R A& M MWCNT, 1T LA
RRGAE MU Fenton AL 4-RYFEM ' K, B AL SR IL B 2ol UE S 0 AhE LA R /K B9 A 30T B A
YR 0 LA RT LGE A 78 H R - ) L AR A R e sl 5 AR ™ AR AR R S 1l B R AR RN, DA T 4
fiff R/ IN G T A R A .

ARSC A FEA - G 3 A Y T B S ) 5 S v A AR TR PR SnO,-Sh/MWCNT HLAR , #9551 FE AR I 2544
HL Ak P R AR e

1 #8571 ( Materials and/ methods )

1.1 Rl

B 3—4 ¢ ZRERRAIKE 5150 mL 50% FIHRASERIE &, A 200 mL BB, A BA I E
105 °C , 2 BERIAARSF 8 h, whPE 2= pH N b e Mt = 10 5 B8 Rk oK.

¥ 2.25 g SnCle2H,0.5 0.228 ¢ ShCLANAF] 100 mL Z B, 7E 80 °C FHEHE 2 h J5 44k 24 h, 153
BB S IR T IR A el K 5 T RS VR A B 7 40 min, 7 60 C R LT 8 FA5 = b B A BT 500 €
1852 2 h, 1595 Sn0,=Sh/ MWCNTs &A1k ).

K FH AR 5 5 FRR, R4 TR B M A CNT #3K 0.5 ¢ INA—E B A L BEAT 0.1 mL () PTFE 59,
A AL 3 30 min f CNT #1 PTFE F85MRE G, fEHEAR N 25 1 S BERURCIRY) AE CNT IR BS ) I 55 5
SEHER AT IR 25 G 7 20 MPa 1) B 5208 1 iR 1 F R F il FH 25 88 /K T Uk, 7 80 C ML 48
gt T 2 b B AL
1.2 SCEGAE

fdiFH QUANTA200 #5494 F 45 ( SEM) X A2 G A0 RHR TETE S EA 70058, fff FIAE [ Bruker 24 ] 1) D8
Advance 4= H 3l X SFEATHAL (XRD ) 430 A RHELAL, LA Cu/Ko 58 5T, 8 HL R 40 KV EL (4 B AL~k
fEAE RST3000 7 A Ak TR B, (o AR H SR BB R X s , A 22 Bl Sl 2 LE R

F Ak 22 AR A Sk A2 T A A S B AN A 1 /R i B 2 ph A R 1 O T PR R (b st R AR
TR ) AERGUE IR L 1B RS FN 150 mL BEARAE Jy SN ¢ Forh BHAR M B R 8 i CNT H AR, B
Pt 22 it E 1 mg- L7 AYSLAEABBEA RO I 1 g- L7 1 Na, SO A A Hfif 035 B 5305 Fi o, 0B 47 L ff
AL S JRURE IS [R] £ B TE 0.5 .15.30 45,60 min, UFEIAFEE N 1 mL.

1.3 5rbriid:
Ra e o v ol FH) o5 A80ROR €00 33 0 S A [ S ) PN ) A A AR | 2 (il ) A0 pH = 3.4 (19 KH, PO,
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VSWAE RV EAR , 4354 0.125 mL-min™' F1 0.875 mL-min", S0 4 L 05 5[] 9 6.4 min.

B A A S S I e s
(L HE R L IR 2. S Pk &% | 3.0 T, 4. BT, 5. 994, 6.5 3 £%)
Fig.1 Schematic of experimental setup for electrochemical degradation experimental installations

(1.DC regulated power supply; 2.magnetic stirrer; 3.magneton; 4.anode; 5.cathode; 6.copper wire)

FAHE IR 7 B R A 0.0005 mol - L™ Xt 26— FRRAE o4 A 1 ¢+ L7 Na,SO, 76 0.1 A H
T HLEE 20 min, ff ] H AR HA: 72 A9 RF-5301PC BIZEETE /O BT HIE , R4 T8 S nm , 384 B
K 315 nm, MK IE F 350—550 nm"™.

F R 7 0 X (0 FH o 6 P AL AR 2 TAE S b, RS LA s

2 R 5118 (Results and discussion)

2.1 Sn0,-Sb/MWCNTSs HL#% BT 5 /AT il XRD AT

3 KB I B M KA B 78 LU BE T IR 300005 204 TSR, A5 B 2 i X H A A i 5 ke 4 oK
ERB B R, AT LR IR AR 25 SR A TE R AT SRS fS | B AN KA (0 5 R 1 B e AT
ZBNFE A IS B 94K A8 R LUE BRI 7E 3L b 3R T 46 8 U B A TE sk 9 K8 b 88k &
JERURL S B 2 B LA AR FH I ARSE &, o3 A 5 i al WLER B — i A SR B4 B Bk (W 1B 2R 7
PETF AR R RE A TRI A, PRI AR (A0 BT i e M S B 1 1 BE 52 4T

e
1.00 pm

B 2 CNT # Sn0,-Sb/CNT & &4 R Hi 4% (SEM)
a.CNT;b.Sn0,-Sh/CNT
Fig.2 SEM of CNT and SnO,-Sb/CNT composite material

FIFH X S ATE (XRD) J5 B AT 5 (4 F AR R AT A AR 25 48 43 A , 38 3k X A4 B AT X S i 4
ST AT AN R 3 B, AT ARAS AR PR S 5l 43 1 45 4 BlOR A8 S5 AH OCAF B 7E 26° 4247, CNT
P B A A SRR (002) BYARAEE | [R5 SnO,(110) AT ST & | T SnO, SkL i T4, fi15
MG BB RRIENE T [, SnO, @A B LB RRAE I 43 31 1 BRAE 34.1° 38.2° 52.1°, 55.1°, 65.0°.66.2°,
A 34.1°09 101 FRAEIE  HRIE T2 1.4° MRS Scherrer 2T AT LIS Sk AR 2N 5.4 nm, IR
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J CNT B Jmoki 1 0] AT 2 70 BUPEAR G BTG A0RE, A0TSR v L 2 T AR vog AR T 1 , g8 v LA
W/ TR A R

Intensity/CPS

0 IIO Zb 3l0 4.0 5‘0 ()IO 7I0 éO 9|0 1 60
20/(%)
B3 AR BB Mk 9KRE 1) XRD 4]
Fig.3 XRD of pristine CNT and SnO,-Sh/CNT electrode

2.2 R ERE

(1)CV izt

AL S T AR L T SR AR A 28 A BR 2N /] A2 77 1Y CHI660e 28 FL Ak~ T AE 25 547 , SnO,-Sb/CNT
VR TAE AR TR H R AR A A2 LA, Pr 22 FUA R il B ARG, 3 B A1 5V 1L A - 500— 1500 mV , 4
LR 50 mVes™ | B IRCA BRFUAER U, FELAR MR B OALS o LT B RR AN , 75 B3 224 20 B 76
AN IS

& 4 7R, 78 Sn0,-Sh T4 CNT HL# 29 0.7 VARl sc 2 481k , 2 Sn0O,-Sh/ CNT 15 i i
TS Ak S G B R AL RE T 3 5. A I, 78 CNRE i GV il 28 B V0 & B4R AL 06 Bl 38 T e 3 36 B
SnO, Fl Sh, 042 FE M IH T 1L 2 J@ AR b BIAS S Fa Al A AT PR AS I S 2800 20 TR A 3% 221
IR 0 i e 0 A AR v, PR P A S L 1) o T R A v, R A ) R e A B R
U FEUARAE 22 URAIE AR 2 T Bk iV D e R 0 b 7 R B —

0.021
0.020f
0.015F 001k
0.010f
< 0005 < 0
3 2 _0.01
© _0.005F ©
~0.010F ook
~0.015F
_0020 1 1 1 1 1 1 1 1 1 ] 70‘03 1 1 1 1 1
20402 0 02 04 06 08 10 12 14 16 205 0 0.5 1.0 15

Potential/V Potential/V

B4 RBIABIG BN CNT HARIEEMA 22 £
Fig.4 Cyclic voltamograms of unmodified and SnO,-Sb doped CNT electrodes

(2) LSV i
H & 5 B, Sn0,-Sh/CNT HAR BB A 1.1 V., & F A 90K & By 0.9 vV, BE6ei 5
AT AR = rA 7 AR 3 1 P R AR R R B T B 48 4 A5 e AR LA v Y AT LB, i R
NGB, T A B4 1 F A Tk S AL R 0 R Sk 60 AL BE 119 g
(3) Tafel fligk
W& 6 7R, Sn0, F1 Sh, O MM 5 1 CNT HEAREA TS I kg o2 i Ta @ n B2 2 A R
U 53 A RO AL TEDRG BV, 58 T B ORI T 8 Tk Pk . Tafel 1S A4 VS 12 -200 mV % 400 mV , 45
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TN 20 mV es™ SR CNT RIS B, S5 R AR, 54 5 oty i A7 1] T RS2 8 , 2 T e P i A S g e
ALHEAN WO FE AR B TSRS M 158 Sn O, -Sh/ CNT HUAR Y I HLAZ 25 mV TR HL IR A 1.5 mA -em 2,
HL283 15 Yl B b R DR A, U A S F A W 7208 PR S F TR E

012 -1.0r
L ——CNT -1.5F
0.10 —— Sn-Sb/CNT ook
0.08 -2.5F
>
- 0.06 = 30p Sn0,-SH/MWCNT
004} 5 351
2 g 40t
S 0.02
O —45F+
0 -sof
-0.02 —55)
_0.04 i 1 1 1 1 1 76.0 [
0500 1000 1500 2000 S 0000
Potential/V Ig(Current/A)
B 5 REIRABIBGPEN CNT MR 22k B 6 B248)5h4E B4 CNT Bl 5 3R/ ih 2k
Fig.5 Linear sweep voltammogram of unmodified and Fig.6 Tafel plots of SnO,-Sb' modified and
Sn0,-Sh doped CNT electrodes pristine CNT electrodes

2.3 FHkE AL

AT R DO B 5 1 B M i S5 H B 3R T 7 H Ak~ R RO R B e i A 2 RE R
CNT HL#%5 Sn0,-Sb/CNT HLARTE 0.1 A T F AR XS 248 — FH PRI, 20, min 5 BUREHEAT2OGINE, anfEl 7 B
R, DEIEETEIEAE HBIAE 425 nm &b, H SnO,-Sh/ CNT Hi B P2AE 56 Y6 5 5 3 CNT st , TEPA AT &
HA T A AR AL T

800 L Sn-Sb/CNT

3 4 3\
600 ]
g L
£ 4001
5
Z

200

0f

360 380 400420 440 460 480 500 520 540 560
Wavelength/nm

7 CNT HLAR A SnO,-Sh/ CNT H % HL At A i 2 Hh B9 1 1 3 3

Fig.7 Fluorescence spectra of electro—oxidation process on CNT and Sn0O,-Sb/CNT electrodes

2.4 HifiEfetEne

(1) HEL L B R M)

PRI LA B 1 5 A () P 9 2 R X Sk A6 At B 1) 88 it 52 i), Sk LA E IR OR FE N 1 mg - L7 IRIR G
1 g- L' Na,SO A Ha 1 5, IR A VAWK FR R 150 mL, B A% 18] #E K 2 em, HL %6 BE UM 1.0,2.0,
3.0 mA-cm™”  HURERFR] 2507 5,15 .30 .45 .60 min. AAE M HL AR FIE i R AR XT3k 60 1t B 114) [ g 38 7 AS [ H
TR T B 1] S A S A 8 (a) TR B4 CNT HLAR AR %5 T4l CNT B bl , 7EHE Ak P A7 Sk Al
ek BE EAS ) TR RAR T, I 2 F R R 3 0 S AR T, X R AR B T A5 L T X B A
L 8 4 1T PR O %) S A0 A R AT ri A2 RR B | LA R A W o A 6 1 7 A (R SR 1 o R i LAk R 0 R Sk
b B AT A 3 A B/ N A B A R ) L R 8 T AR R P T AR e R AR L [ R S e ]
BRI 2B TR
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(2) LM B A 2 A 52 MR

W TG K T & A R B, DR AR B8 R R AR 25—, A () %) H e SO o 21 2 o) F A A R A R o8
PR RIS, 5 58 BB R AR AR R ). U A A AR AR ZE R VE F R AT DL AR A s A APk
A IE P S, AUdE CL(E vs.SHE=1.36 eV) ,HCIO(E° vs.SHE=1.49 V) ,ClO" ( E° vs.SHE=0.89 eV ) , H:*
AR AZ (1) (2) . (3) Fis, T EMPEFEEE A bR A 0 55, 7 DL 2 P %
l_%;[% .

2C1I"——Cl, (aq) +2e~ (1)
Cl, (aq) +H,0 —HCIO+Cl +H" (2)
HCIO —Cl0"+H" (3)

TR B TAEAE N, B SR A AL O BR R HS [ el L0 5 B 2 28 vT DA B b2k > e L3
W= (4) (5) (6) .

HSO, + -OH——S0; +H,0 (4)
H,S0,+ -OH——S0,; +H,0+H* (5)
SO, +80,—S,0% (6)

AHFFER 1 me- L™ B A ABEREROR & 0.03 mol L™ HYH i FRARE, I £ WEHCBUA 150 L, o
VSREE R 1 mA - enn™, 45 SN 8 (b) 2%, 76 NaCl H 857 o 7 DI 7505 5K 10 W o, L0
Na, S0, , FLES™ A FEE 4 H1HEHY NaNO, TV e A .3 15 2 B Wi L 5071 2 OB G2
B SRR A SR T AR T R 38 58 7 A AT b 7 5 5 b o 2
TSI

0pa v v 1007 b
90 — 90 4
sof . a—t 80F ; :
X [ A ____e——® ° “ ~
= 0r f o— § 70 i //l/””’
g oo | / g 60l . o
5 f 8 e
2 50p | / 2 s0f P
[5) | & '] S e
3 40 | . — = 40F -
y
gsor |/ _/ 5 30 ol
2 20k ||/ / ~#—~MWCNT-1 1 mA-cm™ 2 20} A —=—10 mmol-L™! Na,SO,
W/ . ©-Sn-SbCNT-1 1 mA-cm ™2 o/ e—15 mmol-L"! NaNO
or | ,‘// ~4=Sn-SbCNT-1 2 mA-cm™ or 4 1S o LA
of & v—Sn-SbCNT-1 3 mA-cm 2 ok & mmot aC
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/min t/min
80F
70
= 6o0f
Z
g wf
2
£ 40
o
g 301 !
5 )
5 20 //
& / —=— Sn:Sb=100:5
101 / *— Sn:Sb=100:10
ol —a—Sn:Sb=100:15
) . . 1 . 1 |
0 10 20 30 40 50 60
t/min

B8 (a) Ly B0 Sk AALIE S BRAAY N ; (b) R BTRR S B Sk A M IE 2 BR A A 20
() Su/Sb ¥y 5t () f2k 2 LR Sk AL e 2 R 3 A S )
Fig.8 (a) Effect of current density on removal efficiency of ceftazidime; (b) Effect of electrolyte category on

removal efficiency of ceftazidime; (c¢) Effect of molar ratio of Sn/Sbh on the removal efficiency of ceftazidime

(3)Sn/Sb B
Sn0,-Sh/CNT HL % () FL A AL AE J1 52 5] Sn0,5 Sh, 04 i 11 2 LAY SE IR, Sb JC K 1945 2% T LAV,
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/N SnO, 53 F B REBR , B2 =i AT 420 F A7, 3 S L SR Tt 2219 Sb JC R IB 24 S /D 1 M i, FRAIC L A
PR TR, SR A3 A 6 LU 61 T P R %) o 8 R A TG PR VT 2 DG TR 22 R 8 () BT, AN
Wy 22 LB 2R Sn0,-Sh/CNT HIHRAE 2 mA -em 2B R BCR T, %5 1 mg« L7 Y 3k F At 0 1547 Fi A
RS, 2 BAE 60 min J7,Sn/Sh=100:10 ARGl T2, RIS T s BRI 2 70%.

2.5

g PEREM A
P AR RS P L M A — TR B B | DAL %o R AT 22 R S S 56, AR WA v e AL e A i 7

HREAPE DATE 2 mAem 2 IUSRE T, 1 g« L7'% Na, SO, A, FEA# 1 mg- L7 1Yk fhiE

WE 9 Frs , EIIEL I 5 AL LIRS |, HFR SR 80.4% 12 A FRARE) 70.8% , 1d IH o M R 1T %

PR T URE S T Y AR R ROR R IR B FEAR i KO, R B T R R e

3

80 F L]

60./ /- /

df

. ] -
] L ]
-
20 | /
0 L . )
0 50 100 150 200 250 300
f/min

Removal efficiency/%

B9 SnO,-Sh/CNT HIMLIELE M S U EMEREI it
Fig.9 Stability test of SnO,-Sh/CNT electrode under 5 consecutive cycles

2512 ( Conclusion)

ARG R IR ICBERL 21 % 1 SnQ,-Sh/CNT 525 FL i, I T FLAE AR IR A /K A F AR B 11 K FLAB E

WFFE R, B BB 2% n] DL 254 i B SR RE T AN TR e AL RE T, A S0 SRR B 11 ol R 90 A
JIERAE W AT 7E 3 mA -em AYHLISREE T 1 h J5 AT LA EIHEE 90% I R AR A% TR) B Fi A Fry AR e Pk
REAL A2 1 AR R PR .
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