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T8 . RARRI - S R A S TR FE B RS R S MR S SRR ER A (SDS) 1) 1rO,-Taz0s/Sn02-Sh-MnO,/Ti H,
oo iR T BME (SEM) A X HERATH (XRD) X H MO 50 R WA 40 B3R AT 20 47 R A HR AR 22 . WAL
SN T-B, ARG & BRI B MEAEN: . RV, &R 5 ER N A 503 1r02-Ta205/Sn02-Sh-MnO/Ti
BB ROR TS, Tem AT . TE ARSI F T, SDS mAERINE R 1.6 /L, 45 LS Hik 99.83%. Fl I 25 )
TR A 8 A 32 560 A0 i A 7 i Rk — 20 2% 52 BT o) A () P Al e SRR M, SRR, TERIREE 15 mAlem® &1F T
Hifi# 180 min, SDS BB 28y 2= B 2 th J5 ok 1) 68.5% 4 i ¥ 79.2%, COD ZEr#F M 60.1%3% & %] 67.5%, HAE{LE

Refg 23 Tl, HAksRibF vt 52 h IEK Z 68 h.
X8R T IR RERAN; IrO,-Ta05/Sn0,-Sb-MnO,/Ti;
hEESES: TQ050.4; X703

XEERIRIG: A

R A 2R

X E4S: 1002-185X(2017)10-2963-06

BR (T FRECEH M N B A s SO B 1 v o el
PESR . BEFEARSEOLSBMAE S 2 M H T HgE. LT, 2
A 0, SR, LA AL R SRR HE TR (O,
HO,») MR (T ##, 51 KFNEMHEH SR, B
W 10 P B T B 45 ) R ™ B 1] 24 45 I 28 AR I Tk
A . BFFRIL, A JE B N RE 2 3 B R B
A48 Tena 2% H MOy (M= Al, Cr, Fe) [ ¥4
[ Z 0 R TE R S A 450, BERS
THM M SRR E Y Han 0B % T8, B
e a2 1) PbO,/Sn0,-Sb/TiO,-NTs Hitk, 7£ 15
mA/cm? HLIEEBE N R RS = MR R K, RO
105 min B, =3 1H-1,2,4-=% M. NI 2
B 2R 5y T IA 90.7%- 81.5%F!1 94.7%; A Ei4 P. Li
2t Oy 645 | 6 o 8] J2 14 BP0,/ SNO,-Sh-Mn/Ti Hi#%
HAT 7O, FRRIE T R ETEAS [F) 85 /5 PR 7R B R 1
LA TG 22 57, SRR, BRI INBE A 18 w1
eI R, B /4E N 4:1 B EL A v 0 R A i
IX 2 B Sn-Sh [ J2 (148 I 50 T 2 BH AR 4 e 1) —
ME#EEN. FAN, PERETE. £BRNBRS
F A ) 45 2% 2F CRT SRR R AL A, B R T e
S VEF AN S RE S S BHAR (8 FH A . #EAK

F=sHER: 2016-10-23

B & TR TE Y B4 TiISnO,+MnO,/PhO,
i B FH W%, 7 FLR %5 B 4 Alem? i), 5w K3k 70 h;
Terezo 2% 23 aof 4% il M e iE E . B O b R
Ti/lrO,-Nb,Os FL b ¥ e i k5 A+ 57 S SR Y Hla 0 AR 3%
Hl#% VRO R PbO, MM, HIHEILAR E MRS B
Wit e, A MEKE 103 h, H4h, Sun 204
I8 FH TR A AL T N b2k = B (CTAB) i
£ Pd-Ni/Ti HL#l, £ 2 mA fH B T X T R B (PCP)
FaL A 4, 90 min Ji5 i Bk R ik 100%.
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SNO,-Sh-MnO, H (] 2 il # : FREL— 5 & 1) SnCly,
SbCl3, Mn(NO3), (50%) K T 7 HEE (Hrirad)
kI E S W (#H] Sn:Mn=4:1 1 Sn:Sh=10:1),
T HE 35 50 J5 F 26 R 150 1) e 1 s V35 50 T il T 8 T Ak
U8B 5 cm>G em Ti #4A b, EIE FHCE 10 min,
RGN EEFE 105 CHEF 15 min, AT
500 ‘C &% 20 min; B ERUR-M5 TP 10 Ik, IF
KA 500 CRERELh, AHEZRLM.

IrO,-Ta,05 V& M E 1l % . FUiill & AKIR (HaIrCle) 5
T (TaCls) BIIE T EEVE W, [E5E IriTa BE/RLE 7:3

(&BE T EIREN 0.2 mol/L), Winb &k H T
B L SRR /K . 42 9T 1rO,-TapOs 1 P4 J2 1l 45 i Bk 4
i 0.0, 0.4, 0.8, 1.2, 1.6, 2.0 g/L ff] SDS, #i$k
HI5] JG 5T SnO,-Sh-Mn/Ti B bk b, kb B 5 [H L.

K 47144 7 . 485 (SEM, FEI Corp, quanta250)
Al X B EATEH Y (XRD, D8 ADVANCE) M %% FL H fi
W S0 43 BT Fe A 4 . SR 1) % B9 1rO,-Ta,Os/
SN0O,-Sb-MnO,/Ti HLAK A TAF Btk B %l B il
WRIH R B (SCE) NZ b AR ) = Bl Ak R 7E L
b2 TAERE (CS310) k47 AL M ge Ik, 7534
Rz (CV) HiZET 5 mmol/L [Fe(CN)e]*/ [Fe(CN)e]*
WP, A HEREE O 8-02~15V, Hi#EN 20
mV/s; HALINRTE 3% (&5 ED MEBRMER. 3
10 mV/s &1 R 5E K.

B HL AL AL AE 5 cm>E cm>S em [ HL iR

AT, B A 1r0,-Ta,05/Sn0,-Sb-MnO,/Ti( & SDS)
H1 1r0,-Ta,05/SN0,-Sh-MnO,/Ti (# N 1.6 g/L SDS),
B A Ti A, AR EE N 5 em. #E IR T LR
W E 15 mA/em® #ATHBEREM (ERBHEES
KXN-1540D); 4L /K KBy By 600 mg/L, SCHF
LI N 3% 1) NapSO4. 73 HI R 4-F k2 ¥ tb
MO Ot 6 B ( HI503-2009 ) AT EE A% R b 4k
(GB11914-89) i & A [R] S 82 1) [8] 1) H 7K 2K 3 & COD
e g,
£ 60 C. 1 mol/L fRERIAWH, LART i AR A BH

e, Ti NEAML, THFAERE 4 Alcm?, BB AEE 20 mm
4T, R EE- (E-t) gk, LU E A
2] 10 V AE g H AR SR R A S O B ) A IS ) BT Ay
% AW P B4 T 1

2 HER51L

2.1 SEM 4R

Kl 1 A A SDS wsneE ik E) SEM B . A
HR] LA H, RSN SDS A LT HE R 2R T P B
MMM E (K la), B AR b A i 3 1
Ao TP BUE TR IR TiO,, S0 S N H BH 3 K M
T 3 3 BH A 3% 20 b, A K FLBR P A3 1k 2 43 A
Gk, MBS RIS R A e T E. SDS
s (B 1b~1e), HLMRERH I ARG A BT GE
I EBARE (0.4~1.6 g/L), BEE ARG N, 2

Bl 1 A[F SDS WM& 1r02-Ta,0s/Sn0,-Sh-MnO4/Ti HL# ¥ SEM H& F
Fig.1 SEM images of 1rO,-Ta;0s/Sn0,-Sh-MnO,/Ti anodes under different dosage of the SDS: (a) 0.0 g/L, (b) 0.4 g/L, (c) 0.8 g/L,
(d) 1.2 g/L, (e) 1.6 g/L, and (f) 2.0 g/L
SUBCRE WD o 32 BT SDS AE B Lk i M AR KR

JEIEPR, 8 A% RE S 1S & MR ARG, AT 2 R
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T A DU A 4 5 #1223k S e 8 3 R v B AR R
AR &L RS ) s {H Y SDS MR InE B i (>1.6
g/L), L& SDS 5 B MK, =B 1 AR A
K, R T 45 A 43 HL

2.2 XRD &3 #f

ANIF] SDS ¥ & I B AR () XRD B3 Wi & 2 frow o
4 PDF ¥Rk (NO.15-0870), 7E 75 1 26=28.054°,
34.714F1 54.024 Kb 35 K I 1rO, MIATHT G, 11K AR
M Ta,Os ATHIE M AFAE . R Tay0s A& LLAE S &
TE AL o 3K A T AHE 50 B R A (1 500 °C ] % I
FEZAK T TayOs 45 i (800 C) Frk. #RIEATH
i1 20=42.049°, 47.674°F1 55.294° (PDF#39-0375) b
AT ST T LA E Hy - MnO, IIAELE, BRI B A K
(1) 7 16 45 #4 5 T oL fr (00 38 N % H T R 0 HH 4 1 F
T AR RE .

XS AT S B0 A S AR DU B Sb,Os AT 5 I,
KAER Y Sn Al S A MIE 5 7242, HAyxs
IS () XRD B e fi7 L — 50123, 5 41 14 i) Sb T HY
£ SN0, F k& EIIUAY Sn, £, BhEALY) DL R TR
XAEAE. SDSINE M 0.4 g/L N 1.6 g/L, R4
HARH R KA K XRD B W% H B 25,
{H 45 AL R SR 40.32%3 = & 99.83%. X it B
SDS Jriit ¥ RENEWEY L, BT HEZAERK B
24 SDS I EIAF 2.0 g/L B, A0 2 B3 14 Tio, 7 4
I, MnO, Fl SnO, B AT IETRIRIG 38, 1rO, FIAIT i U6
SR R0 S, A AR AT IR A 68.74%. Ul W] HI AR K TR
W ECEVE T M. X T RE A B T i ) 2 T P R BE
7 A AR, MERERIMS WL, SRR
T 25 P 3 35 s RIS, Xt & B Bb AR 1 1 L P B
RN F

= —~ (301, — -
O-IrOZ g 5 (301) g g 3 e-2.0 g/L|
SRS L s =)
J [] - o
| o A i
1110) 0y 5 o
S ®-Ta,05 8 § d-1.6 g/L
° A
= o) § =
‘D ¥-Sn0O, 7 8 g c-1.2g/L
g S
2 8
D
o]
= g § g =
m-vno, & & § 5] b-0.8 g/L
MQMHWMMW
A-TiO, & g § a-0.4 g/L
f o il
20 40 o, 60 80
201

Kl 2 A[A SDS ¥ 1rO,-Taz0s/SnO,-Sh-MnO2/Ti HL i ()
XRD i

Fig.2 XRD patterns of the IrO;-Ta,0s/SnO,-Shb-MnO,/Ti anodes
under different dosage of the SDS

2.3 fEHRZMIR

K 3 #iik 7% A AE 5 mmol/L [Fe(CN)g]*/
[Fe(CN)e]* HLfR R I W ) CV £k .

HE LA L, SDSNELE 0.4 ~ 1.6 g/L Ju
L, CV i 2 T AR i A 2 T v A 77 2 1% 3 o of 39 K
MAEMEALE 1.6 ~2.0 g/L i, CV & KA BE4E SDS
HE RG> . R dmE (q*) v T RAE
LR I A E M, e OV £ B S e B iR B
5 Fe¥'IFe* Nt H Ak i fe T B B, A NP,
Ao, UNHEHE, O8I, v REE.

R4E (1) w3 SDS &N 0.0, 0.4, 0.8,
1.2,1.6,2.0 g/L IS0 q* %8 43 7 9 1.481, 1.155,
1.792, 1.868, 2.101, 1.303C. Hist™ ., SDS &
7£ 0.4 ~1.6 g/L i}, fRZHfarEfEE SDS H & KK
3R, 7838 00 PR A 25 755 2 2 T L 1 [) B 28 v T rL
it . ERERRZ, 4 SDS &5 0.4 g/L i,
R 22 Ha g B RO T A IS IR T V& PR A il s 45 &
SEM WA, MK SDS 2R MR 6l A A+, Xk
B2 R TR S O35 ORI SS e gl R e A i 2
SURIRATAE , AF] T H 7 (3L BT 8. SDS & 1.6 g/L
I (AR 2 W fer B i K, LA T e s {H SDS 1A #|
2.0 g/L B, fRagmfarakd, Xl R T RE R
HCEAAS T Ir F1 Ta (454, 5800 MR T 45/ 57
P, oA R, BRIk Ah, RIS
PEIE 55 R IR 5 PR R TR 3 DA O, AR S M SR T
S AN AME TR T AL, BT 4 i BLS AR 22 A B
Q*orn WERZHBAE g% SNERZHAE g &
AR AR g S = FH 2R RN (2) ~ (D
Fﬁ%[ZS,ZG]:

—a-0.0g/L
008F __b-04g/L
—c-0.8g/L \J/
NG
< 0.04 +
0.00

04 00 04 08 12 16
E/V(vs SCE)

K3 A[F SDS ¥ AN ) 1rO,-Taz0s/SnO,-Sh-MnO2/Ti HL 1K ()
CvV ik

Fig.3 CV curves of the IrO;-Ta;0s/Sn0,-Sh-MnO,/Ti electrodes
under different dosage of the SDS



- 2966 Wity B RS TR 5546 &
q*=q*ourtkav (2)
q*-lzq*-lout-"kzv-l/z (3)
a*10t=0*in*t0q*out (4) 012 ng /// .
Ha: kv ke AHEE. . Hl &M 1r0,-Tay0s/Sn0,- | 0.0S»%EE /, // d
5

Sb-MnO,/Ti HLAZI 0*iotn q%in~ Q%ou WA R LR 1.
1MW HELSE R ER, SDS A EN g A 23F
s, R HES g BBl A — % T
S 2N, B IE  qF e B, RIS T H
AR ) H AR AL 5 1 o TG B VR N SDS,  REAE 3 i HL Ak &
WEVERIA, B2 m AR PERE o XTEE g*in AT q*ou 2R
ER/AN, PTCABH A, Al 2 E P U 32 25 A A
WENRE . XA AL SDS ML /E T, A&
AR RIS R, A EEE, 2k ARE B
% EALBER MRS, M B O AR B s T
R
2.4 #Hikehzk

4 AT SDS ¥ & 1 1r0,-Ta,0s/Sn0,-
Sh-MnO,/Ti HL 2 7E 3%NaSO, ¥ W i Az AL il £5 .

f A %0, SDS s inx AT s AL 2 A K, &
SDS H & T K LR A S AL 7E 1.23 V 2 4, [FI,
fE0~1.25V HLALJEE A, IR SDS H & T il Ak iR
ZRAK; JAEE 1.25 VI, BEEELIRTE,
ANTH] SDS FH & ) B AR AR A Fe I 22 = B 5L, BAR R IR
SDS f#1E 0.4 ~ 1.6 g/L K, FEZE HIRAW K, £
[ SR T, AR ENZ, BT
FHH G . 75 1.6 g/L B AR AL FLIA s B8 K, B BE
IR AR fm; {H2Y SDS H &t 1.6 g/L i, il
F#AK. 341, SDS F &N 0.4 g/L il £ 1 5B 1 B Ak i
ZAE 1.65 V 5 L /D TR I SDS HIIE L, 1X 5 1E 6
Rz g5 RAHIA

£ 1 F[E SDSHRMEA IrO-Ta,0s/SN02-Sh-MnO/Ti B4R
RzBITE

Table 1 Comparison of the voltammetric charge of the

prepared IrO;-Ta;0s/Sn0O,-Sb-MnO,/Ti electrodes

under different dosage of the SDS

sample SDS/g-L™ *10./C G*i/C @ki/C
a 0.0 4.56 0.34 4.22
b 0.4 2.93 0.31 2.62
c 0.8 9.47 0.28 9.19
d 1.2 10.63 0.33 10.30
e 1.6 13.35 0.31 13.04
f 2.0 2.76 0.45 2.31

NE —1.9—1.8—1.7I—1:6—1.5—1.4—1.3
I

(= —a-00g/L—b-0.4g/L

< —c-08g/L—d-12g/L

£ 0.04F — ¢ o/lL—f-2.0g/L

00 05 10 15 20 25
E/V(vs SCE)

4 R[E SDS ¥ ME K 1r02-Ta,0s/Sn02-Sb-MnO,/Ti HL K %
1k ith 2%
Fig.4 Polarization curves of the IrO,-Ta;Os/Sn0O,-Sb-MnO,/Ti

electrodes under different dosage of the SDS

ACHR IR BE Cig) A& RAE HLAL 223 7 2 B[]
BARSH, A RO, R R I H SR
PRI B AT, btk it 2SR 7510 Tafel ik 3%
Jo A8 i oL 5 P i 2 2 R 8, I 2 Hr AT LU
2 SDS WM& N 1.6 g/ I, HL ARG B ) B4 R R il 26
B a FIRER b BN, T i K, i 7.0X107A,
Je ARSI SDS MR ) 2.6 5. AT WL, & &N SDS g
8 4 = HOAR PR A8 e HL AL B, R LR AR B PR R,
R P55 8 8 el A £ 35 1303
2.5 FEpEREULEWL

PL 1rO,-Ta,05/Sn0,-Sb-MnO,/Ti ( £ SDS) Al
IrO,-Ta,05/SN0,-Sh-MnO,/Ti (¥ 1.6 g/L SDS) N FH
R 1) 7K 4k B 25 1 AL P 5

b S B TR RS, K OKEY A COD 1 25 Bk
R RFAREE RN, SDS #ntE N 1.6 g/L [k
WAE RS 180 min B, ZKEyHl COD £BrZFE 74N
79.2%- 67.5%, ¥4 &= T 7E SDS ¥ 01 A% [ Z5 3 A1 COD

%z 2 A[E SDS RMEA 1r02-Tax0s/Sn0,-Sh-MnOL/Ti 1R
B Tafel &%
Table 2 Tafel parameters of IrO;-Ta;Os/SNO,-Sb-MnO,/Ti

electrodes under different dosage of the SDS

Sample  SDS/g L™ a b io/><107*A
a 0.0 3.21 0.90 2.7
b 0.4 3.43 1.02 4.3
c 0.8 3.03 0.92 5.0
d 1.2 3.18 0.98 6.0
e 1.6 3.03 0.96 7.0

f 2.0 3.30 0.99 4.9
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%) 06} ——16 g/L SDS
o
©
3
© 04t
(]
o
]
o 02}
O

0.0 ; : : :

0 40 80 120 160 200

t/min

5 SDS J9 0.0, 1.6 g/L A [A] Js &2 B[] % B2 ) 2K B3 1 COD
Fig.5 Effect of reaction time on the phenol (a) and COD
removal (b) under dosage of SDS of 0 and 1.6 g/L

M EBRBCR (B35 5 68.5%. 60.1%); XIEH] T
T BN 2 T 9 T A T DA R AR b, 4R T
B X 22y AT COD (1 P& fi# e 17
2.6 HIEESD

6 MK SDS FINE AN 0.0 A1 1.6 g/L
Ir0,-Ta,05/SN0,-Sh-MnO,/Ti HLH ) 5 AL 73 7 . 1% B %
WIME I T SDS A in SDS 1 BH W% fr) il [T 247 52 B 5
2% LA I %) e R R T R AR B AT 52
h B A R IR T & 10V, TS W AE S 68 hy B

12

——0.0 g/L SDS
——1.6 g/L SDS

E/NV

W

3

30 40 50 60 70
t/h

0 10 20

Kl 6 SDS 0.0, 1.6 g/L HJ 1r0,-Ta,0s/Sn0»-Sh-MnO,/Ti Ea 4%
455 A1 A5 i HE 2k
Fig.6 Service life of the IrO;-Ta;0s/Sn02-Sh-MnO,/Ti under
dosage of SDS of 0 and 1.6 g/L

FHEE, ¥In 1.6 g/L 1) SDS T il % I BH 75 dn $2 Tt 1
30.8%. HEWH KM L B AR AL AR R B T A It 5
BT, SDS £ B il % 1L A2 Al B 440 8
ARz g, MIERR AR, A7 ORI
S SR YT RO F N A AR Ay, R R TR
e

3 &

1) &3t SDS eitka, IR R R B R W%
b, RIEBRL W R AL, AR R, AL s
RGO, AL IS TR RE LG 0
2) RN SDS HE I N P ] B AR ) AR 22 R A i
e A R L HUE, e SDS M nE Y 1.6
o/L; LI AR R T4 S AL B ik 99.83%, HLMEAL AL
Rigth. 25 T HMTF, BERBELN 15 mA/cm?
i LA 3 h, ZKE AT COD R BR = 73 il ik 79.2% A0
67.5%.
3) SDS HI#INCsG 1 il & i B A A 2 1%, SDS
WINEN 1.6 g/L i, S5AMEH] SDS My HARALL, FF
A 52 h ZEK % 68 h, Tk Af A dit i 1 30.8%.
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Effect of Sodium Dodecyl Sulfate (SDS) on Electro-Catalytic Performances
of IrO,-Ta,05/SNnO,-Sb-MnO,/Ti Electrode

Li Zhenan !, Wang Lizhang®, Zhao Yu? Li Peng?®, Yang Shengxiang*
(1. China University of Mining and Technology, Xuzhou 221116, China)
(2. Chimey Environment Science and Technology Company, Hangzhou 310030, China)
(3. East China Institute of Technology, Nanchang 330013, China)

Abstract: An anionic surfactant, sodium dodecyl sulfate (SDS) was employed for preparation of the IrO;-Ta;0s/SnO2-Sh-MnO,/Ti
electrodes through the pyrolysis process. The microstructure and phase composition of the electrodes were analyzed via scanning electron
microscopy (SEM) and X-ray diffraction (XRD), and the cyclic voltammetry (CV) and polarization curves were also measured to evaluate
their electro-catalytic activity by an electrochemical station (type CS310). The results reveal that the employment of the SDS could
effectively improve the microstructure as well as enhance the electro-catalytic ability of the electrodes. Under the conditions of this study,
the optimum dosage of SDS is 1.6 g/L for preparation of the IrO,-Ta,0s/SnO,-Sh-MnO,/Ti electrodes and the crystallization degree as
high as 99.83% could be obtained. The electrode performances and stability were further investigated by anodic oxidation of phenol and
accelerated life test. The experimental data depicts the phenol and chemical oxygen demand (COD) removal efficiency increase from
68.5% and 60.1% to 79.2% and 67.5% when electrodes without and with dosage of 1.6 g/L are used, respectively, for phenol degr adation
at conditions of current density of 15 mA/cm? and reaction time of 180 min; moreover, the accelerated life rises to 68 h, which is much
longer than that of the former (52 h).
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