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TR IR 1%, TS KB AR & B TR AR AL TR A TR %

1 #MR5EE
L1 EEARH & R 7T et

BRERTR IZ O T WL SE ARk}, B 1 FEBARPRR SRR
BRI B AR AT s B A, AT Table 1 Summary of the composition of chlorine-evolving
i RBAEIRIE G Y L], B anode materials mg-cm *
MITRALEE | IRIZIRE NS, M T AR & i g UTeRIE TidE TiCodli  SaSbd
BEAYIRIZ GEfE Tx) 3 #F—PAEHERZE ’ A e Hiw At
FR LR B2 . BRes, ST FoTa % T1 03 0.5 — —
RIZ I BARAI R GEFE Cx) o BARRTHE ST T2 0.6 05 — —
e 1 . T3 0.6 0.75 — —
1.2 BN TEE cl 0.3 — 0.5 1.0

1) F= SR . S5 AR R Sk 400 o 06
mm?®, ESCEI R, TR, R
A 250 A-m 2, BHPFHMLIEIRE R 3 mm, SEETRE N
(25+2) °C, HFEN 0.03 mol'L™' NaCl ¥, SV HTEIR 15 min, SWVJERHAEH NN-" IR
JEREDE A ATE P IR . AT A = SR (mmol-m s 171,

2) kA, A AR — R IS R AR i . AR R ST A 200 mm?
AU HOELM , TR PR EL R E A 1 mol- L™ H,SO,. K HL IR S A 20 000 A-m ™2, FABHRIE]H 5 &
TE 20 mm, SEEHREEHITE (40£2) °Co Kt A AL, A HURBOT R, 0 R ICg0 R i R
Ak, SRR ETE 10 VR, (SRS, TR ARIRR R BINEE 1 S A R E

3) feitaE k. SRATEATA 200 mm?® (XU BIRME, LR RS AALE K R, SEIRE =
M, FIFERCEIEE A 3 mm. FEHLIRZ R 250 A-m > BUAMF FHFLE 100~500 h, HiELCSR THIEMNZE L, 7F
EAREEHIE, B BERAR, I I FHARAR )= 2R (mmol - m™2s™") .

4) BRI KA FEFAR IR, (AT 7 SeBAAAR 8 B AR A A A, R A
28 Lo SRA T HE B L IR AR i —FE R A T . SERAH T 0.03 mol- L™ 11 NaCl %Ak LR,
KRR 25 Lo SCIOTEZIE FHEAT, BIPHMRMEIEE, 3 mm. AL T 120 min, BIENCSE T HEERAEL
FFE CER. SRHAES RG-m - r DA G KRR TS PRis K A BRI, /KB 5B F: COD Wy
119.5 mg' L™, @AM 44.05 mg-L™', pH 7.3~7.9, HLF* 1 461~5 720 uS-em™', HA (total nitrogen, TN)
H173.9~278.8 mg- L™ FTATRZEEIEAIIH 3 AT SEAFEME, I HIHEAS IR 2<6% .

2 ZR5i1

2.1 HRECHRITL

1) T3 F1 C2 Wy~ XT e Wil 1 s, 3 PR BT A BHM (Tx 50 PEK) AbT S 28 500 5
(0.396+0.055) . (0.658+0.023) F1 (0.732+0.044) mmol-m >-s™', BEEHMGE SRR, IR
BAETEE (0.73240.044) mmol-m *-s™' o TEEKEH & & AR 2 B SEAE L — &M TiCo A & F LW
SnSb & & A ALYITRIE (Cx RAN ML) , A EA L IGH 4 ALY BA 6 BT G0 R 5 Bk — 2 T &
(0.79240.029) mmol'm s, ZRUIHI T SnSb A&l ZHA AN FRABERIEN . Ak, S THFSE Co

— 0.5 1.0
C3 0.3 — 0.5 —
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Fig. 1 Chloride evolution rate of multi-metal oxide chloride
evolution electrode

(@]
W

800

600 - 7?
e /
e
¥ 400
=
200 F %
0
Tl T2

2 BRsaitEes

Fig. 2 Enhanced service life of electrodes
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Fig. 3 Chemical stability of electrodes
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Fig. 4 Performance evaluation of T3 electrode after different sandblasting pretreatment
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Fig. 5 Performance evaluation of electrodes after pretreatment with different sulfuric acid concentrations
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Fig. 6 Performance evaluation of electrodes after acid pickling pretreatment for different durations
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Fig. 7 Performance evaluation of electrodes after pretreatment with different combinations of processes
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Wl . R XHFKRCRIFE, ARERE T Tx RIIHA Cx RIN BT ERCRN T3 Al C2 HARVEMAFFE
P4, WE 8(a) s, WA . WE& . TEGFNRET RN T3 M EE e maiy N, ARk
T3 HRHTEERF L 0.4 mmol-m s o IR =N C2 BARATESLRE, RHUREN C2 FiRkIH
WM R FELE 0.1 mmolm™s™, ARFHALMRE =, WK 8(b) Fiw, Rk . WHRARETT =00
T3 HR AR AR BN, RSN T 250 b TR EE Ay, TR T3 BikisRib Aaes 272 h, B
e T HABRTE =AY 200 he R FCIA R C2 ik fiRib A dr, IRBURE C2 Bl i HA R A ar ik
% 31 h, wRFHARIRE D DREFERGEM B MIE 1S, AT HARE =05, B iR R
FEROR, [MIMCRAIFA —E MR . R, 2iG5I8, BZCBRRIE BRI 2RI T2,

3) BREKIRIE . A VE AR L AN A R A PR A SR TR, R s ol L B e st ] ey £
BRSO A 1 B IRAS AR RE A % BT BN, R BPRRES IR e Bt Tl (1 9) o Beshiad
FETREMEIE AL ISR, WE 9(a) s, T3 AT SR S E beah IR T %, 24 T3 1Y
BRZE IR BN 490 °C $275 & 510 °C B, T3 AT R FH AN 0.85 mmol-m™-s™ [ % 0.73 mmol-m s ™',
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Fig. 8 Performance evaluation of electrodes prepared by different coating methods
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Fig. 9 Performance evaluation of electrodes prepared at different sintering temperatures
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Fig. 10 Comparison of water purification effect of C2 electrodes prepared by full spraying,
spraying combined with brushing, and full brushing
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Table 2 Estimation of electrode cost

haes JH WARMHE/OT- F ) AR On-E &I
AR PRI 125.2 876.4 . . )
1 S e 453 oo PRAR AR, AR A3 16 R
2 s A 342.5 23975 FE N FBAEKIR
3 FebA 21.4 149.8 Wi F D A 45
4 AT 0 409.9 BRIRET . ek T . 2R
5 AT — 900 —
it — 5096 MRS ERRE B . BL2h . 3Cil SR

3 4

1) AT T ARG AR T T SR M AR U i, RIS T ERERTR 2 R G (Tx) FIEK
FBEERIZ RSN (Cx) , WIRSIRVE R G TS A RO R T Hr &G Pk S

2) C2 MR 15% MIBRIRIRYE 2 h i, 7E 2.4 V I TAERE FEM kA fb ik, KA H & A
H COD [&% 452 mg' L™, MKIEAREE] TVIIME (REAIS TS KIGEK TS Y HERbRE ) (DB32/T 3462-
2018) —4¢ B HElhrfE.

3) SEFARAATARL A2z e BN T SAHEA TRUAR A B , FAR B MAS 29 5 096 - &, fiX
TR ARG b, AT T Al Atk A FH AT 5
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Optimized preparation of iridium-tantalum coated electrodes for black water
treatment in rural toilets and its effect on chlorine evolution performance
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Abstract Black and odorous sewage of rural toilets is commonly treated by biological methods, which suffer
from unstable treatment efficiency and complicated operation management. In this study, an iridium-tantalum
coated series electrode (Tx) and an iridium-tantalum tin-antimony-cobalt coated series electrode (Cx) were
successfully constructed by optimizing the preparation of traditional titanium-iridium electrodes. The oxidative
degradation of organic matter and simultaneous removal of ammonia nitrogen were achieved using
electrochemical in situ chlorine production. By optimizing the formulation of the electrode composite oxide
coating, it was found that the fully sprayed T3 electrode (IrTa oxide coating 0.6 mg-cm %, Ti oxide coating 0.75
mg-cm°) exhibited the highest water purification efficiency under a working voltage of 2.4 V, removing 50% of
the COD from rural black water within 60 minutes. The surface cleaning process and sintering process were
systematically studied on the chlorine production efficiency of the electrode, and it was found that the T3
electrode constructed by sand blasting combined with acid cleaning surface cleaning process, roller coating fixed
process, and sintering process at 500 °C had the highest chlorine production efficiency and enhanced service life.
This study provides a feasible solution for the eutrophication problem of decentralized sewage discharge.

Keywords coated electrodes; ammonia nitrogen; chlorine evolution reaction; black and odorous sewage
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