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Abstract: In order to enhance the chlorine evolution activity and decrease production costs, this study employed the
thermal decomposition method to fabricate Ru/Ti electrodes doped with various low-cost metal elements. The
micro-morphology, surface structure, electrochemical properties, and chlorine evolution performance were
characterized and analyzed. The results show that the performance of Ru/Ti electrodes can be effectively regulated by
introducing low-cost metal elements, and the doping of Mn, Co, La, Ce, In and Bi elements can decrease the width and
depth of surface cracks on the RuTiX (X represents doped metal element, with molar ratio of 3:7:2) electrodes.
Particularly, the surface cracks on the RuTiCe electrode are the narrowest, and with a significant difference between
chlorine and oxygen evolution potentials, its available chlorine concentration reaches as high as 254.0 mg/L,
showcasing excellent chlorine evolution selectivity.

Keywords: Ru/Ti electrodes; chlorine evolution performance; electrocatalytic reaction; thermal decomposition

Bt & Jm A B R R SR S R E 1
PR T s AT S ol v a8 P B B AR R RE i B T
KA FE N SR . RUO,-1rO/Ti MR B A o i
EACTE T, 2 HATHOvE I s s ez —, =
HT T35 A A% e B 1 B <2 AL 1rOy, R AN BR 1)
T b RO, B B 2 AR B 4 1y SR A I
I AT, HL3R R B AR A r AP RE L 3 BH AR ¥

IiE HEA: 2024-07-02
HEWMB: FEEARGH 5 FIHRITUE (2022SSPY-06)
BIEMEE: SR (1997—), %, BhE TR,

J2 1) 2 T I 1 R DL B B AT BH A0 H A A o A b g i
HLAZ DO Rk, ) RuO, 35 AL 2 T 3B MR
A4 @ E AL T R & &R ALY (mixed metal
oxide, MMO) BH#., X T oo FH AR ¥ bt S0 1 DA 2 %
R il 3 e A HAT B B g g S e,

HAr, ©f%#&X Mn. Co. La. Ce. In Al Bi
TLEBL RuO, HEAT THEFAIS?Y, SEM 5] Nix skt
& JC F Re W 1 — E AR OO r AR ) AL AL R O
BEARC MG A4S o ASAE FE KT B A0 B T AR R 620 R, AN
FAE S & @t B A RUTI B TE S . diR 454



Rkt R
18 Titanium Industry Progress 41 %

RLAL S PR R AT SUPERE RS2, DU D 1 2% i PR RE
RBCA [ RU/TI LR IR 5% .

1 X I

1.1 BREATLIE

R % 3 44 3% B 80.0 mm X 100.0 mm X 1.0 mm [
TAL T 4igRiR, 20 Wiab Ak 2R 5 5 % B Tk ioh 5
BRI (FLE 2 H0N 10%) AR %I ik A2 6% 1) It 1)
W OR AL B TS SR B PR T, AR GER T 2
A B BR TH S5 K A e, TR FLRON oK 2 g
TRAF 2 o
1.2 EREIE

K H il O A & . B ERIR DY T R, =
ST MBI RELEY X (X FoR=4404. &k
B SAGET. SAuhE. SAE . SIS S %
YRR 7:3:2 WM TIE T B, 430 e il
B4 R B T Y 0.35 mol/L HITE W . & VAT 4 il
51U R AE % R AR R T, SR S5 CE T 60 °CE I 80X
FE 48 10 min, P& T 594 TR 7E 450 °Cledli 15 min,
B AR Rl —hed— R EI R EE 15~20 Ik, H
ERVEHR . NRORIRE R e, B e — ke
SEIF I ZER D9 1 h, BAAT 45 3R 1 B0 ¥ A RuTi.
RuTiRu. RuTiMn. RuTiCo. RuTiLa. RuTiCe. RuTiln
A RuTIBI HLA . o, RuTi R Ru 5 Ti (4
R E A 3:7, RuTiRu B KR Ru 5 Ti M 1
wHIL N 5:7, HA RUTIX HIRER Ruy Tiv X 4%
FIg LA 3:7:2,
1.3 HERFRESMIR
131 #ME5F AL

KA ISM-1T200 B34 v R (SEM) g
EAHOGIE (EDS) #EAT RuTiX 2% M 5000 22 /1
TCER AT, K X S ZAT A (XRD) 4341 RuTiX
PN 2 T U )25 ) it AR 45 4
1.3.2 @A AE MR

A R4 CHI660E LAk % AR ik I RuTiX HL ik
AR RE . R =W &R, Bl 20 mmX 10 mm
(1 RuTiX HARAE N TAERI, 25 mmX25 mm ] Pt Jv
YERXTHal, MEFIH R BARAE S L, FR e T
AL HA RN 0.5 mol/L B R VA T . FI FH £k R 22 11
% (LSV) Ml & RuTiX HL R BT S A AR S Fa A
FIFAE AR 2232 (CV) MRAAS [F) RuTiX FLAR [ FL AL 2
TEPETHAR, 23 A AR TH SR B o
1.3.3 AT AH ALK

K B R SR BRI RuTiX HE MR () #r &P BE
SLE AL E WA 1 PR, AN RuTiX Ak CLAERA

J92.0cmXx2.0cm), AR CTAEHF )Y 4.0 cm X
4.0cm), HLHRAIEE N 2 cm, TEHMERCN 3% (REDHD
NaCl ¥4V« HLI % 5 4 1500 A/m? (19 461 K Hfi# 20 min,
WA 1L, 1HiR 25 °C, BEAPiHE

(V)

cm

(Bt

ue

1 i B s

Fig.1 Diagram of setup for chlorine evolution test
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2 AFRARK SEM A
Fig.2 SEM images of different electrodes: (a) RuTi; (b) RuTiRu; (c) RuTiMn; (d) RuTiCo; (e) RuTilLa; (f) RuTiCe;
(9) RuTiln; (h) RuTiBI
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Fig.3 EDS element distribution maps of different electrode surfaces: (a) RuTi; (b) RuTiRu; (¢) RuTiMn; (d) RuTiCo;
(e) RuTiLa; (f) RuTiCe; (g) RuTiln; (h) RuTiBi
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Fig.4 XRD patterns of different electrodes
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Fig.5 Cyclic voltammetry curves of different electrodes
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Table 1  Chlorine evolution potential and oxygen evolution

potential of different electrodes at 10 mA ¢m™

Electrode ¢ce (vs. SCE)/V  ¢oe (vs. SCE)/V  |pce— @oellV

RuTi 1.1230 1.1749 0.1519
RuTiRu 1.1275 1.3021 0.1746
RuTiMn 1.1141 1.2574 0.1433
RuTiCo 1.1213 1.2658 0.1445
RuTiLa 1.1150 1.2753 0.1603
RuTiCe 1.1216 1.3010 0.1794
RuTiln 1.1085 1.2752 0.1667
RuTiBi 1.1055 1.2544 0.1489
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