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Abstract: The Ti/RuO, and Ti/Ru-La-O oxide coatings were prepared by thermal decomposition of the metal
chlorides in the precursor solution. The specific adsorption of CI” on coatings, the effect of La on the chlorine evo-
lution reactions (CIER) and the kinetic mechanism were investigated by using differential capacity (DC) and po-
larization curves (PC). Results show that the coating surface exhibits significantly specific adsorption of CI in
NaCl neutral solution, which has an influence on the kinetics of the chlorine evolution process, resulting in an in-
crease of the Tafel slope and a decrease of the reaction order. The addition of lanthanum reduces the overpotential
of Ti/RuO, coating and enhances the exchange current density, which improves the chlorine evolution reaction of
the coatings. Both kinetic mechanisms of recombination and electrochemical desorption of adsorbed intermediate
species for the coatings are comparatively studied. It is confirmed that the Chlorine evolution reaction on Ru-La-O
oxide coatings in NaCl neutral solution is controlled by the process of 2=S-OCI*—%2=S.0+Cl, .
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Fig. 1 EDS spectra of the Ru-La-O oxide coating
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Table 1 Kinetic parameters of Ti/RuO, and Ti/Ru-La-O oxide coatings for chlorine evolution reaction

Sample a b i v
% Imv P /(MA + cm?) i=1 mA/cm? i=10 mA/cm?
RuO, 1.098 129 0.53 2.825% 102 1.216 1.388
Ru-La-O 0.947 168 0.43 4.378x 102 1.045 1.281

a: Tafel line intercept; b: Tafel slope; p: Reaction order with respect to CI7; i: Exchange current density; #: Overpotentials



54 o ¥, S ETBAE AR BT SR N ) 2 R 497
: 2
sk (@)
/ —
2mol/lL A B
ge LS Imolll &
3 4moll. | 2 Vi
2 1.14 ~~ 5 mol/L g
=12 T
2
1.10 =
6 s 4 3 0.2 0.4 0.6 0.8 1.0
lg (il(A-em™)) 6
(b)
LE3T 2mol/l. |
3 mol/L.
110 4mol/L ~|
8 ~— 5 mol/L 2
A
2 105
2 10
1.00 F
, , , , 02 0.4 0.6 0.8 1.0
26 <05 24 23 4

lg (#/(A-cm )

6 AWK N Ti/RuO, (@) 1 Ti/Ru-La-O (b) AMMIRIZ
1) E-lgi X R &

Fig. 6 Potential-current curves of Ti/RuO, (a) and
Ti/Ru-La-O (b) oxide coatings for chlorine evolution in various
NacCl solutions from 2 to 5 mol/L

-2.0

=~ =24+ Ru-La-O |
_'_a,_o—'—'_'_'_

E ,_/O//Q/

2

< P

= Ru0,

&b __-_____
___I}________tl___

32—

0.3 0.4 0.5 0.6 0.7 0.8
lg (c/(mol-L7%))

K7 SFAWizZ TilRuO, (a)A1 Ti/Ru-La-O (b)i¥ Igi-lgc £ &
Fig. 7 Dependence of the reaction rate for Ti/RuO, (a) and
Ti/Ru-La-O (b) oxide coatings on the CI concentration

e r, Hah i E R sOh:

i = 2Fky60°, exp[2g6c.] (14)
% A AAF I Tafel fh26R1 S N 20 A5 i) A2
_RT| 1+90(1-9)
~F |2(1+gf)(1—6) 15)

K 8 AR¥E Volmer-Heyrovsky HLH[# Tafel 4% 5% 55 )% Aa)
KSR p 5 I AD)TE 9= -2, 0. 5 I R Lk
Fig. 8 Relation between Tafel slope and coverage 6 (a), and
reaction order p and @ (b) for Volmer-Heyrovsky mechanism at
g=-2,0,5
B 2(1+ 99)(1—0)
- 14+90(1-0)

K 9 25 i Volmer-Tafel '~ Tafel &2 s W 25 %1
p LW PR s R 0 KIS AR hE . AT LU 3,
2400 I}, b=RT/2F=30mV, p=2; 461 It}, b—wo,
p—0. MRHEFATG > A LI AR, T4 1 Wt
MBI FBER N CIPE 3 R AR &, A6 = s
JEIS Tafel #E3 ETF2050m BOME, PG ) 45 R
KT 118mV, MR NEHBZET 1, X451
I R R Volmer-Tafel HLEEZS SIS, UE0IHT
SUSCNE CIFfER I - 45 5 B Cly AR
AR, Hb T La (R AL 2 15U Ry
PEWR P S8 i, 2 Tafel RER MM SN )T
B o UbAh, AIE 9 RTLUE B, BEAE CI* 3 1H 4 o5 FE 1Y
S8, WS BT AR B RGO, SR Tafel &%
AN, XA AR R L 2E RuO, IR R
HATH  Tafel RERM R

(16)

3 4t

AW T A RRIZ TS, LA TIIRUO,



F LM R 3

it %30 3%

498

=

e

=

=
0.2 0.4 0.6 0.8 1.0

0
2
(bR

= 1F .\\_

- e=-2 g=0 a7\
0.2 0.4 0.6 0.8 1.0

K9 K34 Volmer-Tafel HLEE () Tafel #2515 7 75 & @) K s v
P p L Ab)TE 9= -2, 0,5 B LR Mk

Fig. 9 Relationship between Tafel slope and coverage 6 (a),
and reaction order p and @ (b) for Volmer-Tafel mechanism at
g=-2,0,5

WREAE R H, T Oy AR AR A i 4 4 S e 4
ARWFFCT R R R R . La X7 S0 Y.
()5 M0 S B S R LRI BILER, DAk NaCl (1) rp PRV
b, RARCRTIIAAAE CURRARF RIS BT, S Aoy e MR B o0
MU NI B 2 A2 T 5, 2L Tafel &% LTt
RVRHCR . DI La Al HIAR 1 i R, A4
PR S BE G OR, IR AT R T M U SR N R EAT o AR S
AT Volmer-Heyrovsky 1 Volmer-Tafel #LEL ¥ L
BT, WTUOANA, RAZEADERE T & R N
54 Volmer-Tafel HLELRLFE .

2 % Lk

[1] PETKOV L. Electrooxidation of chloride systems. A review. Oxid.
Commun, 2009, 32(3): 654-677.

[2] EXNER K S, ANTON J, JACOB T, et al. Chlorine evolution reac-
tion on RuO,(110): ab initio atomistic thermodynamics study-
pourbaix diagrams. Electrochim Acta, 2014, 120: 460-466.

[3] JANSSEN L J J. The mechanism of the chlorine evolution on dif-
ferent types of graphite anodes during the electrolysis of an acidic

NaCl solution. Electrochim Acta, 1974, 19(6): 257-265.

(4]

(5]

6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

KUHN A T, MORTIMER C J. The kinetics of chlorine evolution
and reduction on titanium-supported metal oxides especially RuO,
and IrO,. J. Electrochem. Soc., 1973, 120(2): 231-236.

JANSSEN L JJ, STARMANS L M C, VISSER J G, et al. Mecha-
nism of the chlorine evolution on a ruthenium oxide itanium oxide
electrode and on a ruthenium electrode. Electrochim Acta, 1977,
22(10): 1093-1100.

DENTON D A, HARRISON J A, KNOWLES R I. Chlorine evo-
lution and reduction on RuO,\TiO, electrodes. Electrochim Acta,
1979, 24(5): 521-527.

CONSONNI V, TRASATTI S, POLLAK F, et al. Mechanism of
chlorine evolution on oxide anodes study of pH effects. J. Elec-
troanal. Chem., 1987, 228(1/2): 393-406.

ARDIZZONE S, CARUGATI A, LODI G, et al. Surface structure
of ruthenium dioxide electrodes and kinetics of chlorine evolution.
J. Electrochem Soc., 1982, 129(8): 1689-1693.

JANSSEN L J J, VISSER G J, BARENDRECHT E. Effect of mo-
lecular chlorine diffusion on theoretical potential-current density
relations for chlorine evolving electrode. Electrochim Acta, 1983,
28(2): 155-163.

ZHANG S J, DU A L, XU L K, et al. Study on deactivation be-
havior of metal oxide anode at differernt seawater electrolysis
temperature. Rare Metal Mat. Eng., 2013, 42(12): 2613-2618.
BURKE L D, O'NEILL J F. Some aspects of the chlorine evolution
reaction at ruthenium dioxide anodes. J. Electroanal. Chem., 1979,
101(3): 341-349.

FAITA G, FIORI G. Anodic discharge of chloride ions on oxide
electrodes. J. Appl. Electrochem., 1972, 2(1): 31-35.

ERENBURG R G. Mechanism of the chlorine reaction of rutheniu-
mtitanium oxide anodes. Soviet Electrochemistry, 1984, 20(12):
1481-1486.

KRISHTALIK L I. Kinetics and mechanism of anodic chlorine and
oxygen evolution reactions on transition metal oxide electrodes.
Electrochim Acta, 1981, 26(3): 329-337.

AUGUSTYNSKI J, BALSENC L, HINDEN J. X-Ray photoelec-
tron spectroscopic studies of RuO,-based film electrodes. J. Elec-
trochem. Soc., 1978, 125(7): 1093-1097.

CONWAY B E, NOVAK D M. Chloride ion adsorption effects in
the recombination-controlled kinetics of anodic chlorine evolution
at Pt electrodes. Journal of the Chemical Society, Faraday Trans-
actions 1, 1979, 75: 2454-2472.

KUSMIEREK E, CHRZECIJANSKA E. Use of the
CeO,-modified Ti\TiO,-RuO; electrodes in oxidation of acid or-
ange 7. Przem. Chem., 2012, 91(10): 2038-2043.

GAN W P, LIU J Y, LIU H, et al. Characterization and electro-
chemical properties of RuO, film electrode on the inner-wall of

tantalum shell for capacitor. J. Inorg. Mater., 2010, 25(8):



5 5 ] Je B, SE BTSRRI UM B ) o LT ST 499
882-886. Mat. Eng., 2014, 43(5): 1133-1137.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SUN J M, WANG X, WEI Z P, et al. Effects of sintering tempera-
ture on Ti/RuO,-CeO, electrodes applied in super-capacitors. J.
Chin. Rare Earth Soc., 2011, 29(6): 718-723.

NOWAKOWSKI P, VILLAIN S, AGUIR K, et al. Microstructure
and electrical properties of RuO,-CeO, composite thin films. Thin
Solid Films, 2010, 518(10): 2801-2807.

FAN N J, ZHU P X, ZHOU S G, et al. Optimization for prepara-
tion technique of Ru-La oxide coating titanium anode by orthogo-
nal design. Hot Working Technology, 2014, 43(12): 160-162.
MURAKAMI Y, KONDO T, SHIMODA Y, et al. Effects of rare
earth chlorides on the preparation of porous ruthenium oxide elec-
trodes. J. Alloys Compd., 1996, 239(2): 111-113.

LONG P, XU L K, LI Q F, et al. Effect of microstructure on elec-
trochemical activity of Ru-La oxide coatings on Ti substrate. Rare
Metal Mat. Eng., 2013, 42(6): 1185-1189.

LONG P, LI Q F, XU L K, et al. Electrochemical impedance spec-
troscopy (EIS) study of Ru-La oxide coatings in NaCl solution.
Acta Chim. Sinica, 2012, 70(10): 1166-1172.

LONG P, XU L K, XUE L L, et al. Voltammetry behavior of

Ru-La oxide coatings on Ti substrate in NaCl solution. Rare Metal

[26]

[27]

[28]

[29]

[30]

[31]

BURROWS | R, DENTON D A, HARRISON J A. Chlorine and
oxygen evolution on various compositions of RuO,\TiO, elec-
trodes. Electrochim Acta, 1978, 23(6): 493-500.

VALETTE G, PARSONS R. Adsorption on well-defined solid
surfaces chloride adsorption on a (110) face of silver. J. Electro-
anal. Chem., 1986, 204(1/2): 291-297.

DAGHETTI A, LODI G, TRASATTI S. Interfacial properties of
oxides used as anodes in the electrochemical technology. Mater.
Chem . Phys., 1983, 8(1): 1-90.

Fofej- gl 22, hrHrAR e, AR IVE SRR . 5
iR AbT AT H A AL, 2005: 571.

NOVAK D M, CONWAY B E. Competitive adsorption and state
of charge of halide ions in monolayer oxide film growth processes
at Pt anodes. Journal of the Chemical Society, Faraday Transac-
tions 1: Physical Chemistry in Condensed Phases , 1981, 77:
2341-2359.

TAKASU Y, ARIKAWA T, YANASE K, et al. Preparation of a
novel Pt-RuO,\Ti electrocatalyst by use of highly porous ruthe-
nium oxide support prepared from RuO,-La,Oz/electrode. J. Alloys

Compd., 1997, 261(1/2): 172-175.



