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Fig. 1 CV curves of Ti/Ru0O,-TiO, electrode in different

electrolytes at scan rate of 5 mV/s

2.2 DIRFHES T

FRE R L LT3 B At R ok AN R
BPERE bR . Al S RN ) R 1 [ ) D6 R A K
Bn N FH R 8 b8l dE 0 @ Ay AR A
HI B (1 B 1 2 88 (B R ) 5 2 S5 (P) :

s G WHHZE: AV IR ZHALE L g*h
KRRV s v R . AR 7 FR(6)FI(7) v 5
1) R SR )y 20 8 B 485 RO B B, i ith ekl
Ragone &k, Wl 2 s, HRTE 3 PPHfE T L
RESE 3B L D) 2R R s/ . o, A R 2 285
I, 7E Nap SO, ¥ 3R BE i 235 L3/ T A i el
fiF U, 1X 557 Nap SOy FAAME P A8 A0 BT IR IR P 2005 1 oK
RETS BIARUF (0 R 5. XLETE NaOH Al H,SO, HLfif
W H 3k 4 Ragone &k KRB, 7EAK T2 % & X [A]
(<5418 W/kg), HLMAE NaOH HLfRE e 3R 13 5 i 1
REm S, MR E M E T 5418 Wikg B, HARAER
PR BB IR E R S . X — IR S HiFh
fiE P BB 1 IR AR LA - R ) K. Wk 1
FTos, fEK PR Na -2 (5T 4 AT H 2
GET 9A), eI T ABCEN, &R
SEFRTE AT RS 2R 2 R TR A B, DR, RRTE AR
R E A B PR, BRI N ET
¥, RN SRR 2RI, Bk, n3kegE
FIRRE RS B DA it iy, R A RO P e
TR, R er £ R AR A R T, DRI RS IS
HL A ) FNAE LR T RS B8 ) A e F R ) L
REEMOCHE. IR 1 AL, H TS HERIT
Bere i3 T Na 85711, D, mIhes ey,
FEL BTt 2 PR T AR A B v PR R 2% 8 o

5
e " — 0.5 mol/L Na,S0,
* — 1.0 mol/L NaOH

= 4 — 0.5mol/L H,SO,
2
g
R
(=}
Q
Q
h=
3
o,
wn

103 -

40 60 80 l(I)O léO 14I10
Specific energy/(W+h-kg™)

B2 A A TU/RUO,-TIO, Hi B ) EL 3% 15 L i

B AR

Fig. 2 Relationship between specific power and specific

energy of Ti/RuO,-TiO, electrode measured in different

electrolytes
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Table 1 Tonic radii, conductivity and mobilities of H' and

Na" in infinite diluted aqueous solutions!'”

Ton Size/A Conductivity/ Mobility/
(10 m*S'mol ") (10 m*s-v1h
H' 9 349.7 36.24
Na" 4 50.08 5.19
23 RimBEIES
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Fig. 3 Nyquist plots and electrical equivalent circuit of Ti/RuO,-TiO, electrodes measured in different electrolytes: (a), (c) Nyquist

plot; (b) Electrical equivalent circuit
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Table 2 Electrochemical parameters of Ti/RuO,-TiO,

electrodes as calculated from EIS data

Cdl/ CF/
Electrolyte  R/Q 2 R/Q - Z, 5
ectrolyte (mF-em?) (mF-cm )
0.5molL 5153 0.000502 1723 08303 03276
Na2804
LomolL 4 227 001947 09076 09642 0.6607
NaOH
03molL 2066 0.00231 07684 1.637  0.6825
H,S0,
0.8F 0.5 mol/L H,SO,
04

0.5 mol/L Na,SO,

Potential/V
IS

1.0 mol/L NaOH

0 40 80 120 160 200

Time/s
B4 WREERN S mA/em” W HBAEA R B R 1E
L FE T HL T 2%
Fig. 4 Constant current charge—discharge curves of Ti/RuO,-
TiO, electrode in different electrolytes at current density of

5 mA/cm?
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GFITATE o (H 2 55 BL NaySO, v A FR AR AN, LA
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(1) P Hs — I 7] il 2 AN R DG R 11, s AL WAl A
H,SO, ¥R NaOH 3 I 8 A J5 e Y. 4iE 2% L A HE
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T A SR R R AR, SPREMR 2 i 45
R RAEBoE e VHE BRI LR G, e
LRI, AR C=I(Apm)(H 1
TR IR R, As ¢ EORIETE, s Ap SEHUN %
B, Vi m AL AN Ti BRI A7 1) RuO, ¥,
g), WHEERMER 3 PR, 7F H,SO, % f1 NaOH ¥
TR LU HLZEAHIE , #8328 i T DA NapSO4 A HLMF I LE
HIZ% .

£33 HREEN S mA/em® N HLHAE AN A AR AR K LG
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Table 3 Specific capacitance (C;) of Ti/RuO,-TiO, electrode
calculated from discharge curves measured in different

electrolytes at current density of 5 mA/cm’

Electrolyte CJ/(F-g™)
0.5 mol/L Na,SO, 335
1.0 mol/L NaOH 578
0.5 mol/L H,S0,4 550

2.5 EIRFEHEREES T

FEL AR PRI P 70 T30 FRL R 2 A 2 458 Pl 2 A A2 1
TN M EZSG bR B S BisA Ti/RuO,-TiO, Hibk
TR — R FIEE 2000 KAGFR AR 2 th k. B S(a)Fin A
DL Na SOy %k Ha il 3 AR 2 th 2. Al S(a)
H] DU, A8 R IR 2000 RS, JLAEERR
L INERIEAANAR, BT HAAE Na,SO, Wil P A AR
o MAE HySO, VWA NaOH VW H I 2000 M
WEEE R 100 mV/s), H g mai el Bai/s . i
B TR, 4207 2000 RAGHR 7S BOR MRS, Hibk
7517 Nap SO, W A 55 i 1A e 1k, 47 HURE I A B
B 3%;: VE HySOL ¥ BUNBEE NaOH ¥, Hitk
(RAar HELRE ) 20 ) B T 17%A01 29%
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PEIR 56 i 5 IR T TS SEM 1% . B 6(a) T B ik
FEM R IESLE, SR “Yeze” JES. 1 6(b)
JT 7 A AE NapSO, LA I 2000 URARFR 78 15 B fs
AUPRIEES, S5E 6Ll JLTEA X5,
VLA TE RuO,-TiO, AR 21 Nay SO HUMF A K AE B
BHERIG . K 6(c)PT7s A NaOH HLHE ik
2000 RAFFR 78 5L S AR JZ RS, 51 6(a) At
L6, RuO,-TiO, W24 TNy, JUH RGN A
AFARH BN, W RuO,-TiO, )= 4E NaOH ¥l
Hh S IS AR AR A, RITZEDG A 70 8 r o R A A
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Fig. 6 Surface morphologies of Ti/RuO,-TiO, electrodes before and after charge—discharge cycling at different electrodes: (a) Fresh
sample; (b) 0.5 mol/L Na,SOy; (¢) 1.0 mol/L NaOH; (d) 0.5 mol/L H,SO,
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/Iy BEH RuO,-TiO, ¥ EAEM B ANV AN R AR AR 3%
IR, X5 SEM B b gl R —3. 7F NaOH ¥
W MRREIA A BCRNRS, WRER AT R TR E
LI TR, B RuO,-TiO, B AR IZ 1
NaOH KA ™ FE (g, A5 5 AT 5 w7 Js ik
JEIN 2 ZFE(EAh o RIFERT AR 2, 7E HoSO, Wi
MRRJTIRARFEIBOR S, SR 23R 10 AT B TR
L E R, 454 SEM A, A NERIEAEIR
VIR TP R A T ) L, A P v e T R TR
(2 2 5 ok

R4 PRI TF A IKET S AR AR 231 Ru A1 T EE
IRLL
Table 4 Mole ratio of Ru and Ti before and after charge—

discharge cycling in different electrolytes

Electrolyte n(Ru):n(Ti)
Fresh 25.1:74.9
0.5 mol/L Na,SO, 25.9:74.1
1.0 mol/L NaOH 29.2:70.8
0.5 mol/L H,SO4 31.3:68.7
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Fig. 7 XRD patterns of Ti/RuO,-TiO, samples before and

after charge—discharge cycling test in different electrolytes
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3) 7E 2000 XAEH it 72, RuO,-Tio, A4k
VIR JZAE BRI AR TR H A VBCRT k : S A 1 B A 94 5 1)
R B () SRR T, 5350 2000 ARG 78 J5CH S AT

HLBE 0 R I T 17%F0 29%; T LE G FR BN 5
KA, BRI R e, MHREEIN
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Effect of electrolyte on capacitive performance of
Ti/RuQO,-TiO, electrodes

CHEN Zhi-jie', ZHU Jun-qiv’, SHAO Yan-qun', YI Zhao-yu', TANG Dian'

(1. College of Materials Science and Engineering, Fuzhou University, Fuzhou 350108, China;
2. College of Materials Science and Engineering, Xiamen University of Technology, Xiamen 361024, China)

Abstract: RuO,-TiO, coating were prepared by thermal decomposition method on pure titanium TA2 substrate at 270 C.
The supercapacitor behavior of RuO,-TiO, coating was investigated by cyclic voltammetry(CV), electrochemical
impedance spectroscopy (EIS) and charging-discharging test in 0.5 mol/L H,SOy, 0.5 mol/L Na,SO, and 1.0 mol/L NaOH
electrolytes, respectively. The results show that the Ti/RuO,-TiO; electrode has low charge transfer resistance in acidic
and alkaline electrolytes, and the specific capacitance of 550 F/g and 578 F/g are obtained in these two electrolytes,
respectively. Conversely, the electrode has relative higher charge transfer resistance and lower specific capacitance (335
F/g) in neutral Na,SOy electrolyte than that of in acidic and alkaline electrolytes. However, the electrode losing 17% and
29% of the maximum capacity after 2000 charging-discharging cycles in acidic and alkaline electrolytes, respectively, but
just only 3% lost in neutral Na,SO, solution. Combined with the SEM and EDS analysis, the electrode is hardly corroded
in Na,SO, solution, thus exhibits good cycle stability. In contrast, Ti/RuO,-TiO, electrodes occur serious surface
corrosion in NaOH solution, while occurring serious pitting corrosion in H,SO, solution. Severe corrosion results in a
significantly reduction of active substance, and thus reduces the charge capacity of the electrode.

Key words: supercapacitor; oxide anode; electrolyte; reaction mechanism
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