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8§ ZFE: Ll RuCly3H,0 /KA BITRE, KA BER-—RZ K4 & BT AR, 85 58 Hub 3 T 24 4
RO 2% FHAHZE RuO,nHLO S FUAR AL . I X SHERATHHY (XRD). ZL4M6HEY (FTIR). Z#A T4 (DTA). H
FHBEE (SEM)FI AL Z AT, BIFFTRTIR A RuCly cHo0 #4624 RuO, nHO FIPAIE AT 4 LA KON A 2L 3
TR ek Re . S5 R BEG AALBIRE A, AT9KIK RuClycH,O i 4 30 R NHEAZ B RuO, nH,0 #ER; 1%
IS JJ3 T 52 T 11 e PR G5 ) (R 5625 . 4 300 °C FAARFEFY) RuO,-nHLO M FERAA AL A B437 IR 5 4 2.5 mg/em?,
LLHL AR IA S 512 Flgs A EFIIE R S mV/s B2 250 mV/s B, JLELEZ FBE 34%.
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Preparation, phase transition and cyclic voltammetric properties of
RuO,-nH,0 film

LIU Hong, GAN Wei-ping, GUO Gui-quan, LIU Ji-yu, LI Xiang, ZHENG Feng

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: As a good electrode material for supercapacitor, RuO,-nH,O film was deposited on tantalum foils in aqueous
solution of RuCl;-3H,0 by galvanostatic-differential pulse voltammetry and heat treatment. The phase transition, surface
morphology and cyclic voltammetric performance from precursor RuCl;-cH,O to amorphous and crystalline RuO,-nH,O
of the developed film were studied with X-ray diffractometer (XRD), infrared spectrometer (FTIR), differential thermal
analyzer (DTA), scanning electron microscope (SEM) and electrochemical analyzer, respectively. The results show that
the precursor RuCl;-3H,0 film transforms into RuO,-nH,O through four reactions, including one from amorphous to
crystal phase change with the increase of temperature. After being heat treated at 300 “C, surface mass of the RuO,-nH,O
film electrode material is 2.5 mg/cm? with a specific capacitance of 512 F/g. The specific capacitance of the RuO,-nH,0
film decreases by 38% when the voltage scan rate increases from 5 mV/s to 250 mV/s.
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AR Fer AR A AE LB, BB 2 F 388 1T 40 UL
HLAC S ME B SR HE(ED) HL A s o XUFD )23 A 4 A T B
FAPRME A0, Bl 200 Flg KA. R4
L2448 ] RuO,” . MnO,®, NiOPMHI SnO,! 4% 4>
JESEAIE R A, B B AR A I DS Y S B TR
Jich . o, RuO,H,O HIARAA KL L 2% sk 700
F/g, WL KL SRR AR IR 3 £, L I L e b
MR 1 AR (RO IR i b M RedR e, il
PR LA A Ko I, RuO,-H,0 2 H AN
Tt ReB g i A AR e e e A R, R
Hh A st A R AR P SR

RuO, H,O  HAR I PE i A2 4 5% i 0 Hh 75 05
PRPERER = 2N 22 RuO, HoO B 20 H 28 B il Jli A
1) 50%LL Fo AFETEARL T RuO,HO (1 LG LA
TR K RTIMILE I RuO,HO HIMd R, bk
RIZTEH D R RES 5 PO T I e SR R v
R 45K RuO, A EL, 1 56 2% 5 £E 62 11
RuO,-H,0 "' H ¥ #l. Kk, TR RuO,H0 H
WA RLEAT R L2 Har, AT At
BHO ATy TBEN B SR AN Sol-gel
35 PR VD YR SRR B A S i T VR
#% RuO, HARAM B, WL G/K &SRB, I
RFE, H RuO, A UK F Sol-gel i % RuO,,
MBI 12 CVD WEHl#% RuO, #ifEE, S W [A]
K, AEHREA: BT &R & E R, KA
RuCly:3H,0 /KA BRI # RuO, HoO B,
FRAS FH R A o H TRV T 2% 1R ) A= 9 B R 43 Sk
RuCly-cH,0, Bt J8e s, LhHaga, B it 4
AL ILEEAR Ay RuO,nHL0, DA BSG5 BEA J Fl i
P 7T, R, 25 AR HEE 5 3o R 4 A RuO,'nHL0 i
th, SEERPGERRR. Ak, ASCHEE R R
U %% RuOynH,O B85 A1 Rl WF 90 78 1 3%
RuO,'nH,O 5 i) £ ik B P iy KA %42 25 RuO,:nH,0
YA AT Jy s WF PR EE FE F RuO,nH0 HHE
SE T G5 K6 1) it A 245 R YA TR B4R N RuO, nHL0 FAIA A
NS 1

1.1 $ESEERRYFRAbIE
B4l 499.95% 1) 4 JE A SE U RN <) 915 mm X
15 mmX 0.1 mmAIAEN, FGAIRDACIT BEG, TRER

Brit, BRI EI70~80 C IR0 min, TRARRIG
VE40's, P2 B TR A BaE VR R A

1.2 $EESWETEEMTIE

oG, BUHI3 mmol/L RuCly3H,OF1200 mmol/L
NaNO; IR G, LniristEiErl: AR5,
DUA S5 g B, 4@ s R BIAk, R E iR 2 ik
MALA YRR, JeHI3 mA/ e B HL IR T
F10.5 h, SRR IR ZE kit TR 2.5 b, HL R ik
FEEEN10 s, kA WIRN20 s, $RIE40.02 mA/em?,
R AW 25 8 0.01 mA/em?, & LIRS A
6 mA/em’. JUFAZRAFRUC]; cHOM IR T IR A4, 28 4R
T, ££0.5 mol/LI¥JRuCly-3H,0 5 P BE v M R 247,
WRIG, 2100, 1504 200, 300. 40071500 C Ak
B, GRS TER2 h, THETEZE K10 Cls.

1.3 EgEM

43 IR FHD-MAX 2500X 5 26 i 5%« Nicolet 380
ZI A4 . SEM (Sirion 200) 144 HL i FISTA 49C %
PO HT O RSAR S A 250 B Rel. O ESR
I R FEREAT 28T FHCHI 660C HL Ak 2% AR A6
FEREL I R 2E M RE AT DR, SRR AR A Ay B B
MR, R IR W TR FEARAE A S L Ha A, 1 JERuO,nH,0
FERRAE A TAE A, HLARVRCA 0.5 mol/ LI H,SOL A -

2 HREUE

21 FMEFIR

HL R 2% TR R uCls-cH O 7 I i 0% S5 40 6 1)
SO 1Sy, W ENE I R HEFRuC;-cHyO %6 78 B
RuO,nH,O, FEMs MG A, $Embta )y, 1
S TS I L AR AR M o A VR B T v, b
RuO, nHOM 45 i /K &, S Ab™ L, FRAR A LY
L, SZGAR IR, R ) e AR FEEL FE 300 °C
BILET R e A T . S ISEMAR . A SR IET
Je MO E SR A B () T, LR 2 IS
IR BERTIALEE M, B G, TR RIS
B AR T LL6 C/minTHE ZE300 CJR i
Lh, SRJGBEAHY, S5 R IR BRIR LA A B
H/NT1S pm AR KRR 2516 (B 1(b)), ML AT
St 5.4 mg/em*fEAKE12.5 mg/em?, AR VAW IR
A i 2zt ge s . B 1) A E1(b)
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Fig.1 SEM images of film: (a) After being dried in air; (b) After being heat treated at 300 ‘C for 2 h; (c) Cross section of (b)
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B2 ARG AL BB XRD #
Fig.2 XRD patterns of film materials treated at different

temperatures
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Fig.3 Infrared spectra of film materials treated at different

temperatures
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Wi R BRAR L B B A o 75 2 065 em ' T 1 655 cm™!
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FRAEW . JHEARZE 100 "CH1 300 CAbFE SR, A AMgi
HANAEAERE I RAE N, RIS O AT e I,
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T DA X IS4 IR ) (AR G R R AE T AR k. Bk RT LA
HEWT, Bl WL R, AT (1 e DA I 43 52 A
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Fig.4 DTA curve of film in air

1) SENBHER
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AR . W XRD %040, L Ru KT
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T RuClycH O [ b, ¥ e N B S A R
Bg, MIMF=AEREET, BT, TRV 126.8 “C# 220 C
ARSI RSy
0,+Ru(OH),+CH,CH(OH)CH, —
(CH,COO), Ru+(HCOO);Ru+Ru+H,0 1 (1)

SE(1)BEA % 1 mol FUJFTET TR R #E R 312.6 kI
3) RuClsy-cH,0 #1%}) RuO,-nH,0
M 126.8 ‘T3 220 CAEFHGEREF, £71E 2 MR
N o T X FEATHS BT AT g0, AR 150 °C I
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S ()8 E R 1 mol RuOynH,0 Wi i FiEh 30.21
kJ.
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Fig.5 Cyclic voltammetric curves of film as function of scan

rate
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Fig.6 Relationships among voltage scan rate and specific

capacitance and peak current of cyclic voltammetry of film
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Fig.7 Effects of heat treatment temperature on specific

capacitance of film electron materials
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2) BEFEHLE TS, RuCly-cH,O 8 & A= 7 74
WA R . R AER A RuOynHO . JE BB R 4T
RuO,'nH,0 K245 8K 4 DRV R @A RuO,.

3) & 300 CHAL B AL AR BT R 2.5
mg/em?®, JEEAN 5.6 um, LEETEREEAE. R
LA Bt A R 2R R i B B R
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327 Flg, ¥ 34%.
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