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RuCl, ( FGAEALTHRA R, B8 37%) ; TIN DKEHA (B RETF R 90K R K R A R 2
Al SFYPRLEE 20 nm) ; PACL (_ HIBEARAL TABRAF], Pd BT 53%059. 5% ) ; Nafion ¥ ( 3£ Aldrich
ANTFE, FRSECN 10% ) 3 HAGERIE o Hral, A =k 28 8K Be il

FHl PHOENIX % X HEfEi%4% (Edax 2 @) #8457 EDS i & ; A D8 ADVANCE B X 52k 47 SH% (i
Bruker 24 7)) #47 XRD Ml &, DL Cu Ko SMEFERIER ; FH JEOL JEM-2010 #4355 5 H 7 8. 5 e ( H ASHL 7~
PR 2xtt) 47 TEM Wi, Hufb2= 5000 7E PAR 273 A RUEHLA (Y kAT
1.2 Pd/Ru,Ti,_ O, BHLFIHF &

ANA] Ru 0 Ru, Ti, 0, (x=0.2, 0.25, 0.3) /& LA RuCl, FI TiN G004 N JFORL, 2 B8 SCilk
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M TERTRH. 58 FRPER, 224684 Ru AR &E. &5, 78350 €2 kess
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ZIRSCHR[ 13,14 ] 19078, SRR ME JFUETE Ru, Ti, 0, 49Kk K #H2% Pd. B 0. 0336 g PdCl,
JAE] 3.0 mL 0. 24 mol/L HCL WY, MR, IN#AZE & BR 223843 7K 53 F0 HCL 5, F9IA 1.0 mL
IE TR AR SRIEARUIA 25 mL Z 8%, 0.20 mL 2 mol/L EER#AFI 0. 50 mL 0. 5 mol/L KOH V&,
1BA), FAA0.0800 g £78KE A ALK, B4 53030 min. 7E 700 W R b H T 40% DT gk
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Pd/Ru,Ti,_ 0, #EALI.
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mg/cm’. JH 0.5 mol/L HCOOH +0. 5 mol/L H,SO, IR W AWM, TAERE k.
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Fig.1 EDS spectra of Pd/Ru, Ti,_, O,
(A) x=0.3; (B) x=0.25; (C) x=0.2.
Table 1 Element contents of Pd/Ru,Ti, _,O,

System Mass fraction of Pd( % ) Molar fraction of Ru( % ) Molar fraction of Ti( % )
Pd/Rug, , Tig 50, 19.28 6.02 25.94
Pd/Rug 25 Tig 50, 19. 60 7.31 23.04
Pd/Rug 5 Tig 50, 19.37 9.03 21.57

5L AL T S5K Pd SRR (111), (200), (220) . .
F(311) By SRS XTI, KRBT Yy Pd LA © Rutile TiO:

LS TS A e 5 S 4T
TiO, HIFRETE A B A — 5, (AT B Ru 5%

RuO, MAFHEAT S, | F Ru* A Tit B 1248 b
FHIE, H RuO, I TiO, [AJE L0 itd, — & Z[H ¢
AT A RCE S, IR LI SE Ru, Ti, O, LLRTA e
) 10 20 0
PRI KA E . 26)
BRI A B ALY B — B BRIR DR 1A, HAR Fig.2 XRD patterns of Pd/Ru,Ti, _,O,
10 ~20 nm, GUKBHRR Bt B’ 3 ok a. x=0.3; b. ¥=0.25; ¢. x=0.2.

Pd/Ru,Ti, .0, B TEM &4 HHIEH . WK 3 m] L, Pd R F2rBCZEREIR Ru, Ti, .0, #AAKTH, 2% Pd Fi
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A 78w e33R g P K 3(B) FI(C) 1, 1 E. Pd 25 [ IR 9K B AR (1) 22 m S 4. Pd AGFH IR S
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Fig.3 TEM images of Pd/Ru Ti, O,
(A) x=0.3; (B) x=0.25; (C) x=0.2.
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Fig.4 Cyclic voltammograms of 0. 5 mol/L HCOOH in Fig.5 Chronoamperometric curves of 0. 5 mol/L
0.5 mol/L H,SO, solution at the Pd/Ru,Ti,__ O, HCOOH in 0. 5 mol/L H,SO, solution at
catalyst electrodes the Pd/Ru Ti, _ O, catalyst electrodes
a. x=0.3; b. x=0.25; ¢. x=0.2. a. x=0.3;b. x=0.25; ¢. x=0.2.

K5 A Pd/Ru,Ti,_ O, itk E 0. 5 mol/L HCOOH +0. 5 mol/L H,S0, IRGF, HAEELE
0.1 VAyiFmriiMh<e. s 7T, 78 Pd/Ru, i Ti, ,0, AL HLEE b 75 1000 s I A HL R4 0. 9
mA/cm® (5 fiZk ). M x 2 0.25(& 5 #ik b) F10. 2K 5 fh<k o) i, AR AYHL B AN 0.6
0.4 mA/cem’. S55FRM, BEGMEALFIZIAR T Ru &5 a3 e, A B R i fa f Ak R e s, o
Pd/Ru, s Ti, , 0, AL H AR AY d i RS e Py JRIRJE Ru & @ A3 R S A R4, i . Ru
A7 AE BEIR BEK A M B B, JE B 18] 4 Ru—OH, RESEALIRETE CO, Mifiss co RIFRLrE ">, BF
DL Ru, Ti,_ 0, " Ru 198 0 24w f Ak i A vk RE ARG e k.
3 & #

=A

il % 1 Pd B ECN 20% 19 Pd/Ru, Ti, O, HEALH]. M4 RR 0, Pd 9K 0K 23 e BA 4
LA RYEAR Ru, Ti,_ 0, &M, Pd FHERES Ru, Ti,_, 0, " Ru & REICK; H Ru, Ti,_,0, H
Ru 7 5 235 M A0 006 H R S Ak A FRL A A B PE RIS 1, Ru A B 3 2 38 s Ak 70 i fie Al P g
FIREME. 2 =0.3 B, AT B I AU R (1) 0 L 3 2 B2 1T 5K 54 mA/em®; FRAVEE S 0.1 V
i, 1000 s BFAYHLIRZE B2 0.9 mA/em’.
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Preparation of Ru, Ti, __O, and Its Electrocatalytic Performance in
Oxidation of Formic Acid

KONG Xiang-Feng', SHEN Juan-Zhang®, LU Tian-Hong® ,
LU Yong-Hong', WANG Wei', FAN Xin-Zhuang', XU Hai-Bo'"
(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and
Chemical Engineering, Ocean Universiiy of China, Qingdao 266100, China;
2. College of Chemistry and Environmental Science, Nanjing Normal University, Nanjing 210097, China)

Abstract Nano-powders of ruthenium-titanium composite oxides with different Ru molar ratios( Ru Ti, _ 0,)
were synthesized by TiN impregnation-thermal-decomposition method, and then 20% ( mass fraction) Pd was
deposited onto this nano-powder by microwave deoxidization method. The so-obtained electrocatalyst
(Pd/Ru,Ti,_,0,) was used as anode catalysts for direct formic acid fuel cells. The structure and composition
of the catalyst were characterized by X-ray diffraction( XRD) and transmission electron microscopy ( TEM).
The results show that Pd nanoparticles are well dispersed on the surface of the composite oxides with claviform
shape and rutile structure. Cyclic voltammetry (CV) and chronoamperometric measurements show that the con-
tent of Ru can influence the electrocatalytic activity and stability of the catalysts towards direct oxidation of for-
mic acid. Among the catalysts with different Ru molar ratios, Pd/Ru, ,Ti, ;0, catalyst has the highest electro-
catalytic activity and stability.

Keywords  Ruthenium-titanium composite oxide; Direct formic acid fuel cell; Palladium catalyst;
Electrocatalytic
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