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Novel System of Direct Methanol Fuel Cell Anode Catalysts:
NanoTiO,-CNT-PtNi Complex Catalysts
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Abstract The nanoTiO,-CNT-PtNi complex catalysts were prepared by the direct hydrolysis of electro-
synthetic precursor Ti(OEt), and electrochemical scan electrodepositing method. The results of XRD and
SEM show that the PtNi nanoparticle of average size 8 nm was dispersed uniformly on nanoTiO,-CNT com-
plex film surface. The electrocatalytic activity of the nanoTiO,-CNT-PtNi complex catalysts was investi-
gated by cyclic voltammetry and chronopotentiogram. The results indicated that the nanoTiO,-CNT-PtNi
complex catalysts with Pt loading of 0.32 rng/crn2 exhibited high electrochemically active surface area of 90
m?/g and very high electrocatalytic activity and stability for electro-oxidation of methanol. The oxidation
peak potential of methanol was 0.67 and 0.44 V at room temperature in atmosphere pressure, respectively,
and shifted to 0.64 and 0.30 V at 60 ‘C and the oxidation peak current of methanol was 1.38 A/cm’. The
high electrocatalytic activity and good stability can be attributed to the synergistic catalytic effect of nano-
composite, which leads to the weak adsorption of CO on complex nanostructure catalysts, avoiding poison-

ing of the catalysts.

*

E-mail: dbchu@sina.com
Received January 17, 2005; revised April 4, 2005; accepted July 28, 2005.
5K A AR 25 G2 (No. 2047600 1) FIZ B4 1 ARFR LG (No. 00045317) B B T5 H .



2028 %

»

Eibd Vol. 63, 2005

Keywords direct methanol fuel cell; anode catalyst; nanocrystalline TiO,; carbon nanometer tube; PtNi

alloy particle; complex catalyst; electro-oxidation of methanol; scan electrodepositing

LA BB L (DMEFC) R F B kL, AN
FATRIEEF, M, Wl Tk, 5 T
fif A7 SO0, i EAD T AR MU R =, PR

O i, DMFC B F R BH AR AL — ok P, {HEA
1) Pt AL F AL I H AL T A, HLF A
A TR = 4 Sy A B AR T B A b S R R A
U EE IO BA B AL T — B K DMFC (1) B IR
— oy 2 CRiE T PRu®, PN, PtwO, ), PtSnl,
PtMo™, PtRuMo!"”, PtRuCo!'*'"!, PtRuOsIt!"! & — St fll
Z JCBH B AL FI LA AR Pt R AL, (X S Lk 511
(PR BEAN S MM AN BE R NSE B0 s, A IRAERE Y]
i BERIL T 8 s s I, AEE AT AR PR s ) g 7% 1 R R
R, S BUARAT R AL TE P, (RO fE1L e
TR AR, A% PtSn, PtWO, {EIYEN R AN Fa
SE. PRI, HE—DWF 50 B8 B L 6 R A P A AR A
T4 AR, 41K TiO, (nanoTiO,) EMR . Bl Firh A k)
UF R P, & — R AR AL R 1) F A A 500 R e £ 57 2
PRI B YKAE (ONT) LA RF R 2 . JAVS R 2k
REU VN Pt BT S A a4 m 458 im A i P,
IR FH B AT IRAA Ti(OE), B /K SR afk 2
FIHE TR 14 nanoTiO,-CNT-PINi 5 & 4 KA 44,
7, A/ TEM F1 XRD J5iERIE T 2 G aK ML E
PIRNEER, I8 FARFRR &R B 0T 9T T R Al
KA A FRDGE PRI 480140 1 H A A 3 e AN S e

1 KEES

1.1 RAFIENEE

BT AR A HySO4, HoPtClg, Jo/K ZIE, I, %
B oy Hral, 2 BEmg K (MWCNT) H E K510 2%
AP, Ti &)@ H TA, B4R (20 99.5%). HLABUH —
JOKECH]. HAL 2R CHIG60A HiAL % TAEuL (36
CHI A w])F1 LK98 AL M A 2 0 BT RGO T 2=
FIEHME 2 T m R R BR A ). TEM FRAEH Model
S-520 Hi ¥ 2138 (Hitachi, Japan), XRD ik ] Lab
XRD-6000 X %7441 (SHMADZU, Japan), Cu Ko
(A=1.5406 nm) 40 kV R4, FH5H#E 2 (°)/min.
1.2 KEHZE

K0 LA AT IR A& Ti(OEt), B #E/K ikl 1008 %
TiO, A KL, B3 mL TiO, 4K B AN AL A B et
HL A 5 mg CNT ZESEBEIRAK Tio,-

CNT HEAWIR, Wit R 41K TiO,-CNT #EA)
BAE DAL Ti fbl b, T a5 g e 723 K
Rk 30 min, EHE 4~5 KHIH Ti Gk TiO,-CNT
(Ti/nanoTiO,-CNT) & & LAl (R M T AN 0.06 cm?),
2 A nanoTiO, 55 CNT (LN 3 1 1, SRIG4E
0.01 mol/L H,PtCL¢+0.03 mol/L NiCl, FI7K %W 45 1l
HLA7 —0.8~0.05 V 441 TS HLTTR PINI & 40Kk
T3 HUAE nanoTi0,-CNT i L7l nanoTiO,-CNT-PtNi
A GRMEAFME M (Ti/manoTiO,-CNT-PNi),
NEZHAFEZS S M€ E S el ke AP/ S B T AL )
HIME PINI #ii, S0EHHR IR 30 A5 2IM1E 1
HL AR N 0.32 mg/em? | 444 0.29 mg/em?, Y
Ry 1 B 20 nanoTiO, : CNT : Pt : Ni=3.9 :
1.3 011 0 1. AR SRR A 0 — AR A AR 1) H Aot
HEATIE, RS IZE 1 mol/L HySO4 12 mol/L CH;OH+
1 mol/L H,SO, ¥ HEAT, I ELHTIE =148 Ar < 20 min
DARR 25 4a.. i CHI660A FHEAK 2 T AE sl 73 31 1
TR 2 R ISR AT 2 b 3

2 HREWE

21 EEYKEMLTIR TEM 1 XRD FAE

& 1(a)’A nanoTiO,-CNT-Pt L7 XRD A74H1A,
P R A7 AEBLER A (anatase) B nanoTiO, &b L IKIAT 5 I (4>
512411017, [004], [200], [211], [204]&410), A B4R
sk, il Pt ORI AN AR, BomIsrts 20 firht
o8 39.76°, HRHBNAE 47.89°, 68.42°, 81.20°4L, 435
iy Pt (AI[111], [200], [220], [311]& MATH G, Frisas 5
L5 SCRRAH Y 0L PR A IO 37 7 58, SRR /RS
Pt [J[LLLIAT 5 0 42 8 SR 7 72 D =0.894/Bcos B (L=
0.154056 nm, B A~ 58) 15 10 nm 45, CNT (W4T
S K TiO, 1 101 [ATHIE(20=25.243°) IE I 5
#. B 1(b)’A nanoTiO,-CNT-PtNi & ALK XRD
AT B, EIPRIE R BOR T Pt IRRHIE A IIAT S 0, 5
() LE(b)H Pt FI[111], [200], [220], [311]4 HIATH I 260
KT MBS, 4yl 40.15°, 48.06°, 68.78°,
83.72°, ULHIPA Ni (AL T Pt sats 4L, Shkik
ANIRAE Pt L1 L IATS A SR 7 AR A AR T
U HUAE nanoTiO-CNT Ji5_E [ PENi A & 40Kk 173
kit ok 8 nm AiAy. B 1(b)R IR L Ni A7hfig, X
T RTINS SR RA T IERSHER
b r4n NiO, Ni(OH), F NiOOH!. ifij PtNi & 4k 7~
B 20 (ERA T B2, P11 D) ATSf R A T 1IER,



No. 22

MBS FLEE TR ROR) Bt B AR AL AU TRDBT /R &R 400K TiO,-CNT-PING & A5 4K AL 571 2029

RO Ni 78 2 Pt SRS BT R T 355 PINi
#4:"8 Jalan A1 Taylor!" AN, 76 PM/C FLAEALTH,
BT Pt 5idiESE M &84k, T3Pt dkg i
Pt-Pt BR b, AR T TR e, Amides T
PtM/C HLAE AL (1) 1

1K1 N
EERTIE
=
s J .
[ T T 1~ :
el ki1l du Ml £l KLk k18] el
it
S
Iy
RIS
3 iR~
-
z
Eoaqm
Tk~
“ H T T T T T
i an 4 An ftl T L 111

2
K1 nanoTiO,-CNT-Pt (a)F1 nanoTiO,-CNT-PtNi (b)&E &1tk
U XRD [
Figure 1 XRD patterns of nanoTiO,-CNT-Pt (a) and nano-
TiO,-CNT-PtNi (b) complex catalysts
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Figure 2 TEM images of nanoTiO,-CNT-Pt (a) and nanoTiO,-
CNT- PtNi (b) complex catalysts
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Figure 3 Cyclic voltammograms of nanoTiO,-CNT-PtNi com-

plex catalysts in 1.0 mol/L H,SO, solution
Scan rate: 100 mV/s. (a) nanoTiO,-CNT-PtNi; (b) nanoTiO,-CNT-Pt
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Figure 4 Cyclic voltammograms of electrocatalytic methanol
oxidation on the complex catalysts in 2.0 mol/L methanol +1.0
mol/L H,SO,

Scan rate: 100 mV/s. (a) nanoTiO,-CNT-PtNi; (b) nanoTiO,-CNT-Pt
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Figure 5 Cyclic voltammograms of the nanoTiO,-CNT-PtNi
complex catalysts at different temperatures in 2.0 mol/L methanol

+1.0 mol/L H,SO,
Scan rate: 100 mV/s. (1) 60 C;(2)40 C;(3)20 C
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Figure 6 Polarization current vs. time plot of nanoTiO,-CNT-

Pt-Ni in 2.0 mol/L methanol -+ 1.0 mol/L H,SO, at room

temperatures
The applied potential was 0.4 V (vs. SCE) for 1800 s
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