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Abstract: The effect of heat treatment on catalytic activity of a PtRu/C electrocatalyst synthesized by the polyol method was investigated by
thermogravimetry, on-line mass spectroscopy, X-ray diffraction,and transmission electron microscopy. The results indicate that abundant
species adsorbs on the electrocatalyst surface, which can be effectively removed by heat-treating at 200 °C under inert atmosphere for 2 h.
The particle size of the electrocatalyst increases slightly after heat treatment, but the particles remain good dispersion on the carbon support.
Electrochemical and direct methanol fuel cell single cell test results indicate that the catalytic activity of PtRu/C for methanol electrooxida-
tion is greatly improved by the heat treatment process.
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1.1 PtRu/C B LTI B & & H ik g

A H,PtClg6H,0 F1 RuCls-xH,0 (¥ K BB A
g WA TR, 2 M 46) 43 SIAE K PRI Ru 1) 79K 44,
Tk 22 Printex XE2 (Degussa 2 m], BET L3R ) 4
900 m*/g) 1 by HLAE AL ) 3 4. 22 S0 72 4% PtRu/C
{16 7] (60%, Pt:Ru BE /R B 1:1) 18 72 [A] SCH#k [9]. K¢
JIT 5 5+ () HoPtClg- 6H,0 1 RuClyxH,O i S iR A 2,
TR PR N IR B I 4k S 0.5 h, T Y
AR, 1) LR P i N & & 1 mol/L #J NaOH/ 4
R TROUR TSR pH B R 13, 4R ZE ¢ FE 10 min )5 T
LA 170°C, FEARHE 3 h LLLRAIF & Jd 4 300 J5. 38 iR 56
WG BE=R, 2. wEHMTRES R
60%PtRu/C FLAE L.

H A A R B T S b BN PR (Al
Ny), R J5 THEL 42 200 °C FF {5 2 h.

1.2 BELFINRE

TG 4> #r X% F 4 [l NETISCH 1) STA409C 7 45t
BB, R HER 0.1 nv, 5 R 10 pg,
THili 3 % 10 °C/min, 75 No TR 4R P #EAT. MS 704
F H 24 [H Ametek A 7 Proline ZY PU KR AT iRt 4%, i+
SR Y ] 1~200 AMU, 27 HUR AR PR 1 x 107 A,
ST HEE 0.5 AMU. X S 2474 (XRD) Mt 7 H A% 5
%% D/max-2400 % XRD 1% @47, Cu K, 5 &6, A =
0.154 056 nm, Ni P 3§ 3, 5 L Hs 40 kV, & HLI 200
mA, FH 8 FE 5°/min, $14 A1 FE 73 B4 0.02°. KA TE
P 5K FH H A JEOL /A #] (1) JEM-2011EM % i% §ff
HL 1 2088 (TEM), Inid e & ok 100 kV, 20 HF %4
0.143 nm.
1.3 L FI A9 4L 2 F0 8 B St i

4K 24 3R 7E CHIT60B %Y Fi Ak 27 T4 3 1 3k
AT, KRR = rAR AR 2R, B ok B A, R H R
HL 1) (SCE) oh 2 L H i, AR SC P ik v 467 35 A X T
SCE. A FLB hy F i A 700 S0 8o ol 1) B8 e LA . I
A FE R ) 46 T FE A0 HERFREX S mg FELARE AR A 43 i
£ 1 ml TEK LBEH, N 50 ul Nafion Ll (7 5%
Nafion), i 7 73 B3 5 5, S8 )5 B8 B 20 ul 2
S 5T R AR BB A b JEAE L AMT R G WU,
iR IO VA T 3 v 4 N, 20 min DL 5V R 4R E
AT LR MR AR 22 (LSV) IR B, SR FH 1 PR A8 5
43 0.5 mol/L H,SO, + 2 mol/L CH;OH ¥ ¥, 314 Vu Fl
H=0.2~0.5V, FIH F Ky SmV/S, £ il FRAT. H
Ho b 158 P B (MEA) i) £ B 20 2 7] SCik [18], BH AR Ha
HEALFI A PtRu/C, 13 4 3.0 mg/em?, B A% L4 1k
F4 7 i 60%Pt/C (Johnson Matthey 73 ), $H# A
1.0 mg/cm?®. HLfi# MR FH 55 [ A 24 ] Nafionl115
JI5. BHARERL A 1 mol/L F R /K ¥ ¥, ¥t & 1.0 ml/min,
BAAR 40 IS 17 49 0.2 MPa, FiLith 38 /5 3 i 90 °C.
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10 A b 3R 28 kb B IS PtRu/C HLAREAL 71T
TG-DTA 4. W] LA th, A4k B A A6 7] {E 70~100,
150~200 F1 260~400 °C =A™ X [i] P 34 Hi L BH 2 1) 2%
. PtRu/CM" % PtRu 2 POVeR 4 44 51] f) A FE F 5% R
B, KT 100 °C 1 2% 5 I [R] T FE {44 570 3 T 42 21 I
B 7K 1 B, 260~400 °C X [H) 1) 5% H A BT Ha A 4k
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Fig. 1. TG-DTA curves of PtRu/C before (1) and after (2) heat treat-
ment. (a) TG; (b) DTA.
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Fig. 2. Online MS analysis on post heat-treating process. (1) Before
heating; (2) After heating for 1 h; (3) After heating for 2 h.
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=

g5 B L, 2 Ju eV 4% ) PtRu/C HLAHE AL 7713
TR T3 2 & B4 A 8] 72 40). AR 4 TG 45
B T A A AL BRI By 200 °C, T 7E 2k MS 45 R 1,
AL PR 2 h W] LA AL 2 BRIX LW B B ] 1
PtRu/C HEL AL A FE 200 °C M5 1 A0 T EAT #ukb 21 2
h JG 18 TG il 2 7] WL, 47 F 150~200 °C [ 2K H U L 48
WO, 0 R W4 Fi A P S VR A4 R0 3R 1 R B
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K XRD %4 BT 5 # PtRu/C AL 7 EAT T 3%
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Fig. 3. XRD patterns of the PtRu/C electrocatalyst before (1) and after
(2) heat treatment.
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Table 1 XRD results of the PtRu/C electrocatalyst

Sample Average particle size (nm) (220) peak position (°) Lattice parameter (nm)
Before heat treatment 2.1 68.4 0.3876
After heat treatment 2.6 68.6 0.3866

& 4
Fig. 4. TEM images of the PtRu/C electrocatalyst before (a) and after (b) heat treatment.
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Fig. 6. Comparison of direct methanol fuel cell single cell performance

with PtRu/C as anode electrocatalyst before (1) and after (2) heat
treatment.
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