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REURSEAURI RSG5 g H 25 7™ 5, J0 b)) 5 25 R T ¢
S AT PR BRI, RORL IR —FP 4R L)
REVRZLE, WAL RBMTRE, I Hasm 21
LT Rl SR = RSk 2 — ML o, R
JhH s (Direct Alcohol Fuel Cell, DAFC) 2 {1465 2 i I (1
T #osP HET, FHAS DAFC RbA i R P 32 24 Y
AN RSN S NS, T PR OE R T A
JEE. A RS T A2 R DAFC IR iz —.

il 46 7 VA SR TS PR BN R T,
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R, Tyl & s B4k 5 0 Bt s e sm, H
AR, &AL (1 EG N ESIR I, A
FIFH %A Pt ZEEHP. NaBH, S fiid Ji
70, W FH A 38 1) NaBH, 38 JRUEAT Rl 2% 15 42 i i
SEREALITO, (ER G Fs i AL R R R 1215 3 i,

A TAELL EG FAEHFIAERE ), @i NaBH, B Ji
A% T AN S5 U PYC HEALA, 5 EG VA%
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2.1 #R5RF
kBl Vulcan XC-72R % S (L £ [ #1Z1 250 m?/g,
5% [# Cabot 2~ 7)), 5%(w) Nafion % (3% [E Dupont 22 ),

gt BEA: 2009-04-28, f&[E HER: 2009-07-24

XEHS: 1009-606X(2009)06-1198-06

20%(w) Pt/C(Vulcan XC-72R) i1k 7(35 E E-TEK 2 1).

WA HPtCle-6H 0k FH A th & @ 5ik), &
fix. OHCH,CH,OH, NaBH,, NaOH, H,S0,, 99.7% /K H!
FE A1 99.7% 0 /K LX) AL AL T 427, ik
h oy Hral.
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By : DF-101S ZRAR R il N R g 3 4 4 O
NIRRT 54T R A W), PHS-25 RUHE pH (kS
EREEIAT IR A7), KQ2200DB 7Y Hr ik i i ik
A (BT A AR AT B 7)), SHB-1T RUEFR K2 H
FL R OB MIREL T AT FR A 7)), DZF-6020 A FL5 1
PEAA (B — R PR A W]), DKB-501A B L IH
IR (RS 7 S 3 2% A PR 23 ).

XA : JEM-2010 7Y 0 HEIE O 1 BB (H A
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L (H A Rigaku /A7), ESCALAB MKII T £ ThfigH 1
AETE A (FLE VG 7)), CHISB0C AL Hi Ak 24 T AFuk (1
JRHEAXES ).
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K H H.PtClg-6H,0 A 41 1 B 9K 44 25, Vulcan
XC-72R IR PN BREA, EG HAEHFIAFRE A, /0
1 NaBH, Fll EG ik Jstyk il £ Pt 91480 20%(w) 1) PH/C
AL 2> AIACH NaOH 5 H,PtCle6H,0 114 R
W H NaOH & B B0 15 HoPtCle-6H,0 4 Il
pH {E% 12. 708k 1 h J5, 5 Vulcan XC-72R 7% 22
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73 F NaBH, Fll EG JEATIA 5.

EEWBE: WEKE SR BERI73) M4 % I H (95 : 2009CB220100): ALtk F AA HFeH 4 Wi H (45 20071D1600300396)

EHEN: REL951-), T, TLRAFIMMAN, fit, oz, WSy,

chuanwu@bit.edu.cn.

AT B ST 521, WMRBER A, Tel: 010-68912657, E-mail:



%5 6 17

RFEE T AAE N PYC AL % 5 RAE 1199

NaBH, 18 J517%:: 60 °C 1 [ b I 2% gk i n N\ i
(1) NaBH, il EG ¥, Bid: RN 12 h. SR 5 73 4 %
W KU REYE. PRk TR WRES, £33 Pt i
N 20%(w) 1) PYC AL, ATy ik ik 5 4R H )
J& NaBH,, [A25 60°C & 12 h 44 F Pt & 1 ARfg#k EG
W, FEFIN EG,

EG it Jilik: frRIKMIMTHE S 140°C, ke KM 1 h.
RIG O ML K DTRE . 08, VEsk. TR, WREE,
138 Pt f1E N 20%(w) i) PUC LT, AT7ikH EG
FHEAEIL SR FNAE E 711
2.4 EEFIMLRE

K H R 43 S T BB WS AL FITESR, 04T
Pt AN KAIURE (R REAE 20 A1 S AT B AR E 1) 23 ORI
K X BFRATH(Cu K ok 55 ) i o i A 70 i A 241
s R LT RERGIL(XPS, Al Ko 1486.6 eV 4y S 265,
C 1s 284.6 eV Jyfuf R 1 FEHE)IIFFUMEAL AL 22 41 1
INTTCEAN M SR
2.5 fEEFIBLFNIR

A ) 14D FRL A 25 5 B 2 T 5 b A A 3 P X 7
R 2% ARG, PR = bR R, FIRAE IR AR 2v
(Cyclic Voltammetry, CV){E 25°C 414 FiEAT, S Lk

(a) NaBHj, reduction method

JHAIH 7k FL Ak (Saturated Calomel Electrode, SCE), X
ML R Pt 22, AR R J7 0 R« F)HX 5.0 mg PY/C
EALF, A 1 mL JE/K SEERT 50 ub 5%(w) Nafion ¥
WS EE S, HERZEE 15 ub BRMREL 43
mm (0.07065 cm?) B ik AR [, 21 AN IR 25 s )
TAE AR AL Pt ER A R 1.7 gim?.

A0 ) P A 27 35 1 Bl 2 TR AR K RS 0.5
mol/L H,SO,, i Hi34 4 0~1.04 V (vs. NHE), F1Hiis
Bk 0.1 Vis. WAL IEYEVEAT 1 HLEACA 0.5 mol/L
H,SO4/1 mol/L CH3OH(E% 0.5 mol/L H,SO4/1 mol/L
CH3CH,OH), #1#fifi#A 0 0~1.24 V (vs. NHE), if#iidk
54 0.05 VIs.

3 HEREH®
3.1 TEM, XRD 5 XPS &fE

Tk NaBH, Fil EG i J5t7k il 45 1) 20%(w) PY/C ik
FIIK TEM FE 40 & 1 BTz, Pt @RISR R~ F- 44 T 4245 59
245 25nm, Rt HAM %, FERBEAMA Lo
B)5). AEw EG MIRREERT, 2 Ry idfhile i 7
TEFUF ) PUC AT, ~PIIRIAR 5T i E-TEK 20%(w)
PUC L 7(2.5 nm)# 4.

(b) EG reduction method

1 PFRIE BRI 25 16 20%(w) PYC fEALFTI TEM
Fig.1 TEM images of 20%(w) Pt/C catalysts prepared by two reduction methods

2 J& 2 FBJEEHI 10 20%(w) PYC fEALT
XRD . 2 R AL Pt ¥I(111), (200), (220)H1(311)fT
I Y BIAE 260=39.8°, 46.1°, 67.8° I 81.5° i, K
Pt 34 HLAT IO 7 5 S5 4. 2 FREAL T P ) i T 2 A
# 1 PR, NaBH, & JRi%HI4 1) PUC AL HAT B
{1 Pt(220) A1 Pt(111) 54 i &5 5. Grant 211250 %, Pt(220)
s T 5 S A A i FRBE v R4, 2372 Oy, THITE
Pt(111)H1 Pt(200) & [ b B AN A= e FEE [l 44, 23 it A

CO Ml H,. Pt(220) 8 & EALZ I, AL & S N 5))
D12 BRI RE ) S o, £33 R AR AL TR PR R 1 .

26=25° 3T (AT S0 U1 g ol ©(002) it THT > ¢ B T i
B ARAT —2 IA BR S5 R, NaBH, i ik il 4% (1)
PYC AL C(002)F7 5K e I 2 ik, ¢ I Hoie BE 23 ik
A SRR R AR, 2 Pl AR FHAH [ 1 e R A8UA, A 5
AR B B A 1 NaBH, B 58 R S R B 380, £33 i L
FL P i PSS A AR R FH 2 B A1
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2500 _ 2.0~5.0 nm, AR LIRS B A TAEM Ptk

= 2000 | R BIRAR 2 2.5 nm, XPS 4347 45 5L AT 4 Sk (A 431
ERN* S 1 3 2 FIE UL 1) 20%(w) PUC fiEAL I
g 1000 Pt 4f (1) XPS i, W45l /il 4331 2 X, NaBH, ik i ik
£ co0 il £ 19 PUC AL Pt 4AF (150 fif V6 23 A T 71.9, 74.0,

: 75.2 f1 773 eV, 71.9 5 75.2 eV G HJE T M &R S

O POF#g7-0647 | | L H1(P), 74.0 5 77.3 eV HIIEIHJE TALAHI(PEY, ATk

20 40 2009 60 80 L) PtO 5% Pt(OH), JE AU A7 1. EG i J5 146l 4 ) PUC fiAL,

2 P FRIE 5 BT 20%(w) PYC fiEALFIK XRD i &
5 Pt fybrvE XRD 1% K (PDF#87-0647)

Fig.2 XRD patterns of 20%(w) Pt/C catalysts prepared by
two reduction methods compared with that of the
platinum from PDF#87-0647

F 1 WIEFREFH 20% () Pt/CRUAFIMEES A
Table 1 Crystal-face distribution of 20%(w) Pt/C catalysts
prepared by two reduction methods™®!

Method laany/lo (%) 1200/ 10 (%) |220)/lo (%)
NaBH, 68.7 13.9 17.4
EG 55.5 35.1 9.4

Note: 1g=1(112)*1 200+ 220), I(111), l200) @nd 1220 are crystalline facet content
of Pt(111), Pt(200) and Pt(220).
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I Pt Af (1) 7 i sy SilAr T 71.8, 73.9, 75.1 Al 77.2 eV.
PO 55 Pt (AN S B 2 Fiar, NaBH, i J50E 6145 1
PYC {47 PO & R, 1T NaBH, BT L EG
SH A JRUGE T, NaBH, 18 JRid 545 R4 i 25 4 B2 1)
B,

Pt [AF A — P IS, — 7 T AT RGBT iR
JEARMIER, 53— 7T g T Pt 9K IO b 25
AR ). tEAh, HRREEAAR 4f, AT 71.2 eV
FeAi, ARTAE PO 4fy, Ve i 5 7 1 A% (71.9 3¢ 71.8
eV), HIfig T Pt 4K IBURL 1) 40 4k e L5 ik BR AR A )
FIEAEF G, 355K i 4 S i g 4 ] — 30
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Fig.3 XPS spectra of Pt 4f in 20%(w) Pt/C catalysts prepared by two reduction methods

F 2 BMITFREIEFTH 20% () Pt/C EWLFIH
FRMESHMESRESHYNESE
Table 2 Binding energy and relative intensity data of
platinum species in 20%(w) Pt/C catalysts
prepared by two reduction methods

Method Platinum Binding energy of Pt (eV) Relative
species Moz 42 intensity (%)
pt’ 71.9 75.2 62.7
NaBH4 Pt 740 173 e
EG Pt 718 75.1 60.1
pt" 73.9 77.2 39.9

3.2 BALFIEMEEFRmEMIR
K 4 3% AR E-TEK PYC f£4L77E 0.5 mol/L

H,SO, SR I E 5 R K R 2R, NaBH, & i
A TR PYC (AR T S0 TR B — I o 0 P A/ 5 7 i
E-TEK AR 2, /NT EG 1411 PYC fiEfb7). &
(IR B —BE BT 3 AN, Akl AR i o s s
SR, VA 8 T-AUAE Pt(111), (220)H1(200) & 1T F R ),
XFEL 2l B AL AR P FRL B S R G R I T LU
i, NaBH, B JRiEHI4 1 PUC fiEALFIEL EG 355141
PUC fEALF] PHALL)AHX & e, P(200)HH %75 s
ik, 5 XRD Zr#rahi 5k

S0 P TR S R A 750 v T 190 PR 279 T
S, R AT TP TR F A 27 L SR TR 5 i £ £ 7] B3



%6

S £ TR E R PUC LTI 2 5 R AL 1201

100 - 0 e
’E,\ L
50 -

<
E L
z O
0] L
3 50 - # Catalyst
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g scan rate 0.1 V/s, abH,
O r temperature 25°C E-TEK

-150 -

| L | L | |

L 1 L 1 L
0.0 0.2 0.4 0.6 0.8 1.0
Potential (V, vs. NHE)
Kl 4 [ HIFIT  E-TEK 20%(w) PYC AKX 258 F— I B
AT LI P s Ok R 2
Fig.4 Current—potential curves of self-made and E-TEK 20%(w)
Pt/C catalysts for H adsorption and desorption

JHCEE R . R 2t B e PRy T AR T 4549 B (A 5
SR AL LE RTINS, W36 3 . NaBH, it
225 1K) PYC AL AR B PR 2 3 M B AR THIAR 5
E-TEK LAY, /NI EG ¥l ¥ PUC L. A
I 2 FHHEAC IR RLAR N o BUSEAR 2. IR AR AR T
LR REFRARIE 1 1 AL AR A B A, b yair s 1AL
A EAL AR LU T AR, H i T3 R i e R
Il Pt X T L A1) BAT S0 R AL A TS
S PO HE 5 L A S IR 5 EG ¥
AT 2N PYC HEAL AN, KOG WRE A K AN L AL
A At T MU AT %, T NaBH, B
17LE EG SESRMIIE Sk, 2 S X Pt SEAEAL 7745 g 8 2
R, FTLALESE NaBH, & J5i%; 24 WA Pt ZE L
G LRGN, ATLLERE EG &5k

% 3 BflFNEmE-TEK 20%(w) Pt/CENXFIRI B FFEMILRER S BELES
Table 3 Average particle size, electrochemically active specific surface area, mass activity and specific activity at peak potentials
of self-made and E-TEK 20%(w) Pt/C catalysts for electro-oxidation of methanol and ethanol

Method Average particle Electrochemically active specific Mass activity (mA/mg) Specific activity (mA/cm?)
size (nm) surface area (m?/g) Methanol Ethanol Methanol Ethanol
NaBH, 24 724 494.0 489.3 0.68 0.67
EG 25 91.6 5125 507.1 0.57 0.56
E-TEK 2.5 725 503.2 475.0 0.69 0.65
1000
r (a) Pt-mass based activity i Catalyst «— 1.2 [ (b) P-ECSA based activity Catalyst
=) 800 - —EG IS 1.0 - —EG
= | 0.5mol/L H,S0,/1 moliL CH.OH, ;i - -~ NaBH s [ 05molil H,SO/1 molll. CHOH, -/ ----NaBH,
< 600 L scanning rate 0.05 Vs, S E-TEK = 0.8 | scanning rate 0.05Vis, L E-TEK
S temperature 25°C \ = @[ temperature 25°C £ i
= L g 74\
2 400 |- £ 06 i
g — & 04l |
=) 200 - o
s L c 0.2
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= > 0.0
jun] .
O F (@)
-200 - 02
1 L 1 L 1 1 L 1 1 1 L 1 L |
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K5 HHIFIR b E-TEK 20%(w) PYC AT FF I FL A Ab S A0 A FRL IR 36 1 15 R TS O 2R il 28

Fig.5 Current—potential curves of self-made and E-TEK 20%(w) Pt/C catalysts for methanol electro-oxidation
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FURAL TR Pt b ) FRL 25 B AE A H A T Y L P
2. Lh NaBH, 38 J5UE 4% (1) PYC AL A7 FLAL

SN MR T P R R T L E-TERK AL AR 4,
HE R R b A LR B 0.68 mA/em?, &
LA EG & J5LHI 4511 PUC fiEALFI 1.2 5.

] 6 & [ I FI RS i E-TEK 11 20%(w) PYC HEALF
Xof o PR A SR IR L R R S L R G R k. [RIAE
NaBH, & J52:561 £ (1) PYC HEAL T BT FE AL 24T 1 2 T
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Fig.6 Current—potential curves of self-made and E-TEK 20%(w) Pt/C catalysts for ethanol electro-oxidation
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Preparation and Characterization of Pt/C Catalysts Stabilized by Ethylene Glycol
WU Feng'?, LIU Yan-hong!, WU Chuan'?

(1. School of Chemical Engineering and Environment, Beijing Institute of Technology, Beijing 100081, China;
2. National Development Center for High Technology Green Materials, Beijing 100081, China)

Abstract: Pt/C catalysts with narrow size distribution and high dispersion were prepared by NaBH, and ethylene glycol (EG) reduction
methods, separately, using EG as both the solvent and stabilizing agent. Their morphology, composition, structure and electrochemically
active specific surface area (ECSA) were characterized and compared. Electrocatalytic activities of the two catalysts for oxidation of
methanol or ethanol were tested. The two catalysts present narrow size distribution, high dispersion, face centred cubic structure of Pt,
and comparative Pt-mass based activities for electro-oxidation of methanol and ethanol. The Pt/C catalyst prepared by NaBH, reduction
method has more metallic Pt (Pt%) and more crystal face Pt (220), its Pt electrochemical surface area (Pt ECAS) based anodic peak
current densities for methanol and ethanol oxidations are 0.68 and 0.67 mA/cm?, 1.2 times higher than those of the Pt/C catalyst prepared
by EG reduction method, respectively. Their electrocatalytic activities for methanol and ethanol are comparable with those of commercial
E-TEK catalysts.

Key words: fuel cell; catalyst; Pt/C; ethylene glycol; NaBH,



