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Carbon Supported Alloy Pd-Fe Catalyst: Preperation and
Electrocatalytic Activity for Oxygen Reduction
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Abstract: The Pd-Fe/C catalyst was prepared by the complexing reduction method using NH,CI as the complex
agent at the low temperature. The high alloy Pd-Fe/C catalyst Pd and Fe could be prepared at low temperature
due to the complex formation by NH,Cl and Pd, which leads to a negative shift for the reduction potential of
PdCl,, making the reduction potential of PdCl, closer to that of FeCl;. The XPS results show that the alloying of
Pd with Fe could affect the binding energies of Pd and increase the content of Pd” in the catalyst. Thus, the
electrocatalytic activity of the Pd-Fe/C catalyst obtained for the oxygen reduction is higher than that of the Pd/C
catalyst prepared with the same method. Furthermore, this Pd-Fe/C catalyst has no electrocatalytic activity for

the methanol oxidation.
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Vulcan XC-72 1% P & (3% [H Cabot 2\ ®])
Nafion (4= 98 2R 7K £ M fift 1R ) V5 W (Swi% , 35 [l Sigma-
Aldrich T2 23 6 7= fi) 3 4240 AT S A, ik
F =T, 43 B4l LA 3 g 43 B 2l 500 BT A
WA =R ZE K e

HL k2 1 ] CHI600 HL Ak 2= 53 B4 (35 [ CHI
ACHR 2 W) HVE F ) = f Al b2 i E AT T A LA
i+ T3 Auto-Lap e 17 & A Al , L ILAR hy 1%
WL (EAE 3 mm), JH Pt R XTI Ag/AgCl
RS H, SCR TS HA S H T T Ag/AgCl
HLAR . FH 0 B L B 588 (HRTEM , JEM-2100, Jil
MR 200 kV)RAE T 7Y 83 MW S5+, H
SR & 55 B IR 7 RS (IeP) T JY/T 015-
1996 JEHE 45 B3 T IR 5 7 A B EAL . XSk e A 5
(XRD)M it ] D/max-rC 74 5% ¥ X 5 2477 X (H 2
Pieg ) #E AT, HEHE 40 kv, SEHLUE 100 mA,
Cu Ko ST IR (A0=0.154 18 nm), 55M—AT L
(UV-Vis) WG 5 FH A2 [ Perkin-Elmer 23 7 1)

Lambdal7 % UV-Vis WG TEALIETT
1.2 EEFIRFHE

4 4.78 mmol XC-72 1 ¥ i A 3.13 mL
0.450 4 mol - L™ 1Y PACL, 7K W, #7710 min, 15 1%
£ 7 L PACL, 192 W, ¥ 1.50 mmol NH,CI F1
2.02 mmol H;BO; % i 7F 10 mL /K, SR )5 In AT
PE A PACL, B, BEFE AR FNA 3 mL
0.015 7 mol - L FeCly, 48 2L 75 1 h, 153 2R G Y%
P, 1.06 mmol NaBH, A 10 mL /K BiE+E |
90 CAKIE ™, W I iR Bk W 22 18 75 Jin %) NaBH,, 7K
B AR LB HE 1 b, fF PACL, A1 FeCly 5 i 55
NaBH, 56 & R W5 , F = IRFEBK k2 e | 78
BT 55 TR, RIS & B 80 20%
Pd 1 Pd-Fe/C fEALH

Pd/C HEALT B il 28 7 2 [F] E | FOZR N FeCly,
1.3 EBZENHR

A LR e B P AR A A P AR U 64
AL 0.3 A1 0.05 wm 1Y ALO; G H G 2 45
T, T = IR ZE R ol pE 5 & AR e 4% 2.5
mg Pd/C 3% Pd-Fe/C #1575 0.4 mL 7K 0.3 mL &
1 0.05 mL Nafion ¥ W FC il B W, 8 A5 401
30 min, B HL 3 pL B IFE W B LR, 50 CTH# S
5 TAEH ,, H Pd 80 28 wg-em™,

TEHEAT LA 2 i B, R R 0.5 mol - L7
HCIO0, #1758 K 7E 301 °C, &M,
TAEH AT .2 000 r-min™, A HFHEZE .5 mV-
s AT ST Al 20 min, PABR RIE W PR
S, AT AU T S 3 48 20 min, DLUEE T
A

2 HRSiR
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Bl 1 & PACL, %W A PACL+NH,C1+H;BO; %
1) UV-Vis W WOG 1% d1 B AT A PACL, 7K % W AE
419,237 F1 207 nm AA7 3 ASFRAER M IE (12 a),
PACL, %W A NH,C1+H,BO; J& , PACL, Y R#AF
WU 2 (£ b), T 7€ 294 nm Ab HY B — 4N B7 19 4
AW W 3% & B T NHLCL 7E H3BO, 2% this W h &
ZLLL NH;-H,0 JE A TE NH;-H,0 5 Pd+fig JE 1k
[PA(NH,), L 2 T, L PACL, 1447 AF 0 5 0 3 2k
M I[P (NH.) [ R AE 0 S X TR B T P> AE
AR R T RETE LA

Bl 2 Sk 3 i L AE % 0.005 5 mol - L' PACL, FI
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Fig.1 UV-Vis absorption spectra of PdCl, in (a) without
NH,C] and H3;BO; and (b) with NH,Cl and H;BO,
solution
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Fig.2 Linear sweeping voltammograms of (a) 0.005 5 mol-
L™ PdCl, and (b) 0.005 5 mol -L™" PdCl,+NH,Cl+
H;BO; at the glassy carbon electrode (0.05 mol - L™
KCI solution)

0.005 5 mol - L' PdCl,+NH,Cl+H;BO; ¥ 0.05 mol - L
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Fig.3 EDS spectrum of the (a)Pd/C and (b) Pd-Fe/C
catalyst
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Fig.3 EDS spectrum of the (a)Pd/C and (b) Pd-Fe/C
catalyst
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Table 1 Structure parameters of (a) Pd-Fe/C and (b)
Pd-Fe/C catalysts

pd/C Pd-Fe/C
Average size of Pd particles / nm 3.77 4.5
Lattice parameter / nm 0.389 0 0.386 5
Fe atomic fraction in PdFe / % — 16.03
Relative crystallinity 1.18 1.64

FH &1 4 H0H 38 5k s B LA i 7 152 B Pd(220)
rm AT S0 R 22 (1), 71384 Pd-Fe/C 4L 5] H
Pd-Fe #i ¥ (1 A% 5 £02 0.386 5 nm, X5 &R
500 °C AL HL ] 5 (10 5 4 Pdy-Fe/C AL 5 A% H

BARFEIT , MR Vegard & AP, FIH AKX (2), 115
3 Pd-Fe & 415 Pd JE & 41 Fe 1Y J5 ¥ 734K
(FAXF T Pd)/& 16.03%, 1fii Pd-Fe/C AL H) EDS 3%
El 432 Pd A1 Fe IR 6K 3:1, B Fe 1 5143
BN 25%, X ULHHFE Pd-Fe/C AL P AEAES 2 Ff
AN Fe, —FAGEN H—MRBEEGES A
W3l NaBH, i 575 261 #5153 Pd-Fe LI, 5 Pd
A 41 Fe W9 J5 T 3 8 (x0,=3.7%)1'9, L I 45 3L
Ui WL AL I S5 5 AT DL 4 B @2 A Y Pd-Fe/C AL
LR 2,

a=\/2 A/sinf 1)

QA=0(,—KXp, (2)
K N Pd-Fe & 4 1Y itk 5 50, o, J 2 Pd i H
H41(0.389 0 nm),k 4 ¥ %1(0.0156 nm),x;. N5 Pd
WA 41 Fe MR 40 50,0 S SFEIR I A ST K
(0.154 2 nm),0 FATHH

WE 5 frs, A3 38R A% HRTEM) X il £
1) Pd/C 1 Pd-Fe/C HEALFIFEAT T RAE, N 5 7] LA
3, AEH T Pd-Fe KT F1 Pd kL K95 8K
TEBR AR b, JFH RS gErh ) SFERAE 5 nm,
HRTEM 5% 2 7s i Pd-Fe 4 J& 44 K ki + Ky 15—
B A 4 25 F (B 5b),

Pd

d, =0.225 nm /
o~ C(002)
(a) 5nm

K5 (a) Pd/C Fii(b) Pd-Fe/C fEAL 1 HRTEM &l
Fig.5 HRTEM images of (a) Pd/C and (b) Pd-Fe/C
catalysts
Kl 6 24 Pd/C Pd-Fe/C f# 1k 5 H Pd3d B XPS
i AERAMEAL T PA3d i TR ERAT 2 AN T
336.0 Fl 341.0 eV A2 45, 43 W %N T Pd3ds,
Pd3dy, 45 -G RER i B AT A1, Pd-Fe/C 4L 71 1)

&2 Pd-Fe/C ENXFIBAERN
Table 2 Composition of Pd-Fe/C catalyst

Atomic fraction of Fe in the Pd-Fe/C Catalyst / %

Atomic fraction of alloying Fe / %

Complexing reduction method 25
NaBH, reduction 25
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Fig.6  XPS spectra of (a) the Pd/C, (b) Pd-Fe/C- catalysts
in the Pd3d region

Pd3ds, 45 ETE 335.8 eV, 11 Pd/C f#4L5H Pd3ds,
W B 335.4 eV, U B Pd-Fe/C i £k 71 H (1)
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Fe/C AL Pd Y HL 47 25 B2 A 98020 X2 T Fe
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i LA AR Pd3ds, REIE IG5 L 2 4
XFIE T 335.5 Fl 337.5 eV (350 B AR N PO A
PdUEIEE A RER TR [F Y S A Pd B R E
PG WU T ARG E]  PA/C  Pd-Fe/C AL H 1Y)
AR Pd B &ML ST TER 3 T ONFE3
Rl DLE Y Pd/C AR PA° B & AU 51.1%),
IE/NTF Pd-Fe/C AT E) PAC B & i, R 205
EZUEW] Pd L Pt T 5 S AKE Pd AR Sy H A Ak 5
FEMEA T, SR Fe MINA A FIF Pd ST At
RERIE SR, L Pd 5 Fe IELA &5, BT Pd°
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Table 3 Binding energies and relative intensities
of Pd’ and Pd"

Binding energy Relative

Catalyst
nf Pd3d5/z /eV

Species ) .
intensity / %

pd/C Pd° 3353 51.1
pd" 336.9 48.9

Pd-Fe/C Pd° 3359 71.0
pd! 337.3 33.0

2.2 Pd-Fe/C f 4k 7 34 3% JF B B {1 1 B8

L7 SR AN [l A 00 H A A S AR RS 0.5 mol -
L7 HCIO, i W i et i AR et 2 i ] 0L |
TE Pd/C Pd-Fe/C AL HL A I | 400 J5 1 46 340 I
HL A7 43 1A 0.50 VR 0.59 'V, Pd-Fe/C 4k 71 X} 4
I R 4 A I A H Pd/C AR I IE 90 mV
F W] Pd-Fe/C Ak X 08 J5 A9 H A Ak 1 RE 22 4 T
Pd/C AL, B TEM FAEAS Pd-Fe/C L5115 Pd/
C LT o Pd R F R ARAHIE , I, Pd-Fe/C i
A 500 X5 G2 DAY H AR T P 1 T PA/C AR T B DR
HARJE Pd KL FE5H5E M Fe 5 Pd Z A A & 10IE
T R P 8 T X A I L A A T

04

4] @ (®)
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0.0 02 0.4 0.6
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B0 7 (a) PA/C AR (b) Pd-Fe/C HiE A7) i 4 o5 1
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IRz it 2%
Fig.6 Linear sweep voltammograms of (a) the Pd/C and
(b) Pd-Fe/C catalyst electrodes in the 0.5 mol- L™
HCIO, solution with saturated oxygen
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