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Carbon Supported Pd-Fe Catalyst with Uniform Alloy Structure Prepared with
Direct Thermo-decomposition Method for Oxygen Reduction Reaction

WANG Yan-En', WU Xiao-Jie', HE Cheng-Lei', ZHAO Jia-Ning', TANG Ya-Wen?, LU Tian-Hong’

(1. College of Science, Department of Morden Sciences & Technology, Hebei Agricultural University, Baoding 071000, China;
2. School of Chemistry and Materials Science, Nanjing Normal University, Nanjing 210097, China)

Abstract: The Pd;-Fe,/C catalyst was synthesized with the direct thermo-decomposition method using Pd(CH;COO),
and Fe(CH;COO), as precursors. The Pd;-Fe,/C catalyst was characterized with X-ray diffraction(XRD), transmis-
sion electron microscope(TEM) and X-photoelectron spectroscope(XPS). The electrocatalytic performance of the
Pd;-Fe,/C catalyst was investigated with the cyclic voltammetry and Linear scan voltammograms. The results show
that Fe atom has entered into the Pd crystal lattice and formed a single-phase fcc disordered alloyed structure (solid
solution). Electrochemical data indicate that the eletrocatalytic activity of the Pd;-Fe,/C electrocatalyst for oxygen
reduction reaction (ORR) is much higher than that of Pd/C electrocatalyst.

Key words: direct thermo-decomposition; carbon supported Pt-Fe catalyst; uniform alloy; oxygen reduction
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TR I 7 920 46 160 Pd-Fe AT —AS 8
& Pd. RIAE Fe MAESA L, T8 Pd (A H %R
BAAR, HEALFITERE N %, [RUE Pd-Fe & &ML
B H AL 228 SR Ll b, 3E4T R (500~900°C ) #A
Ab PR 0101 A T R R 4 R D WKL T A 1) A
WHIR IR 0 8) )1 24 A0S, TR S Pd 45
(] Pd-Fe &afEtbml, (HA2, % MAasid 5
1E3RA Pd-Fe TSR G A ANIE5), il A
AEBRATSRAS BB AT e M AL A 13—k, IR H, &
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FE o B R & & Jm SR AT IR AR, SRS E(H: Ny o
12 5) AR AT AR P R GIELBE R 300°C), il 46 L
H MY & a5 11 Pd-Fe A ML Hifh¥
a2 B H A A %% 19 2] Pds-Fey/C AL N
A DU AT B 1) H AR A 1

1 SRE7AZE

1.1 RFI S5 E

Vulcan XC-72 7% £k (32 [E Cabot 2 7))l Nafion
(TR LIGTEIR) L (5wt%), F21E Sigma-Aldrich
2 T BT EEAT AT AR R 38 2 A 4,
JIT AT A T = IR 2R /K I

K H CHI600 FLAL 27 43 A% (36 [H CHI A8 2 F])
RV PR = F b FEAL 2 AT F Ak 2 . TR

(a)

Counts

Energy / keV

B A 3+ 7 (1) Auto-Lap e B 5t rul, JLIE4AY
s HAR (¢3 mm), F Pt F A R i dl, Ag/AgCl A
ZLe R, SC TS R FA 3 AR XS T Ag/AgCl H
Weo FH 59 7 BB (HRTEM, JEM-2100, Jii%
HL R 200 kV)RAE =Y I TS RITHOW 45 74 . K H
D/max-rC BUFHE X S ATHH(H AR B 22 24 7)) T X
SHEEATH(XRD)MI &, #EHLE 40 kV, ELHEYT 100 mA,
CuK,, H 295 0 Y6 ¥ (4=0.15418 nm) . K H Vantage IV
R X IR BT (55 B Fv i A W] IEAT EDS Wl .
1.2 Pd-Fe/C &L FIBIHI &

TEPIA/NEM T 5 mL BERR > 51K 31.65 mg
BEIRHL. 8.2 mg B Wk 75 v i e, PR P 8 TR
Ao YAk, FEREA ] 20 mL BSR4 1 52 mg TEE
W, R AL BRA R MR A B A . FERREE S A
N, R B ER TR G Y T B P R s v
TSR A WG B4 12 h, SRJGTE N R 5%
fEF 10CHBE A TR . BE2M 8 KL
300°C(Ha:Ny 4 1:5) 40 F#vkb 2 2 h, RI3RAS
Pd;-Fe,/C #4b7] .
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L% T PA/C AT

2 RS

2.1 Pd-Fe/C LML RAE

Kl 1 J& Pd/C M1 Pds-Fe,/C 4L 5711 EDS K,
i & 543 3% PA/C A1 Pds-Fe,/C fiEAL 7 Pd 1
SN 20.05%. 19.93%, Pd Al Fe [f )51 Eb
3.13:1.06, FI 3:1. 1K LEELAF L5 il &1 A R0 N
(1 T PR 0 1R 0k 1) FE A - AR AT — B, W AE
300°C(Ha:Ny oA 1:5) AU T, T R P T TR I AR
BT A O R IE IR A B Pds-Fe/C A MEILH .
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1 (a)Pd/C Fl(b)Pds-Fe,/C k71 EDS [&li%
Fig. 1 EDS patterns of (a) Pd/C and (b) Pd3-Fe,/C catalysts
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& 2 & Pd/C 4L 7 K Pds-Fe,/C fEAL 71 ] XRD
B, f gk a nl %, BT 75 20 4 24.7° 40 B XC-
72 V&R ) 5 (002) 4 T TR AT S 0 A, LA AT
U 1) 26 {7 39.68°.45.42°.67.10°F1 80.42° 1 £+, 4%
SPRE N T HAT OS2 T7 45K 1) Pd @A K] PA(111)
Pd(200). Pd(220)F1 Pd(311)K] & A7 506, X Shx
#E ASTM 5-681(PA)H]— 3. 7EHiZk b 1, Pd fi7 1§
) 20 MEARR KT PAd/C HEAL AR Y A, %W
Pds-Fe,/C HEALF 1 1¥) Pd-Fe $i 7t H AT [ 005777 il
PREER, AT R4 Fe CLdE N Pd 1A%, 5 Pd B
&4, BT Fe MRTAREL Pd /N, Fe #t A Pd
efkE, S Pd ATSIEN 20 (HAR K, KA SIS I
%o 514h, 18 Pds-Fe,/C #EALF) XRD % o % AW
52 3| Fe o Fe O MFFIEIE, KUIBA LN Pd Stk
1] Fe 5 Fe 05 A& LAJGE TE M TE X AFAE .

i ik Scherrer 232 PA(220)47 55 U6 (1 2 U6 5
A LAV Pds-Fey/C L7 Pd R (1) P 3R 47:

B(20) = 0.944/dcosd (1)
S BQO)K VI BE; L R S IR NS K (Cu K,
T CUR K 0.1542 nm),  d AR R4S (nm), 0
NATH . T35 PA/C AT Pds-Fe,/C i 4k 57 1°F
BrRifesy s 3.5 F1 2.5 nm.

Pd(220)04 451 Gaussian #4755, 3 3L 0447 &
Omaxs FHE KT o FTHRAE Vegard’s law!"] A3 (2)
THEAFH PR I AR A AL, IR TE 5 Pd-Pd )
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Pd-Fe JE 42 )n Pd K2R SRS L4

RYE Vegard’s law, FIHAXQG)IHEHAE Pds-
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X Pd)& 24.36%, i EDS i K #3 %] Pd Fl Fe
(7L 3: 1, B Fe IR0 500 25%, BLHILE
Pd;-Fe,/C HEALFIH Fe EELAE&HHRALE, M
FH A% 18 NaBHy 38 Ji 75 75 45 1¥) Pd-Fe 4657 T B B
B4 Fe B TFECH 3.7% %, DL S5 B m] 1
B ) 45 1) Pds-Fe/C AL FIA G AU RERE 5 o

a=2") /sind )
oL = Olo — KY(Fe 3)

Pd(220)

b

Intensity / (a.u.)
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K2 (a) Pd/C H(b) Pd;-Fe,/C fi:AL#]1#] XRD &3
Fig. 2 XRD patterns of (a) Pd/C and (b) Pd;-Fe,/C catalysts

A o /& Pd-Fe a1 5k i 2L, a, 4 Pd GA% i
£, k2 H£0(0.0156 nm), yr. &5 Pd TEHE 411 Fe
IR T4 8, X A =0.154056 nm, G4 HTH A .

P 3 24 Pd/C 1 Pds-Fe,/C fiE L7 Pd3d [¥) XPS
Kk, Pd3d wEHERAT 2 AN, 17T 336 A 341 eV
FeAq, 43 RN T Pd 3ds, Fl Pd3ds), (454 RENO .
H & 3 W%, Pds-Fe,/C #EALFIN) Pd3ds, &G HEN
335.83 eV; 1fii Pd/C fEALFIH Pd3ds, U4 H BLAE
335.40 eV Ak, 1] Pdy-Fe,/C AL 1K) Pd3ds), H
T4 RELL PA/C 1 0.43 eV, X HT Fe M HL 7tk
5%, Pd-Fe &4 Pd LT 7 #4 2] Fe |, T3
Pd;-Fe,/C f#ALFRIH P (1) HLfuf %5 FE [k /D« Osaka
R TS ERUR L Ve A

W LA, RS Pd3ds, BEIG UGS K
LT 335.5 I 337.5eV [R5, 3 %N T Pd°
A pd" g A ael AR &SR Pd R
Wil A e R TR B, R 2 ATLLE Y Pd/C
AL 7 PO & A 51.1%, /8T Pds-Fe,/C fi
WHI ) Pd® 4 5(73.0%). Pd LL Pt 5 5 4 A2
Pd 4 AL AR e PEAN T, NN Fe 344% 1 Pd $t
AfbtbfE, MWmdndl T Pd FRlAAY (Pd-OH X
PdO,)1ITE 1

FH v 43533 55 185 (HRTEM) X 6] £ (1) Pd/C FiI
Pd;-Fei/C HEALFIEAT T RAE, ME 4(a)nT LLE £,

% 1 PdIC #0 Pd,-Fe,/C LTI M LS 5
Table 1 Structure parameters of Pd/C and Pds-Fe,/C catalysts

Catalvst Pd-Pd bond Lattice Crystalline size  Atomic fraction of Fe in the Atomic fraction of Electrochemical
v distance/nm constant, a/nm /nm Pd;-Fe,/C catalyst/% alloying Fe/% area/ (m*g ")
Pd/C 0.277 0.391 3.51 0 0 44.51
Pd;-Fe,/C 0.274 0.387 2.54 25 24.63 52.79
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Binding energy / eV Binding energy / eV
K 3 (a) Pd/C (b) Pd;-Fe,/C {457 Pd3d i) XPS i
Fig. 3 Pd3d XPS spectra of (a) Pd/C and (b) Pd;-Fe,/C catalysts
T2 AEAESHPdHEERELESH
Table 2 Binding energy and relative intensities of Pd® and Pd"
Catalyst Speciation Binding energy of Pd3ds,,/eV Relative intensity/%

Pd/C pd° 335.26 51.1

pd" 336.90 48.9

Pds-Fe,/C pd° 335.75 73.0

pd" 337.60 37.0

(@) _2nmis

Pd particle

d”,="0:_??5 nm
Pd 19.93wt%, Fe 3.54w%, @ P 19.97Wt%, Fe 3.61w1%, (e)

Pd:Fe=3:1 ‘ Pd:Fe=3:1
wl E
5 3
S Pd S

Pd
Pd
d
Fe Fe
Il 1 L 1 1 - 1 L I A i 1 i 1 = il i 2 i
0 2 -+ 6 8 10 0 2 Bl 6 8 10
Energy / keV Energy / keV

4 fEALFIFES 1 HRTEM 1 TEM 5 &% EDS fgii &l
Fig.4 HRTEM and TEM images of the as-prepared catalysts and the catalysts EDS spectra
(a, b): HRTEM images of (a) Pd/C and (b) Pd;-Fe,/C catalysts; (c): TEM images of the Pd;-Fe,/C catalyst; (d): Overall EDS
spectrum of large set of Pd;-Fe,/C particles in (c); (e): EDS spectrum of individual Pd;-Fe,/C particle

Pd/C AL Pd 9KKE 7 W R AR AR, W 9OKRL A W AR AR AL, B Fe it D4t
&% EE 4 0.225 nm, S0 SR PA IS (BEE N T P RS, TERCT SAHDE I A A A i, X
—5 P (HEE 4(b)h Pds-Fe)/C AL Pds-Fe; 5 XRD 3 His i—350. K 4(c)A Pds-Fe,/C fiEALH
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) TEM M, 47 Pds-Fe, Fi 1-345) 43 B AE ik
Bk o B 4. e)sr il K Pds-Fe,/C $i T EDS
W FERAS Pds-Fe,/C ¥ 111 EDS i, EDS i K% 8
KA Pds-Fe/C Fi T FHA Pds-Fe,/C 4 Pd Fil Fe
(7T 5 & B FEAAAL, Pd A Fe Ji 1 LL#R R 3:1, it
B T A R I 45 18 Pds-Fe,/C HLAG S TG 73
— A EEEM .
2.2 Pd-Fe/lC gL FIX R ILRBIEMENLERE

K 5 4 Pd/C Fll Pds-Fe,/C fEALF AR AE 0.5 mol/L
HCIO, ¥ MR 2 th £k, I $-0.2~0.1 V
FEL A7 91 L A 1 0 I3 A 0 T RO /- 545 21 Pd/C
Pd;-Fe,/C AL AL 2E 3G PE LL R IR (IL R 1),
Pd;-Fe,/C LM AL 22 LE R AR T Pd/C AL
#, XFESEHT Pds-Fe,/C AL EA T/ NIRIAR,
ORI LR, 37 H Pd F1 Fe R4 4 Jn 2 1H0HH
180, Pd 7 10 LE 3R TR AR Bl 2 380

K 6 24 Pd/C 1 Pds-Fe,/C AL 7] oL Bl A 8000

1/ (mA-cm™)
[=]
T

| ' | . | . | ' | . |
02 0.0 0.2 0.4 0.6 0.8
ENV(vs Ag/AgCI/KCl(sat))

Kl 5 (a) PA/C HI(b)Pd;-Fe,/C it Ak 71 B A% 75 U< M A i)
0.5 mol/L HCIO, ¥ P FIIRIAA 22 i 22

Fig. 5 Cyclic voltammograms of (a) Pd/C and (b) Pd;-Fe,/C
catalyst electrodes in 0.5 mol/L HCIO, solution

0r
=1

-2

1/ (mA-cm™)

-0.2 0.0 0.2 04 0.6 0.8
EIV(vs Ag/AgCI/KCl(sat))

Bl 6 (a) PA/C Fi(b) Pds-Fe,/C AL HLAK AL S LK)
0.5 mol/L HC1O, ¥ 2 MEF1 9 AR 22 Hh 2%

Fig. 6 Linear sweep voltammograms of (a) Pd/C and (b) Pd;-
Fe,/C catalyst electrodes in 0.5 mol/L HCIO, solution with
saturated oxygen

Scan rate: 5 mV/s, Rotating speed: 2000 r/min
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I J50 IS IS A P 5 T R 5 e 7 4 ) i R o
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