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Abstract: Cathode catalyst is a dominant parameter hindering the development of proton exchange membrane fuel
cells (PEMFCs), exploiting non-precious metal based catalysts with low cost and high activity has become an ur-
gent task in recent decades. In this work, a non-precious metal based catalyst of heat-treated nitrogen doped carbon
supported transition metal based catalyst (M-N/C catalyst) was chosen as the subject, and a series of
Fe-PPy-TsOH/C catalysts were synthesized with iron salt as the metal precursor, BP 2000 carbon black as the car-
bon source, polypyrrole (PPy) as the nitrogen source, and methyl benzene sulfonic acid (TsOH) as the dopant. The
effects of heat-treatment temperature and cobalt-doping on the phase structure, morphologyand catalytic perform-
ance towards oxygen reduction reaction (ORR) were comparatively investigated. It shows that 800°C is the optimal
heat-treatment temperature to prepare high performance Fe-PPy-TsOH/C catalyst. If the iron in the Fe-PPy-TsOH/C
catalyst is replaced by appropriate amount of cobalt, its catalytic performance towards ORR could be further im-
proved, and the best ORR performance could be achieved at a cobalt cotent of 33.33% (Fe:Co=2:1 in ratio) in the
range of 0-50at%.
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FREC— 5 211 BP2000 k22, A &40k
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112 EEFMERK
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Fe;.«Cox-PPy-TsOH/C (1)1l #: #XHL 0.5 g PPy-
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#1 #UF Fe,.,Co-PPy-TsOH/C ShkFIshE
Table 1 Content of Fe and Co in Fe;.,Co,-PPy-TsOH/C

catalysts
Fe:Co
Catalyst Fe/mmol  Co/mmol -

synthesis ICP
1 1.000 0 1:0 1:0
2 0.750 0.250 3:1 3.127:1
3 0.667 0.333 2:1 2.066:1
4 0.500 0.500 1:1 1.077:1
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Fig. 1 XRD patterns of Fe-PPy-TsOH/C catalysts synthesized
at various temperatures
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Fig. 2 Raman spectra of Fe-PPy-TsOH/C catalysts synthesized at
various temperatures
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Fig. 3 TEM images of Fe-PPy-TsOH/C catalysts synthesized at various temperatures
(a) 600°C; (b) 700°C; (c) 800°C;; (d) 900°C; (e) 1000°C
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Fig. 4 Cyclic voltammograms of Fe-PPy-TsOH/C catalysts syn-
thesized at various temperatures in oxygen saturated 0.5 mol/L
H,SO, solution at a potential scanning rate of 5 mV/s
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various Co contents

(a) Fe;Coo-PPy-TsOH/C; (b) Feg75:Co025-PPy-TsOH/C; (c) Feg.666C00.333-
PPy-TsOH /C; (d) Fey5:Cog s-PPy-TsOH/C

L(a)
1400 1€ Ads. Des

—a——a— Fe-PPy-TsOH/C
e mame Con.zsr:e:: .-PPy-TsOH/C
—a— 2 Coy 355F€, - PPy-TSOH/C

1200

T1000F o CopiFe,-PPy-TSOH/C
5 so0t
=2 600}
400 -
200 -
00 02 04 06 08 10

L1 B, AR, MOk A= B B HR LS, X4
PRI e .

ICP 15 ¥I 11671 Fei«Cox-PPy-TsOH/C H14k .
BB PO LR 1, nTRUR I, S B 1S 6 4 L 5
R BN R S S e T I AR e, B
PEMEACTI B i B b 4 B I B R AR D SR 138
AP LU S i A0 7R o Rk s e T v,
T L (R 70 A1 46 1 R Ak B o R 4 R 1) 453 2 s
Tk

Kl 7(a) A AR H B 28 AT Fey xCox-PPy-
TsOH/C (120 AW Bt Bt & il 2k, bl U o1 5045 210 16 4%
AN BET RmA i 7(0)fiR, ol LA H,
JIT A 1A 700 PR R B J LS 40 4 58 4 T W), AN AP AR
STESG O AN A - I NI IVl /S ol o
Fe,«Cox-PPy- TsOH/C FAGAH R FLERAER . (HZ,
FHEAF LR TR A AR RN 2 . D REES
FeTT DA £ 510 1) L 2 TR B 5 el 45 2t (10 186 g
R, AHZ B 5 253 KT 0.333 1, fEAFI L
F AR K 1M A b

Kl 8 A B A E LT FeixCox-PPy-
TsOH/C E4 /MR 0.5 mol/L H,SO,4 W (K1
ARz 2R, "R, M B2 E N 0.25870.5
I, R 0 7] PR R0 D e H A 349 LU R 45 9% (1) Fe-PPy-
TsOH/C A3 AT B#A%, (H 4945545824500 0.333 1Y, fi
B Feo.666C00.333PPy-TsOH/C [1)480 34 J5 168 B 437 T
LS8 B S v TR 4B 2 B AR, 0 B L A D f
G TEAR 2] T W B . S5 AT ML RAE, M
3 Feo.666C00.333PPy-TsOH/C FL AT f i 40 IR A AL
P RE 11 32 22 g PR AT LA 1 I A RN 1 B ) A
F+ CoFeyOy IR IEAE I LA B 2% 0o 85 F 2 B L 3 1
FRIIIE K

1200 (b) 1121
1000 943
825
800} §
600+

400} \

Specific surface area / (m*g ")

200 \

0 & R RS
FC'PPY' Fcu?icnllz.i' Femmcunnz_i' FQ,_SCO,,S—
TSOH/C ~ Ppy- PPy- PPy.-

TsOH/C  TsOH/C TsOH/C

7 ANEAEBIRE AL FeixCoy-PPy-TsOH/C K&/ #h £k (a) Al BET ELEH (D)
Fig. 7 N, adsorption-desorption isotherms (a) and the calculated BET specific surface areas (b) of Fe, 4Co,-PPy-TsOH /C catalysts
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tial scanning rate of 5 mV/s
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