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Abstract Proton exchange membrane fuel cells are considered as the most promising alternative to solve
environmental and energy problems due to their green, sustainable and high efficiency. The core of fuel cells is
catalyst, the most mature catalyst at present is platinum group precious metals. But the high cost of catalyst restricts
the rapid promotion of fuel cells. In addition, platinum group metals are sensitive to CO, NH, and other gases,
making the fuel purity requirements harsh. Therefore, the development of high-performance low-cost catalyst to
replace precious metals is an important way to promote the commercialization of fuel cells. In this paper, the research
achievements of Fe-N-C catalysts for fuel cells in recent years are summarized, and the effects of Cu, Co and other
metal doping are reviewed. The effects of preparation method, support, nitrogen source and metal doping on oxygen
reduction activity and durability of Fe-N-C catalyst were analyzed in detail, and the deactivation mechanism of the
catalyst was discussed. Finally, the future development direction of Fe-N-C catalyst was prospected, and the plan of
improving the activity and durability of catalyst and optimizing the catalyst layer of fuel cell was proposed.
Keywords Proton exchange membrane fuel cell, Oxygen reduction reaction, Durability, Fe-N-C catalyst
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Tab.1 Properties of Fe-N-C catalysts in fuel cells in some literature
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Fe-N-C+S/5 7 e -V i 1k 4.0 0.4 0.15 / / [19]
Fe/N/C-recry BR S 3.0 0.8 0. 65 0.8 1.36 [20]
One-pot/Fe/N/C BRIE 2.5 0.3 0.17 / / [21]
Fe-N-C IR AR 4.0 0.42 0.43 0.39 0.86 [22]
ZIF-NC-0. 5Fe-700 KR 3.5 0.52 0.32 0.41 0.7 [23]
Fe-N-C IR 2.0 0.53 0. 43 0.47 1.18 [24]
Fe-N-C bE25iRiN 3.0 0.5 0.32 0.4 0.49 [25]
Fe-Pani-rGO Rtk 6.0 0.3 1.47 V / [26]
Fe@ MNC-OAc ARG 3.0 / / 0.6 0.903 [27]
Fe-N-C =ik 2.5 / / 0.42 0. 837 [28]
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WEHERME W,

Barkholtz 25 I 1, 10-JE I w1 £ I 0 8 2
S T AR Fe-N-C fEALF, HATAANT A
LI BE R FeN, 7 Fe 32 i B2 vh HLAT B8 8 19 35 A
Hr [ FHRE 55 e ORI EUBC A Y Fe-N 8K 2
Wk 1. 88A 1 2. 08A , HIV#5 4 Y Fe-t I 2805 2 o
MRER Y Tl A - SRR L It 7 80°C T
YEAERS 76 0.8V F 33 T 115. 2mA/cm’ A H
WA FE 0.6V B33 T 325. TmW/em® Y U)K
BRI 2 A AR A A ) 9 A
FTHE, Chi %7 H g-C,N, il % Fe-N-C {1k
F e AR5 0 4 Ak 390 7 B8 P A 5 b R B A S
ORR 4k 76 . i i PEMFC 3, 7€ 0. 8V Al
0.7V B FL YL % BE 43 1 24 133mA/cm® Hl 400mA/
em’, HE AR R TS &L BT IA ¢-C,N,
ARAT T Z IR S5 K R % BE Y Fe-N, R, PR
HUVUHIH g-CN, Hil & T — &5 Fe S AL il
it XRD /i K AR B 24 ¢-C N, BIEALT] Fe fi7
SR AT B AR g-C,N, WEJBE, X F W g-C,N,
951 ART LB 1k 8k i P 2R A2 iF i J2 4l 2 Fe, AL
T R T8 B0 PR AL IF B AR A & A
BALFERE X TR o-C N, 5 3 M It [H] 45 F A 2k
P14 Bl 20 DK A5 DG 3k ol A 3R AR A T i R E Pk
AR AP, I LSV il £k 20 #r X He & B i A
KB A ¢-C N, HEALFIFE 0. 1mol/L HCIO, I
P HL A 0. 76V (vs. RHE) , Lt Pr/C AL FIE
60mV, 7£ 0. lmol/L. KOH % 1, 2 Il v 37 31k %]
0.86V(vs. RHE) , % H Pv/C & 30mV, X FKH
JA g-C N, AT LA 5 Fe A 10 70 76 B 1k Fn R 1
A 5T v B AU DR 1

K FH 0 WA G20V T L i b e -4k O
V7 25 P i R R S DT 4 5 o-C N, 1T DL AR
AN A BACFE G B TR IR Fe T6 078 A AL
B A ASTE R At REE St 4R
TEACTAE FH T AS T, 3t AT L of X 44 £k 551 480
XA

F T ARAFA S 1 SR A R T M T LA BT
GAAEE AT B 3 2Rk B — T 1 AT DL Z)
Tl Tl A L 2 T E B B AL 45 A T RS T, S — T
TH] 22 S RB A Sy LR AE B 3R R 48 BB UE 2
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G M . Medard 25K 426 BT 9K AR 43 9 78 &
SR A5 L 900°C A 15 B i)k T+ CIFeTMP
AT, IR 2 B RS LS B B9 i LR Tafel
BL# — 72mV/dec, ¢ T + CIFeTMP i 4k 5 K
-86mV/dec, Tafel A} 3 Wk /N, 4 4k 7] 36 M F+ &
R T ML AR R D, 0, 138 B 43 fifk 0] R
AN BN A R T I EC, SRR F A A 00 3 A £ 7
FE 0. 4V B H R % B AT LA 2] 0. 38mA/em’, i
it RDE ¥ I 5 1 7] ) 408 ST 1k 0 e B, 2
AR T AU D H T BN 4 AR BN DY H R
N A BN ORR W6 . BRELEE 4 BITE R
AR 700°C % i 9K 1A 15 2 FeN/C NH, il
FeN/C Ar #4651, B4k 2% 53 7 B 7R, FeN/C NH,
8 Ak 50 (0 2 4R R AL (0. 78V ) BE K T FeN/C Ar
(0.82V) ,H /&8 i 2 K IM# 5 FeN/C NH, HLIR
B A T 7.38mA/em’, i FeN/C Ar H A
3.80mA/cm’, XU RE RS MIEH T T
Koo U 4 JE A ALY, LS R 5 A U 4 JE R IR
6A W B IS PR 43 3 5 A0 F R B fil, R AR T R
ik W B R B 5N i O EL ) Tl 2R AT, DT 4
TAEARIE M 38 A A 7 I 3 B 283 R
SURIAR AR R R S A BT R T, R RE =
Sk HETINT M E TR A A X DL R i Ak

PERESR I — B M ik 12

6 HiLSRE

AR SCHEE T [ A A 8 B ST O L A 4 T O
Fe-N-C HEAL ], I AL R 60 1 75 05 3% 300k VA
WATF M T 28 PR A PEBE . Fe-N-C fiEfk
FR 3 TR G AU, AT LS Rk PG A 5 A 4R
&% IFHST CO gtk B B Lr . (HORAETR I
FAFT  Fe-N-C AL OB Ve ik A T 52 T AF
P4 Jm AR Y A R N BE K B IR PEMFC Y A
R AR Ak OB FL b ) R AR R

AR TR B 45 Ja A AL 7R A F 5 AT DA
JEHCAE LR JLANI7 1)

(1) F TR 5t 4 8 A A0 70 B9 T A 1Pk 5 52 B ™
b A IS P 8 A7 A 3 — A B 22 1, 7F DR UE i I
P £ () N SR B o A, B Ap 3 Y A i A 2
FATH T AT S5, W RO R A R
PR35 P 0 23 0 AR EL A L BIL B oA 41 w55 i AR 50 79
TiEf AN 5 ] FL AT e B SR T R AR 1 2% T 9
o 5 B 3 AR 1

(2) =TT Co Cu 54 B TR B4 i

AT T 4 5 W, BF 5T A [R] 4 J 9 M-N, A2 a5 Y
AR T FL 45 K A1 B E 22 9 B2 )

(3) R HI B 2 5E it iy R AR T BE 5 20 A 07 i5
i X {7 P P 2R R T BILER B 9F 5T, A4k 5 A
AF B < Ja AR TR B0 T 1 0 5 R 4R AT A i 2
B T PR B Jm AR R R

(4) 57 F ML G 2T OB L 3 R ML R ]
0 ot R 4 AR B AR 5t Jm A AR R AL TS
B e B, RS2 B Bt 4 T A Ak R 7 0Ok H
9 R MBS I 7 2 i 22 UF S5 SRR BB S T A B R
ORI

5 £ X #
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