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Recent Developments on Advanced Electrocatalysis for Oxygen
Reduction Reaction

ZHAO Pingping *, HU Kai, CAl Ping, CHENG Gongzhen
College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, P. R. China.

Abstract: In this critical review, we summarized recent novel electrocatalysts on oxygen reduction reaction (ORR).
ORR acted as a reaction on cathode in fuel cell. How ORR proceed would directly influence the efficiency of the fuel
cell, so that developments of catalysts toward ORR with an advanced activity become highly desirable. Among all the
catalysts, the state-of-the-art commercial Pt/C cannot meet the practical application, due to various limitations. Non-
metallic material and non-precious metallic materials were studied in recent years. These materials were considered
to be a potential choice to provide a good conductivity with a cost-effective and abundant resource in nature.
Additionally, a good stability as well as an excellent tolerance toward to the small molecules makes them a perfect
candidate for ORR. The development of novel composites to achieve an outstanding performance toward ORR will be
a promising program, but still of a challenge.
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(b) Oxygen Reduction Reaction Pathway

In alkaline solution:
4e pathway 0, + 2H,0_4¢€ 40H"

2e pathway 0, + 2H,0—2¢& HO;
HO;+ H,O —28+ 30H"

In acid solution:

4e pathway O,+4H —48 . 2H,0

Ze pathway 0,+2H —28 . HO,

H,0, + 2H' —2& . 2H,0
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N T AR B A, EORFF B AL s PR AT IR T, I/ P SR s F A AR 5t 2 R 4
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Adapted with permission from ref. 25 Copyright (2013) American Chemical Society



36 K %t 2 Vol.34

TERRMEZ61F R, Fe-N-C AL 4G A LITE 0.95 V 4b. E RRDE MRk A, 3 A% fL J8 AT BA
TS =R 7= s, Wk 2b frs. HE 0.8V, MRHMKH A B &1 = (—% ik
YDIIEAL . 1F 0.6-0.7 V AbH — /MR IFHIJE 6, X 0] L BIFE Fe-N-C K &+ OEST HLEEE 15 1AM
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Adapted with permission from ref. 25 Copyright (2013) American Chemical Society
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ABATTHE AN [R] S0 5 A A A S 4% (GO)E FIAS 21 ) N-rGO FEHEAT B4k % ORR Tl Ji5 (ML IE 0PI A %0
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Adapted with permission from ref. 35 Copyright (2013) American Chemical Society
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0.1 mol-L™' HCIO4 HLf# ¥+ (K] 2b), Fe-N-C L4514 JE 1) RRDE MR I T 58800 248~ K AAHE
[F A A 2R . S04 i 45 AR I D 46 F 94 55 3 R 10 3 A 0 e TR AR T S A 0 R B B, X 106 BH R
PSR AT RIS A A R AR P B ORI FR R PR A, I HLRR S AR e AR AE,  HoRd 5L R Wi .
N T AEWIX ARG, R MRS R HEAT T Fe-N-C M {bid AL E0E iU B (HRR), WIE 2¢ s, A
DL, HRR 3772 RN GRATH . X5 T il A S 5 AR 2 MRS s A sl il J s
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AN EERTTR B AR . Yu iR A 2 B 20 5 21 45 3= 400 Ak Ja e <
HE RS R DRI 4 RS SR I T ORR 467 . XPS SoniZ#t ki N 28R A 35
IR MEIE R, A SRE. A S S PR (ICP-MS) B s &8 & =K T 0.01% (i &0 %)
ZIT T AT B R A 2 0.8V, T HBECN 3.97. ORR PEREHEZE PY/C. Wang ZEMINIPK %
JCE I N EIBRA R LA ol 7 A S . A ATTSR A — AR RGE SRR B S B2 A SR, (E
Fi CO, (Lh NaCO; JERAFFE)VE IR, — Pk miB M8 S A0 A 8%, RE G MRS
FREEAFNEE AN RIS S ACR R, (HR %7 IEX T AR Vel = N T &

3.1.2 N, S WnRBHRIIBEENLT]

WICER B AR AR, o5 2 57 2 18 5 P [ A A L bL T 245 2 T R AR e 1
J7 o Lan [ EH AR IE T DL MOF-5 /£ 8 2 LI AR 35 28 N BB /5 /E N ORR 467 Hrp R %
A HPRA BIE N B AR IR, SSEBR Ly 3 0 1 I, e AR SR P T e A 7R 2 B e 4 £
ORR MHEALIE M, HAZ R R E FHON 4. X2 T RSB 245 b FEH 51
3.1.3 N, BXUTLERB &M REMET

B T HEAR BONRRR, @RI T 450, TTULRIA B sl 7 IR R L 5 AL T
DABE B AR T L . 78 B, N LB kYK, B 5 N s 77 sU& 5% ORR AR K2
Ll B—N EAAFLER, ORR 5AEFJLTFEAHAZER; 2 B, N 48540 A 754 58 F A sy ) mp LA
KYLHARIFH ORR, XZAHT B 5 N Z A0 E4E A& s . @i 842 JFURHAD bb R s 3 B mT i
B, N f s 7750, X B, N ANLLB—N 8 AXAFER, AL 5865 R B H B4 1 ORR 75 11451,
Ajayan ZEFOHRIE T MBRGIOKE 15 B AL A 8615 (GONR), 1M /EHEHT B, N 544159 24 S5 94 KA
(BNCNR). IX&—/N=gEZ LMk, HRI T T PYC 7 ORR J& 1. R MR A B FE
B, N o] i 2| nf 4245 2% .
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Zhao MIGSEHIIER T T LAF 4k 25 5 0 R B 2 S B D DR RN R 7E il T 0 A5 21 i i A ) 1
ORR MEfE. ZJ7EERAN N FERAFERIE N. N—O. M N. HFREI, 4B NP EE
45 2247100 C ITEPEAR I — e 24 B0 . Gou MUBRFRZAHISHRIE T N, P L4542 104 S8 0 /B 40 K A
W) DA i R R (PA) 23 9 VB N B AN IR o (AT ]R8 A 52045 (GOYE N RIS, PA 1E N5 22 YR Al
2 ke 2 A 2 i TR B 15 B B R A PA B 1 GO. b4k, PA iEBEMCR LI R, 389 K BT 15 fiE 4k 771
() b 2 THI AR o 4398 FL 5 (SEM) &S5 5 3 7 Y, SR IR e R TR 1) T T BB 7 A I B 9 K SR 78 25 72 GO 1Y)
FMh, H HLIX BRI 9K AL R 22 FL I = BIR S5 0 X PP %2 AL 45 R mT it — 2B A B Bt FLBE (TEM)
WER, X2 LIS YA S BR EE RS, B2 ORR V& PEIR A W R A .

3.1.5 F,B,N =uEB3MBEMELT

F CE WX AR ORR I PEF 50 . Zhang 2594738 7 A48 M4k57 F, B, N =it
T BB ) 1 S LA SR SR AL TR B 9T F F0 R B RUI5 2% B AL A B IE RS 4 A0 2 i iz, )
I B A B AR IR . B 844 2 J5 WAL R 0 S0 S5 TG 1 5 R 45 2% B IR AL 7 i AH bR A B 2 1)
P, ARMEAFZLE B B244)5 B THEBEEL PYC, W B KB4 KN 17 #4751 4 #B1
L i pvirk 2
3.2 EHREREMN

MIAE S & B (Fes Co 25) I NIRFEEMEALFI LG, AT DAAR KRR B $2 e 2 A4 A 771 (1) S0 TR v 1
HH, Bt R EATE— & R - REAE MR UL Al 2 0 BT T I ) SEBR )8, Lh i S Js A il . BOA &
T PEA L AL AR B 20050, R AR SR, &8 A HLAE ZE A KL (MOFs) I BIF 7T LUk 1) 2% 1 v ik R FE
Fe % MOFs fll Co #& MOFs 7508 i [ MAE AL B 78 7R k4 T IR EZERIERH . & JE 718
MOFs [IHEZE d LLEC A7 I 510 Ao 24 LA MOFs ARTIRARIS , B S 3RE w0 B . Xop
B2 A PR S AR R ok, AT 3R HCBE vy (1) 4004 B fEE Ak s
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3.2.1 Fe # MOFs 7£ ORR ] 5

KH Fe 3t MOFs {F4 Fe Y5 1] LA SR FHEAFIH 14 8 e 2 10 7 dhE . 7E3REL Fe-N-C {1k
FIES, PR B RIE R E YT UAE NI, B A RS A YL T 0] DAE A BRIR . Fe-N. C-N — ik
A ZRAEFH ORR G HEAL AP, Wu [ 8 ZH B3R IE T DL MIL-100 AR , SREEI %5
TR IIBR K . BRI, IR MR A ) FesC A& AL T AT B0 /A0 BRI B A A5 H 1) 5%
B o Z T FIREU AL TR R R B 3 ZE DA A AP TR, B A SRR RE & EAM R R T Pt 2 e,
Pt 45 A REAIXT PYC HH I Pt NS A REA FTRAS: H N AN TI%E 58k Pt A BIGE P N e
Fiim#s, W Pt 5 N Z A4 B8 A EAEH .. X AT RE R %ML 7] ORR iGTER F M EEF A . Feng
IR AR ZH O 78 7 MIL-100 /E IR, S-ZE-DUME N RIR B L. A&, 8\ k. =%
FHE . SR 5-5FE- DU M1 R BRI SR A M AR IR 5 1 51 . Feng 38 H 4 B2 W 1K Fe 252
SEALAEN, 3FHBHEN ORR HNEVEAL S . S 4 Fe—N £ K170 X T 400 J 100 PR32 v 2 1R A 75
B
3.2.2 Co # MOFs 7 ORR H R H

Co % MOFs 7E i e 72 A4 fE BE % MOFs JESUIPHE . 5HFEIN, Co [ 7T i K4
T 49 K BFRE60), Guo S B ZHI 38 7 B Co-MOFs 1EK Co U5, I8 AT 455 & i — P — K% W58 45 4
I KM R Co@Co3;04@C-CM. TEIZLZEMH, Co fENE, BARARES C HE/EHAEL ALY
i) JE) L 52 R B 2 6 B, RT3 7 ORR 3P, X — s S8 1 R 2R o 17 LR ZIF-9 1Bk ts
B Co@Co3;04@C B RM SR %= . 5 ARSI MOFs AL, 499K R ~F MOFs 764 [A] & 44 N & B
AL LA AL it A . 78 Co-N-C 4L, Co #lifr B )m ek 484, H Co—N A8t Al 77
1T % 45 fg rl62-641,
3.2.3 %48 MOFs 7E£ ORR H (¥ )5% F

AR & B, Fe AT TE— ML Co ZEMALFE; 1 Co FEMEILFIMIALEMELL Fe HM
T R, N T RIEPE IR, A IHRBHEH Fe, Co X5 4 1 HT R ME 4 8 ¥ . 914, Wang
L2151 ] Fes[Co(CN)gl2 713 £ U fE 5, #7453 — L )5 45 ) Fes[Co(CN)sl.@PDA NCs. %X 4 J& 57
J7 RAVE AT IRAR B S B Fe, Co LB ML, F4b, Zn fEmENE 5 FH4E, # Zn 5IN
MOFs [¥1 454 v o] LA R ik 3] 43 854 JB 10 H (19 . Jiang FRUE SR IOHRIE T — 48L& Zn, Co M4
J& MOFs (BM-ZIF-20). X 77123845 B AR R I H 2 R0 L &5 1 . i bEER AR . &A1k
T2 B A B 350 50 B 2% S 90 A
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— MR YE, AR Z FLBR /B 9K B 1 A k2 DAl 1) 22 FLA B30 2 PR T 0 A A5 11 9 1P 0 2
B, IXATRESE BT 2 FURR AR 9K 2 T80 6 W TR 4 3 B e IR e A SC iR RO 1k F 2 SLATRHE A
PR AE FRE A 770 A B R b i 3 22 2 FL 5 AR (08, R B 7 AR AR T I R PR I N B 0 K A B B
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