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Abstract

Constructing a clean and low-carbon energy system has become a crucial task for global sustainable
development. In the process of this transformation, the development of efficient energy storage tech-
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nologies is of strategic significance for improving the utilization efficiency of renewable energy. Devel-
oping catalysts with bifunctional oxygen activity (OER/ORR) is of vital importance for the efficiency of
fuel cells and metal-air battery devices. The noble metal iridium (Ir) exhibits relatively excellent OER
performance. However, as a noble metal, Ir has an extremely scarce reserve, leading to its persistently
high cost. This situation has become a serious obstacle hindering its large-scale commercial promotion
and application. Developing non-noble metal catalysts with high activity, high stability, and controlla-
ble cost has become the core issue in promoting the industrialization process of zinc-air batteries. In
this paper, Ir/Co-N-C was prepared by using a two-step annealing method combined with the impreg-
nation method. Firstly, Co-N-C derived from a metal-organic framework was prepared, and then Ir was
loaded onto Co-N-C by the impregnation method to obtain Ir/Co-N-C with bimetallic sites. The overpo-
tential of Ir/Co-N-C is 304 mV, which is lower than that of the commercial catalyst IrO,, and its E,/,
(half-wave potential) reaches 0.824 V, showing good bifunctional catalytic activity. The preparation of
Ir/Co-N-C also improves the atomic utilization rate of noble metals. The research work in this paper
has certain reference significance for the preparation of bifunctional oxygen electro-catalysts with bi-
metallic sites.
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1. 5|8

LA GV AT RETRA S A B4R ) 8, RIS IE 3 S HER AR AR S R U B rT B AR RE TR B
e RAFEEOR IR [1]-[3]. M ST, Al 78 S A HL M (ZABs) Y T H B R g B % 58 1086
Whkg!, TAEHEN 1.66 Ve AMUZAEMERERE, MABAK, 11 HXNIRE A5 AL, BRI RIS
HEANE, DA HT R B AR & T I B IE R, 75 F Bl ZE A0S M v 150 4 S5 0tk Joe AL L I FH I 55
[4]-[8] BB FRFELIAT TRAE, 124 R AT T HOREE S, HSEhr R R AT 32 il T~ XU T R 25 < B AR R 1
AEIRAF0]-[13]. HI T FEBCREFEF i K (48 JFL(ORR) S5 HT 4 (OER) S B 5l 1122 2218, Hajth M g 7™ 532 [
TR E X RIS [14]-[16]. FFRHMEM T ORR A1 OER fEALALHEMI XU 68 AR K,
OB T ZABs ZRA BB O RIE . nyjo (X %] OER HLH N 10 mA-cm ™2 AL FI By (A E]
ORR 2 FI% HRL i 25 JBE ()~ (¥ FU L) 2 1] R HLGE 22 (AR = Bj= 10 — Eun) RV WD REAEALPERERI RS M. 2
A R, AE EBEUN, SR RGN, BB A RE R LT[ 17]

ORR il OER HTHLEE 4%, % FEAFPMIF . X ORR (U1 P/C)F OER (4141 IrO,, RuOs)
FA S A S 1 1 B & @ A AR P AR R I LS8 80 112 . SR, BN TANBE B AT 78 HL ZABs 1%L
THEEMEATE TEZR, UM EAMN R A B — L. 85K ORR JEME415r F1 OER J& 4 /iR &
PASRAF T R AE AL 7] o OB IR, AR B 42 Ja AL R AT T SRR &, AEAE TE IR RS IR B ORR A
OER ML BE R . X PR & 77 3BT S IS A X BB AR A 5 P AR T P AN DL B R A 1y 7 6 1
A, BN T AT IR ZABs 7E SEBRR I HETT I R A ) PR AS [ 18]-[22].

U 4 (TM) SRR AR Sy B 4 J JE r A AR R B B AR, IE AR AR 2 T A2 i 7L
N I FLOGVE[16] [23]-[25]. il A 2 SRIg (R IhRE . G54 TR AR T8 A A sl i) >k 12
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L TETETE, IR TR A RO AL, 6 TR s O T RV ME AN RS M B G EE HE[26]. HEHRIE, TM
AN E A BE R OER MMM 2 —, S A BRI L, HLA 0 i 1 H 30 2 B A0 8 47 1)
R E[27]. SR, EATH SRR, R ML ORR. N, {ENRILEEEINN, ATFEH
ZABs S BR N R RER T2 (28] RIS, A S A R e AR AR R A oK 5 4 B A R (B K
. ZALBAEB A BE)EN ORR B LS BB M, Wal& T Z MW7t K [29].

TEZFILESE TR T, LL Co 8 Fe JyHh O i & & 571 M-N-C HJ5 7 HL AR A0 7 22 I A 5 11
S A T BT BRI A, Xu 25 AR I Co-N-C 7 5 R BLH S i) OER 3% ¢4 FIA] 3252 1) ORR i1,
3P HAD ORI M-N-C A7 S, BUA ST oW Sh REVERE30].

TESEIRAT ST T T, AT Co-N-C XU g L AEAGTTI I S IS T BRIk, e S ot B I 43 ik
(156 1k B 2R I 72 o 51 2, L 5 A @ 38 K A B U TH IR AT IR A4 il B il 4 7 Co-N-C HLfi# 4L 5(Co-POC),
Tl T T A R TS A S MR 5 7 SR A 2 A 1T Bl o T AR S TR 2 R 5 ), SR 1 O R B T
TR SN B FRE S B A, DLRORUR SRR BT B A4 E5 48 . Sun S5 NIRRT —FhaT s <A st
W7 J7id, WHES R T 14 @A HLHESE(MOF) L2 458 Hh il 4 tH 2 2 45 M ¥ Co-N-C FL LR, JLAE
0.72V[31]. HTHIINREMATEMEAG AT, Hik, BRAVEH T HPIR KE G RIER B H & T
Ir/Co-N-C, 3L OER [ Fif7 ik % 304 mV, Ei» 4 0.824 V.

2. KBS
2.1. RF

INIKA T EREE(Zn(NOs)2-6H20) 757K A =5 AL (FeCli-6H,0) 2-F 3L K4 (2-Methylimidazole) . 54K
IR (HoIrCle-6H,0)  JG7K i (CH3CH.OH) FEE(CH3OH) S HI(KOH). S48 A1 BT FH B AR AT ]
BAME IR, SIS HI7K 38 2 B K

2.2. Co-N-C BU$1%&

BN 2.62 g 2-HHEKMA AR T 80 mL HEEHIRIFIEW A MK 1.34 ¢ WHERES/KEDY
(Zn(NOs)2-6H20)5 0.15 g R #(Co(NO3)2-6H0) % % T 80 mL HIEEH, il s B BHJG, W A 1
B B IRA, FMRIRAYIEREE 30 min, AJEEERRN 24 he B2, AR TUEDIEAT SO0 EE,
H K LEEBE G, SR G HE 60°C I B N T, K= & T8 U, ZEE S P I 950°C,
HAREFE 1 h, #1143 Co-N-C.

2.3. Ir/Co-N-C B4l

BEJE, # 20 mg (AR (HalrCls-6H O) I E 30 ml 252 F/K h 3RSV C, K175 1) 100 mg Co-
N-C fEH A B N 8T Cirh, AL 2 h, RRMSEHFE 2 h. 25, BB OURENTEFE,
2B FKBEREIR, FAE 60°C FIMAE T4 KpE i B T8 U, FE&SR T 350 CHE 2h, 152
Ir/Co-N-C,

2.4. EHFIGSAFIRAFE RN

A SCIE T 3 T B (SEM)E AT T AR S RO TE SR I B X S 2RAT 5 (XRDYWEFT 1 FE S 14
AHEER .

FELAL 2 2 1 FH FE AL 2% R0 (CHI 760E), %3 = M AR RSEAT AR,  DUERS [ % A (RDE)
NTAEEAR, KR AN S L B AR 23 5 A B e e AR R Ag/AgCl HLAK, RN 0.1 mol/L KOH V& .
WA TR BALA AL N AT S B (RHE) AT, 4 A 2K
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Egue = Eng/agcr +0.0591x pH +0.964 (1)
Horr, Erup AN T RGBTV, Eyyppo ARG HIHNT T Ag/AgCl ZHEHIRITHALV),
pH HIFLARVRT pH 45 .
3. /RS

MIE 1(a)y Co-N-C () SEM K, KIILRIEETE A+ “IHARKIES, fE08 Ir USIRE 1 2B -+
HITES . B LSS BRI G, R, Refg et 58 2 RS PR AU 2 R

(@) g (b)

Figure 1. SEM images of (a) Co-N-C and (b) Ir/Co-N-C
[&] 1. (a) Co-N-C and (b) Ir/Co-N-C #J SEM [&

AT TR Co-N-C A Ir/Co-N-C [IWFHEE M), AT ILEAT T XRD WA, Wil 2, Mlatel R H, i
W — R, XIXAReEH T Ir KB 250 R, AN SE F A 3E W g2 IH B 148 Tr dHx R
f XRD 155, XA M T Ir Ao H D BUE mai s & 8N S 80 .

, Ir/ICo-N-C
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Figure 2. XRD patterns of Co-N-C and Ir/Co-N-C
[ 2. Co-N-C and Ir/Co-N-C #J XRD [l

N T TR ) SE R D Re AL 5 1, AT 23 04E 1 MKOH A1 0.1 MKOH #1T / OER/ORR i,
It/Co-N-C i A7l 304 mV, KT Co-N-C it HLA7 (354 mV)FIF L Ir02(390 mV) (& 3(a)), HIHEEFER
BN 165.53 mV-dec™, KT R 1r02(200.15 mV-dec™) (/4 3(b)). Co-N-C ] E;n A 0.842 V,
Ir/Co-N-C 1] E1o 9 0.824 V (1€ 3(c)), HIEFE/RBIEE ORR WEME—F(& 3(d)), R KT At
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Figure 3. (a) OER polarization curves of Co-N-C, Ir/Co-N-C and IrOz catalysts; (b) Tafel slopes; (c) ORR polarization curves
of Co-N-C, Ir/Co-N-C and Pt/C catalysts; (d) Tafel slopes

3. Co-N-C. Ir/Co-N-C K IrO> £ FIRY (a) OER #RILEIZE; (b) HIERFIE; (c) Co-N-C. Ir/Co-N-C K PY/C 1L
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Figure 4. (a) High-resolution Co 2p spectra of Co-N-C, Ir/Co-N-C; (b) High-resolution Ir 4 spectra of Ir/Co-N-C, Ir-N-C
& 4. (a) Co-N-C, It/Co-N-C Y Co 2p S5 ##ZEENE; (b) I/Co-N-C, Ir-N-C B Ir 4f S 7R ENE
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AT XPS WHREEW T fi# Co-N-C. Ir/Co-N-C I Ir-N-C KT 458, MIE 4(a)Fm] LLE 20T T
Co-N-C, TEMEEKLAG M= RS IERS T 0.3 eV, T 4(b)H Ir/Co-N-C X HE T Ir-N-C [AfIREEL 51 5% 1 0.4
eV, FW] Ir/Co-N-C 1 Ir Az s J& Bl i i 25 JEIG I, L7~ #f1 Co [) Ir %42, 1r/Co HIAHEAE A F T2 T+
Ir A7 SR SRR DD e A V5 12
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Figure 5. Electrochemical impedance spectroscopy diagrams of Co-N-C, Ir/Co-N-C
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Figure 6. RRDE tests with the percentage of peroxide and electron transfer number
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4. BER5VHE

2i BPnA, RATEE IR PRI TR T Co-N-C, RJGTE Co-N-C FEFBHMEEEE Ir 35157
It/Co-N-C. Jlit AL Z MR EK B, 1r/Co-N-C [Jit A7 304 mV, ik FAZ (KT Co-N-C(354 mV)FIH L
[r02(394mV). Ir/Co-N-C fE#2F+ OER ALIEEMIERS, AR T R ORR iG 1 (E1»=0.824 V), HiHN
T AT SN R AL NG o Tr/Co-N-C 42T T St & @ M R PRI 2, BT 1A SR g
B, BN E IR, ARIRE SRS B, R PP IR K GG IR ER T
BB XA B AL I RS A H AT Tr/Co-N-C, 3 Tr/Co HIAH BAEFA FI T 32T Ir 17 2 80U BE A
PTEYE . X I e AL 5 B — e i S AE

SE
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