5425 2% ZhiLRKRFHAHFFIR Vol 42 No.?2
2005 % 4 JOURNAL OF NATURAL SCIENCE OF HEILONGJIANG UNIVERSITY April, 2025

DOI. 10.13482/j. issn1001-7011.2025.02. 103 $FEMAE : https:/hdzrxb. cbpt. enki. net

HENEBEAMASHERATE -

H

St

oo, EAHdL, T
(MG /RIEIRE IS U S5 1 TR0 el A B B E S S SR %, IR /RE 150025)

i OE, TAwg -ZTARbEA LSRR ERRRALSE, RA T —RABRERGEARF, 12
HZ R T2 A MMBE R AN B R (Oxygen evolution reaction, OER) 3 /7 i 42, & /0 - & 35 3L
PRI, WA BEIEAF R R E BEAEHFER S D RAMAE T ERE A, BiZitETEE
FABACT A ZAR A S, BT ARG ARG T EmAEHER EMET SRR
Ry B LAFMEAF] CMO/CC,Z LM AR $LARA LM, XX REZ SN EREL, £
WPEIR B P 2 CMO/CC 17 69 OER HEAE AT T AT A, 2 R B = /AF /£ 50 mA-cm > 85 K &
FHEFETEREA352 mV &gt i 48Tk AEdh, sboh,CMO/CC LA TR 694F - A Wil A
A 1.47V Fad BB FHOTEIRIETM, £S5 mAcm "R FEE T TAFTHEIR 230 h 7 £ 84

B E o
X ALY BMBRE; - T AR A LEELA
HESZES: 0643.36 AR ER: A LERS: 1001 -7011(2025)02 -0174 -08

Cobalt-manganese bimetallic compounds self-supported
electrodes for Zn-air battery

SUN Zheng, WANG Qiaobei, YU Peng

( Laboratory for Photonic and Electronic Bandgap Materials, Ministry of Education, School of Physies and

Electronic Engineering, Harbin Normal University, Harbin 150025, China)

Abstract: Rechargeable Zn-air batteries, recognized as an ideal candidate for next-generation energy
storage technologies due to their high energy density and low cost, are fundamentally limited by sluggish
oxygen evolution reaction ( OER) kinetics at the air cathode, which urgently demands efficient catalysts.

Although noble metal-based catalysts exhibit outstanding performance, their scarcity and high cost impede
practical applications, rendering the design of non-noble metal-based catalysts a central research focus. A
self-supporting catalyst named CMO/CC, containing cobalt-manganese oxides was successfully fabricated
on carbon cloth through an electrodeposition strategy followed by thermal treatment. The as-prepared
catalyst demonstrates a porous nanosheet architecture, enabling abundant exposure of active sites.
Electrochemical evaluations in alkaline electrolyte reveal that the CMO/CC catalyst delivers an OER
overpotential of 352 mV at a high current density of 50 mA - e¢cm ™, outperforming control counterparts.
Moreover, when integrated into a Zn-air battery, the CMO/CC-based air cathode achieves an open-circuit

voltage of 1. 47 V and exceptional cycling stability, sustaining stable operation for 230 hours at
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5 mA-cm~* with negligible capacity decay.
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Fig.1 SEM images of CM/CC-precursor (a), CMO/CC-precursor (b), CMO/CC (¢), CO/CC (d) and MO/CC (e)
and XRD pattern (f) of CMO/CC
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ﬁffi::,CMO/CC () Tafel 4% % 72.72 mV -dec ™', /NF CO/CC (75.07 mV -dec ™) MO/CC (98.79 mV -
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Fig.2 OER performance (a) and corresponding Tafel sloapes (b) of CMO/CC, CO/CC, MO/CC and CMO

F1 CMO/CC 58kt B HEMLFIH OER L ERE LR
Table 1 Comparison of the OER catalytic performance between CMO/CC and literature-reported electrocatalysts

AT W,/ mV KOH R HEE / (mol-L7") % / (mA-cm ™) 27 Wk
CMO/CC 352 1.0 50 A
Co-NC@ LDH 389 0. 1 10 15]
MC@ NC 360 1.0 10 18’
Co,S,/NSCP 370 1.0 10 23]
CoFe/S-N-C 358 0. 1 10 (24
Fe-Co,N@ N-C 390 1.0 100 ey
CoFe-N-C DAC 360 1.0 10 (26 ]
MnO/ Co/PGC 307 1.0 10 Wi
(Fe,Co) SPPc-900-sp 353 1.0 10 28]
Co-Ni-sS@ NSPC 470 1.0 10 29’
CoFe-NiFe/NC 359 1.0 100 30
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LA R T OFEFR R (Cyclic voltammetry, CV ) fiZE3EA L (L2 TEHERBTRL, 3 (a) ~
& 3(c) 45 CMO/CC .CoO/CC Kz MoO/CC 7E 1.0 mol - L. ™" KOH Hif##i 10 ~50 mV-s ' FEEHE N CV
Mgk, B 3(d) AT AN S A E RS R, TR 18 X0 2 H 25 (Electric double layer
capacitance, Cdl) ,CMO/CC (66. 83 mF-cm %) fn i CO/CC (26.47 mF-cm %) HI MO/CC (14.53 mF-cm ™)
iy CAUE, R B CMO/CC 1) =498 K v 4549 vl DUZR R 4 & B9 i Gdd YR SO DA v fer 20 A

o m— 10 mV +s™ 4 10 mV-+s™
LY, -8 — 10 mV s
—20 mV -5 ®) 3 =20 mV -5 b)
1= 30 mV-s™ | =30 mV-s
——40mV-s > === mYs !r
o 50 mV; — . — I
- =
o 0OF o o ~ '. _-;f:l
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S <l s |
<5k CMO/CC 2 F CO/CC
1 1 1 1 1 1 1 _3 1 1 1 1 1 1 1
090 092 094 096 098 1.00 1.02 1.04 0.90 092 094 096 098 1.00 1.02 1.04
Voltage / V vs. RHE Voltage / V vs. RHE
2 -+ w e
10wV (c) @ CMO/CC (d)
—— 20 mV s : | @ CO/CC
— 30mV-s ® MO/CC
1 F—40 mV-s" - _
& — 50 m)
=
= oof
g
=] I
MO/CC
_2 L L 1 1 1 1 1 1 1 1 1
090 0.92 094 0.96 098 1.00 1.02 1.04 10 20 30 40 50

Voltage / V vs. RHE Scan rate / (mV +s™)

B3 CMO/CC (a) . CO/CC (b)F1 MO/CC (¢)7£ 1.0 mol-L ' KOH AARFHETH CV &L U R AR &
Cdl Xt fZ{E (d)
Fig.3 CV curves of CMO/CC (a), CO/CC (b) and MO/CC (c) in 1 mol-L ' KOH at different scan rates and

Cdl values of corresponding samples (d)

NIRFEA [RIHEA TR B9 FE 10 B B 30 T 2 PR 22 7 R AL = BH BT IS X CMO/CC [ CoO/CC F MoO/CC 1y
Wi BT AT R G ME b, Bl 4(a) S CMO/CC .CO/CC F1 MO/CC (1) Nyquist &, CMO/CC [/ Ha faf % 5%
L BH ( Charge transfer resistance, Ret) A 2.4 Q, i ZKF CoO/CC (8.7 Q) Fl MoO/CC (15.3 Q). X FKH
CMO/CC 1) =4 Z LGN K R Gt i i pay i S 4% 2 W 4% D0 A6 50 i AR )2 FE A e, B I T OER 1t
PR AL T RS AE 22, TN T /K AL B O 3h J1 2 0 L O T HF9E CMO/CC AR i RE 2 1, R
THBF EL A R AT I, &5 SR A 4 (b) FioR . FEHL T E 10 mA -em 7 F , AL AT LU SEFa 23847 12 h i
HL AV Ve B A B, LR DU Je A e R A e ar i As e vk . DA B S5 R, X4 J& AL iy o [R] 300,
AT DL A il 3% A 2H 0 i i i el a5 4 25 46, Wl HAG e gy R A e ie e 1k o

945 T CMO/CC AL FITE /Y OER JiHELL iR 1 W HAE = S A 3 8 - SR A, IR H
Bk EfRE. B S5(a) rh iz CMO/CC i AR50 BT 2H % 59 FR Ttk 7Y I % FL TR ( Open circuit voltage, OCV) AJ jA
1.47 V, 55 4 )&% Pv/C-Ru0, KR (1.45 V) HY, Kl 5(b) AE s ik, 76 d i %5 & 0 o 1,25 .10
PIJ%2 20 mA-em * FHEAT T 5 h {9 E FHCE A, CMO/CC 75 AN [R] L I %% T I B R 4331 A 1.20 1. 18
1.13.1.09 L}z 0.92 V,7E 1 ~10 mA-cm “HFZEE FaH E S Pv/C-Ru0, HAZAHIE, 7F 20 mA -cm “HL IR
R B H RS = T PU/C-RuO, B M, 5 10 mA-cm ™ HL i %5 B B A L R et b, R, CMO/CC #E AR
[, W B R B A D B R S i e A YT

Mt AR5 ] SR EE - S MW EEIR R, WE 6 iz, 3T CMO/CC 75 < B 2H 2 09 Fe it 7
5mA-em CHERE FACEEEN 110 V, e B KR 2. 11 V, S B E R B (AE =1.01 V) 5 Pr/C-
RuO, A Z (AE =0.97 V) Mz, #1858, CMO/CC AR EE - SR A TR R IA T 52. 13% , FH3R
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T Pt/C-RuO, ALY S51.25% B84 $2 T [Ai, CMO/CC pir 4 3 i B — 25 S d it p] LIPE 263 230 h, i
Pt/C-RuO, Jifr2H 2 H b AETE A 70 h i s il e B R [a) B B S 385 . 255 1, CMO/CC EALFRIAE B — 25 L
R B0 AR RAR | i BE RS KAEA 75w 09 P RO 3, FLE BB AT AT A5 5% 4 @ SR UEAAR 2, B ) R 1 7=l 1k

a1
HIJ 5< o

100 2.0
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s = 1.6 b
g g
i e 44
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0 o B 1 l i i &
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ZHE) Time / h

B4 (a) CMO/CC,CO/CC LUK MO/CC #Fmmt] Nyquist & ; (b) & it BALEX CMO/CC gz E i
Fig.4 (a) Nyquist plots of CMO/CC, CO/CC and MO/CC; (b) Stability test of CMO/CC by chronopotentiometry
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TS HU B FE IR R Bl 2%
Fig.5 (a) Open circuit voltage of CMO/CC and Pt/C-RuQ,; (b) Discharge rate curves of CMO/CC and Pt/C-RuQ,

at different current densities
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Fig.6 Charge and discharge curves of CMO/CC and Pt/C-RuO, at 5 mA -cm ~°
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CMO/ CCHEARFINFERRMAIAT H HLAT 545 1) OER 46T M, 78 50 mA -em " UL A9 ALK 352 mV
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[a] i, (5 CMO/ CC AT ZHAR Y B — =5 LM T B L N 1. 47 'V, I s OB RO P AR e P , difr il
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