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Abstract

Exploring highly active, low-cost and durable catalysts for the oxygen precipitation reaction (OER)
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remains a challenge in developing cathodes for metal-air batteries. Herein, we present a new man-
ganese cobaltate bimetallic self-supported electrode as a catalyst, which was synthesized on carbon
cloth using hydrothermal and calcination methods. The electrode can be directly used as a zinc-air
battery cathode without binder and coating. The in situ construction of manganese cobaltate using
nitrogen-doped carbon on carbon cloth (CC) can increase the pores on the carbon surface and ex-
pose more electrochemically active sites. The OER performance was investigated in the alkaline
system, and the results showed that the catalyst had an overpotential of 203 mV at a current density
of 10 mA-cm-2, which was superior to the comparison samples, Mn02@NC/CC and Co304@NC/CC. In
addition, the zinc-air battery assembled with MnCo204s@NC/CC material has excellent cycling sta-
bility and can be stably cycled for 200 h at a current density of 5 mA-cm-2 without significant poten-
tial decay.
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BEE R EH AR BAE, WABRERIT R AR H OB W, Kk, F4R—FE T krem
TEIE BRI, X TR U i PR 5 L AN B o i S5 ) G R B R [1] [2]. R HI(ZABS) B T AR R A
FIRE % 8 151 (1086 Whikg)« FRAE KSR SSE AL, R B R AT SIERE R 2 — o IR, B8
SHITEZ IS R R . TR R b, S NI R RO - A A7) 14 B R B 4 S 411,
AREUA S it B AR R SR BB FE B [3]-[5]. FEARM RIS 7 T, 2 DhRe 2 S AR R ), s
[ A b R R SR B SR T, (RIS FE S A T SRS A 7 Lt . i M REAR T B3, AR NIk
200~300 mA/cm2EL = B, HIREGIEN GE J3Gom. ER R b, B SR A n) o S £ ST R B
RAFRT S, 78 SR R4 I N R R AW AE RF SR HE 6] -

s, ARG M DR R H K E R R AT, (AR IBAEE — e B 8. BN, 4Kt
WLAE IS FH IR 75 B FEDRG  FRURRG 72 S B S b, XN ol i S S IR PR AL 2, FRAIC ZABs 11 RE[7] [8]-
H SCHEMBHER & R E R B, BRAS T AP AR L2 . JF HH A RIFM T s i fa e
P, H T T 75 25 RS 225 7R R M) S P 7 6 AU BELRS RE A% 78 70 R 350 YR 0T 1) Ak 2% 14 RE[9] [10] - 7E ZABs
HEHEB R B AR 20, B8 T IAE N HAE 78 2 A =i A AL R, & BRI B 5
ZHET, I ZABs ffigReRe /1[11]. e —Fi BA mia eI EeR, MROARMRER FRIE) 2. Rib
i Cos04 BB RMBIRMEALRE T), Aot o1& AR MIFRIERRPLET . 48170, BT CosOu 1E N Tk
SHMAE, ENTER N (OER)HHFEH, MM Z 20T, S LA ERZR. STk, RASH
MEL, JCHZREIB IS RL, UK CosOs 4K SR IRTE T R IB B IEMM BRI, X Py RS
HEZ) S AT 5, IR IR & Bl A ) P B AR A T B, B FH 4R AT CosO4 ¥ OER &1

ARSI KB - B k7 A, BUBR AT D BRI & T BB AL 2 AL g ok i B SR Rk
(MnC02045@NC/CC). IEAF AL 1 22 FL A5 K R 38 5t {48 A0 75 2R THI VG MR A 5 FEU SR ) i, il A% 38 5
R . MnC02045@NC/CC Rl T RicAf Al I 4 J S FLAA L e, L4 H B 53 F P ST SR
(OER)HEALIE 1t o TERF FAE N SIAR S F T4 - M e f5 , PRI H I AR DG PR e 5 R FH A% S v
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PYC AL FIZESE (4% - 25 S It PR REEAT 7 3 ELRRF AT -
2. SCIGERSY
2.1 RFS5EE

WA, EHRER(HCI, AR), HIEE(CHIOH, AR)FI L (CoHsOH, AR)I H R EETH R 146 2218k A BR 2 7]
EBETK, LB (Co(CH3CO0),, AR), Z R4 (MNn(CHsCOO),, AR, 41/ : 99%), ¥ £ Jimt i 5 B (CsHoNO),
2-FIFEIKIME(C4HeN, AR), SAALAI(KOH, & >85.0%), AT X Lefb 2 St e fhidt— b ali b B a] B A

BT R (FA2004,  Rilg 5k G E-FRPAACERA IR A R]) . AT IR (WGL-125B, RE T 2= Ry
AR A A B PE D% (SB-5200DTD, 1 Bof £ AR AR A IR 2 7). & 2 (OTF-1200X, &
NEES MR ARG IR AR B2 TAER (CHIBE0E, w1 E g R HIRAF). HifiH 72
(Scanning electron microscope. SEM, SU-70, H A Hitachi A &) X H 2k A7 531X (X-ray diffractometer, XRD,
A =0.15418 nm, HZ Rigaku A ).

2.2, EAFIBEE

FERRAT L3t {7 5 (0 7K A S B AR K AL R ) 25 B R O 4 i B SO . B o, KA B T ROR
1.0 x 1L.0cm? /N, e LB TR SEEHTEYE 20 438, 1R Lmol-L -t By b i 7 2 /N . 7
AT 80°C TG, WARIEE Rt T T —id 2. Bk, ¥4 10 mmol Co(Ac), A1 1 mmol
Mn(AC), ¥ RTE 30 mL HIEEVER P 3EHE L h 5, MR RPN 0.5 g JEE F R E IR LML e 3+
ke 30 4G, £ 180°C FiEAT 6 /NM/KHREL, Pl & K HARIC A MnCo2045/CC HLlK. BlJE, H%
MnC0;045/CC HLK 5 2- F JE IR I35 A0 H B2 ()R B VS BE 24 /NI o 2 Ji B HH B AR T Bk A, 60°C T,
55 7E S 3 R 300°C #Be 2 /1N, 75 31 MnC0,04s@NC/CC HL ¥ , 44 35 MnO,@NC/CC Fl Co30,@NC/CC
HEATXF
2.3 BUENREE - =SHEBNEAR

HLAL 2 IHAAE CHI 660E FEAL = TAEuG FkAT . il FH = s RBEAT I, DL 1.0 M KOH VU8 H
FET, T AR SN TAE i), Ag/AQCH H MR (MR GBIV ) N S L s, B R ot Bt . it 28 M4
R Z7(LSV)TE 1.0 M KOH & HF LA 5 mV-s~t (S8R AE 0~1 V JE k47 I & .

B S HIAT A B B SCHE R S ARWE 2 S, B /R J9BE R, L 6.0 M KOH A1 0.2 M Zn(Ac):
TREVEWAE N AR -

3. BRE5VE

B AT AKIRN, ERA FAEKEENEREEY, RAEBE AW SRR RN, 153
MnC0,04s@NC/CC i kA4, 5 fa % Ff i idE 47 1R K AL #H45  MnCo204s@NC/CC HLMA L. A% F8E A
DU E 45 ) MnC02045@NC/CC JZ IR EERIMITES . 4] 1(a)Hh R T 3R T T406 102 A, B350
TR 4 L2 HE A [12] - ] 1(D) T B S (0 = 4E RUAR A K v BEF, R840 4K 1Al AN D7 9 &g« 14 1(c)
2Rk T3 ELAR RSB 43 1200 667 nm A 41 nm, A A T4 K eSO RERT i AR R AR e i AR, b T
DAGE R T 2 [ sndiE, RO 2 00 b S A, AN B T ARG, AR T s T
RSB RY B, BB R RIS J1. A, TR fLE R B A KAEmA LR E, R
YK G5 LIS I A R R e P R FH B S FLBE 20 AT T MinC02045@NC/CC FLBR AT S5 44« <] 1(d)~
1(e) P AR 3R 5 S F B3 PR SRR T RS I . AR 50 BRIk i gi k. 18 1(F) AR P i a1 #E R 0.31
nm ¥ g A% 2 SO N F MnCo2045 #HFI(311)F1H, RKHIINIE T MnCo,045 £54[13].
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Figure 1. (a)~(c) SEM micrographs of MnCo2045@NC/CC at different magnifications; (d)~(f) TEM images of MnC02045@NC/CC

at different magnifications
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Figure 2. XRD pattern of MnC02045s@NC/CC
[ 2. MnC02045@NC/CC K XRD [Elik

XRD B HF il & & ARG SR 458 (K] 2)o MnC0,045s@NC/CC 7 26 #9249 19°.31.3°.36.8°+
38.5°, 44.8°, 55.8°. 59.5°A1 65.3°HIKFLIE S V)& T MnCoz045 HI(111). (220). (311). (222). (400).
(422). (S11)FN(440)FT5UEE . UL, 24° BT IR B 0 VA 8 T Bk I ARFAIE IS, 5 241 € MnCo02045@NC/CC W] LA
TEWAT AR L5 4K

3(a) RE R TR AR TR, IEM T Co. Mn. N. C. O JLEMIFAFE, X5 EDS HI45 5 —%.
)BT CummIae B, HaiGremk 4 M, 40514 284.4eV, 285.1eV. 286.1eV Fl1 288.5eV.
XL S & T LA R 414y C-C(sp?)~ C-N. C-O f1C=0 4[], HF C-N il & @ ILMm e,
285.1 eV MM S H| —ANEANT) Cls M. [ 3(c)iB/n T Co JumMIAERE R, AT 780.2 eV A1 795.1 eV 4ib[1)
U 53 )5 T Co%* 2pae Al Co%* 2pup, 7T 781.8 eV A1 797.1 eV ALHIFANIE 55 JE T Co?* 2pa, £l Co?*
2p12s f7F 790.3 eV 1 805.6 eV HIHE MY A AT R EEGL N “Sat.” ) [14]. E 3(d)E7R T Mn L&
REVG I, Mn 2p 147 T 642.3 eV F1 653.8 eV Ab U 53 0T 2T Mn?* 2pge Al Mn?* 2pye, 7T 644.9 eV
F 655.1 eV Ak 43 756 B F Mn®* 2pa A1 Mn3* 2pys; [15].
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Figure 3. (a) XPS spectrum of MnCo2045@NC/CC; (b) High-resolution XPS spectrum of C 1s; (c) High-resolution XPS
spectrum of Co 2p; and (d) High-resolution XPS spectrum of Mn 2p
[&] 3. (a) MnC02045@NC/CC B XPS [Ei; (b) C 1s; (c) Co 2p F(d) Mn 2p BUS S #EER XPS HiLE

iz MR 2R (LSV)E 1.0 M KOH 1% MnO,@NC/CC. Co304@NC/CC LAz MnC0,045@NC/CC
ff) OER VERESETTHT T . IS 4(a) Ak I 2 AT %1, MNnC0,045@NC/CC HIRAE FELIF %5 5 9 10 mA-cm 2 I id Hy,
f79203mV, b MnO,@NC/CC (482 mV). Cos0,@NC/CC (229 mV)#R/N; Tl 5 Tafel 42kt —
HER AT OER N BN F12%, Wi 4(b)FTR, MnCo,0,s@NC/CC FIIEIE/RFIFE N 113 mV-dec™, /h
T MnO,@NC/CC (191 mV-dec 1)1 Cos0,@NC/CC (141 mV-decl), X H] MnCo,0,5s@NC/CC ] OER
SNy R R SERR R R T S, BN SRR (Tafel) B2 s A3, FRRE LAz 1, Hréalx
S (OER)# % 2 i F R A5 [16]. R T SR SR P X T JRR (6 = 4E 2 FLAK 454, %451
RERZ N HL T HER IR AL TE 208, FFnIR T 2 iGN A [17]. B 4(c) NPT & FAR 1) Nyquist Bk, —%
EIS 28 B RS X (1) B AN X R A A, R AR LT R I BH, il R IR AR & . RoAX
TSR E P, T AR A A S E . M EIS WA E A Y, MnCo,04s@NC/CC 7E =X R B
H RAER (10 s 2l B R A /N 2P (R L R A L AR P R A BEL AT e/ B HL fr e B8 LR . 24U 1
MnO,@NC/CC. C030,@NC/CC il MnC0,045@NC/CC ] Rs {4 %~ 4.43. 3.46 Fil 1.57 Q, HIELT HiAth
HLA , MNC02045@NC/CC {14 KR 1 FiL BELRIT EbL 17 5 5 R BELAR /0N » 58 B HCAE 70 T Fb o R P 4 o A 328 T R S R
P2 7 OER AL, % MnCo,04s@NC/CC AL FIEAT R e MR, 4l 4(d)FioRfE IR A 10
mA-cm 2 N4 100 h 1M AL A IR SCE,  UF B RS & EA P AR A B AR e
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Figure 4. (a) OER performance; (b) Tafel slope; (c) Nyquist curve of MnO2@NC/CC, Cos04@NC/CC and MnC02045@NC/CC;
(d) Stability test of MnCo02045@NC/CC
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Figure 5. Long-term charge-discharge curves of MnCo02045@NC/CC and Pt/C catalysts at a current density of 5 mA-cm2
5. MnC02045@NC/CC F1 Pt/C 4L FI7E 5 mA-cm 2 TRIKEATT i FE 2k

DOI: 10.12677/ms.2025.152027 239 FHER2


https://doi.org/10.12677/ms.2025.152027

# MnCo0,0,s@NC/CC Al PYC FEHEIBTE 5 mA-cm? FiF47ER BN R, WK 5 fixw,
MnC0,0,5s@NC/CC H%#E 5 mA-cm2 N EA 1.14 V K B3R 1.98 V (78 AL, R I /MR 7S
B EZE, LT PYC EALFICRCR A B R4 08 1.16 AT 2.04 V). FEIESI R JIH 200 h )5,
MnC02045s@NC/CC I HL HL A7 A1 78 FELAE A8 40 AT DLZBE AN T, 1iE B MnCo,04s@NC/CC B A 1 7 11
WREr, 52K, PUC HIMTE 40 h JElcH BE SURIEER DA X 7 B RS n . 1 PYC ML Z T,
MnCo02045@NC/CC AL FIFEEE - 73 FLt T 2 30t B4 4 3 FH V7 [18] [19]

4, gEip

ZE TR, AT FOO0E M R K - BB, IR R AT R SR A A E T 25 = 4k IR
MnC0,04s@NC/CC H 32 k. BaTmFmik. A SFEE SRS, MnCo04s@NC/CC BT T
B P LR R PR 5 R B, T S B (OER) LT ME L R HE S 7E 10 mA-cm 2 RS FE R4 T
o LA RE RS E RS HIEMR R 203 mV, HEEFE/RAIEN 113 mVidec?, T MnO.@NC/CC HLK 1
C0304@NC/CC i, #8 HPUIE 1) RN B) 485 75 5 mA-cm™2 [ E A2 it 200 h, H &
B HA, R - AR R AR 5 Sk T HORIREE, o e St B S AR L R A AL
FURIEEME BT SAE MM IR T O IR SRR 3, 7RI R A AR R L
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