=5 M0t = 1k

Acta Materiae Compositae Sinica

N-rGOH R o -MnO, B AHHEME 48 2 S R R AL SRR SR A7)

BT FE= HEH

N-rGO-supported a-MnO, composites as efficient oxygen reduction reaction catalyst in aluminum-
air battery

SHUI Ziyi, XU Liuyun, GAO Xiaoming

TELR I View online: https://doi.org/10.13801/j.cnki.fhelxh.20241220.002

ST BRRRNER IR LAt SO

Articles you may be interested in

A1 s AR A AR ROARBED LT SO R # R RE
Energy storage mechanism and electrochemical performance of graphene/manganese dioxide composites

A MR, 2022, 39(8): 3898-3905  https://doi.org/10.13801/.cnki.fhelxb.20220120.006
T Atk - — AR A M SR ER AR B2 B MR i B 2 Bk M

Preparation and flame retardancy of titanium carbide—manganese dioxide/thermoplastic polyurethane nanocomposites

AR 2022, 39(10): 4561-4571  hitps://doi.org/10.13801/j.cnki.fhelxb.20211012.001
AR AR AT AR S AR T o

Rencent research progress and prospects of manganese dioxide based fiber supercapacitor

A MR, 2023, 40(6): 3187-3196  https://doi.org/10.13801/.cnki.fhelxb.20221205.001
FIBARIN A Fr Tk Fe—Co—PUE A MR il £ M HAAI I FL TG M

Fabrication and oxygen reduction reaction electroactivity of Fe—Co—Pt loaded on nitrogen—doped carbon nanosheet

composites

S APREH. 2022, 39(3): 1110-1119  htps:/doi.org/10.13801/j.cnki.fhelxh.20210506.001
ZALCo 0, ARET A T4 2 L Tt R P RE LE AR HE AL

Porous Co,0, nanofibers applied as an efficient cathode catalyst for Li-air batteries
FARRIEER. 2021, 38(7): 2305-2312  htips://doi.org/10.13801/j.cnki.fhelxb.20201030.006
M3 £ R it (57 1T T 1 2 5280 & —MinO, 25 ik A P

8 —MnO, supported on low—grade Palygorskite clay from Linze as a catalyst for formaldehyde catalytic oxidation at room

temperature

B AMRIEAAR. 2022, 39(4): 1617-1627  https://doi.org/10.13801/.cnki.fhelxb.20210609.001


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20241220.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220120.006
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20211012.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20221205.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210506.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20201030.006
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20201030.006
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20201030.006
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210609.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210609.001

FRREMGE AT, FRELHINGEE



Eé*ﬁ*ﬂ'i*ﬁ a2k FEI1M 11 H 20254

Acta Materiae Compositae Sinica Vol.42  No.1l  Nov. 2025

DOI: 10. 13801/ j. cnki. fhelxb. 20241220. 002

N-rGO faZi/ o-MnO, E § ¥ BHE A
RSB SN EIERELF

#EWR, HEE, S0

(EZR2 25T 2R, T2 716000 )
i E . MnO, B TH S RGN . BB, SR . FE Bk ES, BHrEN B &R 5
(ORR) 2 # WAL BB 2 — o SR, MnO, FH{E ORR AL FIAEAE A AE 5 S o i 22 | HRMERE 2 FI 2
SR AL SR, T, ARSGEDE E S A N B4 F A BIE (N-rGO) 1E8 MnO, 99K #k /) K730k,
Wil T —Fhp 8 N8 2% 38 J5 A 885 5713801 a-MnO, (0-MnO,/N-rGO) &£ & # £l . 18 i 3 & 5 3 #f d 85
(FESEM). & 4T 4% (TEM). X 144 (XRD). te R AU & (BET). XS4 G a8k (XPS), fHE nf41
SR (FTIR) AL 80t 3% (Raman) X il % 19 a-MnO,/N-rGO & & A BHIEAT T R RAE . 2B 45 R K0,
KPGERRE, BRI A MnO, #5170 #7E N-rGO F L. 7€ ORR iF 1, a-MnO,/N-rGO Ji& Bi H f HE i)
ABT6 PRI P (B AR HL A7 9 0.918 V, R 0.784V, HLTHMECH 3.45, MW AN 2.16%h),
LA LT B — ) N-rGO Al a-MnO, 3G W R H& T+, FAEZGE R — BRI R 4719 N-rGO 5 a-MnO, Z[f]
TE BN B I AE AR 2 o-MnO,/N-rGO #E Ak 7 £k 1 P Ffs e A 2L8E 7t . BE4h, a-MnO,/N-rGO f#EfL5
TERR 23 S b R B A S 1 b 2 M R (RER M 1 230.7 mWeheg '-Al TSR 135.8 mW-cm™) Fil J1 2%
PERE (5 000 YK M5 96% LA EAYHLFRARE ). L8 EArd, dlid 5] A N-rGO H A% MnO, ) i F Fifb 2R 25,
FRASL RS Z RN FE, R R AR B A AL A 3 ORR AL ALt T —F A UK S
KR FRRRN ;. AR AERE, AR etk
i E4r2£S: TB333 XEKERERRS: A XEHES:  1000-3851(2025)11-6362-14

N-rGO-supported a-MnO, composites as efficient oxygen reduction reaction catalyst

in aluminum-air battery

SHUI Ziyi', XU Liuyun , GAO Xiaoming’
(College of Chemistry & Chemical Engineering, Yan'an University, Yan'an 716000, China)

Abstract: MnO, is one of the most common catalyst materials for oxygen reduction reaction (ORR) in alkaline
media due to their high electrocatalytic activity, environmental friendliness, low cost, and abundant earth reserves.
However, MnO,, as an ORR catalyst, suffered from poor conductivity, poor rate performance, and rapid capacity
deterioration. Herein, a novel N-doped reduced graphene-supported a-MnO, (a-MnO,/N-rGO) composite was
designed by using highly conductive N-doped reduced graphene oxide (N-rGO) as a good carrier for MnO, nano-
rods to obtain superior ORR performance. The prepared a-MnO,/N-rGO composites were systematically charac-
terized by field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), X-ray
diffraction (XRD), specific surface area measurement (BET), X-ray photoelectron spectroscopy (XPS), Fourier trans-

form infrared spectroscopy (FTIR) and Raman spectroscopy (Raman). The experimental results shows that the
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rod-like MnO, is evenly dispersed on the N-rGO sheet after the hydrothermal process. In the ORR process, a-

MnO,/N-rGO exhibits excellent catalytic activity and stability (onset potential of 0.918 V, half-wave potential of

0.784 V, electron transfer number of 3.45, current attenuation rate of 2.16%-h™"), which are significantly improved

compared with single N-rGO and a-MnO,. The characterization results further confirms that the covalent coupling

between the well-dispersed N-rGO and a-MnO, jointly promotes the effective improvement of the catalytic activity

and stability of the o-MnO,/N-rGO catalyst. In addition, the a-MnO,/N-rGO catalyst displays excellent electroche-

mical properties (energy density of 1230.7 mW-h-g'-Al, power density of 135.8 mW-cm™) and mechanical

properties (current retention of >96% after 5 000 bending) in aluminume-air battery. In conclusion, the introduction

of N-rGO to adjust the electronic and chemical states of MnO, and establish covalent interface between the N-rGO

and a-MnO, can provide an effective strategy for the development of efficient and stable manganese dioxide-based

ORR catalysts.

Keywords: oxygen reduction reaction; manganese dioxide; graphene; aluminum-air batteries; flexibility
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Fig.1 (a) Synthetic roadmap of N-doped reduced graphene-supported
a-MnO, (0-MnO,/N-rGO); SEM images of graphene oxide (GO) (b), N-
rGO (c), a-MnO,/N-rGO (d) and a-MnO, catalyst (e), and the element

mapping image of a-MnO,/N-rGO (f)
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Fig.2 TEM images of N-rGO (a), a-MnO, (b), a-MnO,/N-rGO (c)
catalyst; (d) HRTEM image of a-MnO,/N-rGO catalyst
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Fig. 3 XRD patterns (a) and regional patterns (b), nitrogen adsorption-desorption isotherms (c) and XPS spectra (d)
of N-rGO, 0-MnO, and a-MnO,/N-rGO catalysts
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Fig.4 High-resolution spectra of Mn2p (a), Ols (b), C1s (c) and N1s (d) of a-MnO,/N-rGO; (e) Mn contents of a-MnO, and a-MnO,/N-rGO;
(f) Oxygen contents of N-rGO, a-MnO, and a-MnO,/N-rGO; (g) Nitrogen and carbon contents of N-rGO and a-MnO,/N-rGO
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Fig.5 FTIR spectra (a) and Raman spectra (b) of N-rGO and a-MnO,/N-rGO catalysts
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£ 1 N-rGO. 0-MnO, 1 0-MnO,/N-rGO 4L 7 XPS 458 (%)
Table 1 XPS results for N-rGO, a-MnO, and a-MnO,/N-rGO catalysts (%)
Sample N-rGO 0-MnO, a-MnO,/N-rGO
Mn** N/A 24.8 45.4
Mn2p Mn* N/A 48.0 35.5
Mn sat' N/A 27.2 19.1
o} 46.8 48.5 43.8
0,2/0°
Ols o/ 20.9 24.3 27.0
OH" 323 27.2 22.4
H,0 N/A N/A 6.8
c—C 68.8 N/A 63.8
Cls C—N/C—0 19.6 N/A 26.5
Cc=0 11.6 N/A 9.7
Pyridine N 20.6 N/A 28.5
N1s Pyrrole N 56.2 N/A 422
Graphite N 23.2 N/A 39.4
Note: N/A—Not applicable.
1 1.2
@ (b) D E e
0t 10 F BRI,
-1 F 7 7 050
o~ > 08 7 R 5
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° T 06 | 3 5558 s S
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E, j—Potential, current density, respectively; RHE—Reversible hydrogen electrode
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Fig.6 Oxygen reduction reaction (ORR) polarization curves (a), onset potential (E,,,) and half-wave potential (E, ;) (b), Tafel plot (c)
and ORR stability (d) of N-rGO, a-MnO,, 0-MnO,/N-rGO and Pt/C catalysts
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Fig. 7 SEM images of the a-MnO,/N-rGO catalyst before (a) and
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%2 N-rGO. 0-MnO,. a-MnO,/N-rGO F1 Pt/C #4L 7 ORR T8k
Table2 ORR performances of N-rGO, 0-MnO,, a-MnO,/N-rGO and Pt/C catalysts
Onset Half-wave Limit diffusion Electron Kinetic current Current
. . . Tafel slope/ .
Sample potential potential current density (mV-dec ) transfer density (Jx)/ decay rate/
(Eonsed/V — (Ey2/V ()/(mA-cm™) number (n)  (mA-cm™) (%-h™)
N-rGO 0.867 0.664 3.37 74.1 3.19 3.9 2.16
o-MnO, 0.843 0.711 4.60 58.3 3.22 15.3 6.85
o-MnO,/N-rGO 0.918 0.784 4.78 49.4 3.45 16.6 4.18
Pt/C 0.966 0.847 5.19 62.6 3.77 22.2 N/A
1 1
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0r 100 t/min or 100 r/min
71 L
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5 ) ) ) ) o /[(rmin") ] -6 X X X Lo [(rmin )]
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E (vs. RHE)/V E (vs. RHE)/V
1 1
(©) a-MnO,/N-rGO (d) Pt/C
0r 0r
» 100 t/min b 100 r/min
o o ot 400 r/min
s 2t 400 r/min g
= o3t 900 r/min  °*
é -3} 900 r/min E _ 07
< < 4 s 5 06
- 4l 1600 r/min = 1600 r/min 7, 05
75 L < .-
‘i\ 0,
-5 t 6 | 02
2500 r/min 002 004006 008 0.10 2 500 r/min 01 562004006 008 010
_6 N | N L, ”/[(r-mm.‘) 2] _7 N N N L, @ ”/[(r-mm.‘) 2]
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
E (vs. RHE)/V E (vs. RHE)'V
4.0 4.0 35
O ®
1 30
36 36
1 25
32 ¢ 32 —" {20 g
= =
28 t 28 t 1 %
H
—=—N-rGO 110
24 t —*0a-MnO, 24
—4— 0-MnO,/N-rGO 15
—v— Pt/C —-
20 1 1 1 1 1 20 0
0.2 0.3 0.4 0.5 0.6 N-rGO 0-MnO, a-MnO,/N-rGO Pt/C
E (vs. RHE)/V

8 N-rGO(a). a-MnO, (b). 0-MnO,/N-rGO (c) fil Pt/C k7] (d) ZE AR FFEHE T AY LSV MM K-L &5 (e) 145 K-L FIHE A FERE (n);

(£) n WS 2R (k)

Fig.8 LSV curves at the different rotation rates and K-L plots of N-rGO (a), a-MnO, (b), a-MnO,/N-rGO (c) and Pt/C (d) catalysts;

(e) Electron transfers number (n) calculated from the K-L plots; (f) 7 and kinetic current density (Jx)
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Fig.9 (a)Schematic diagram of typical aluminum-air battery; Discharge voltage of N-rGO, a-MnO, and a-MnO,/N-rGO samples (b)

and specific capacity (c), polarization and power density curves (d) of a-MnO,/N-rGO sample at different current densities
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