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Supplementary equations

For the three-electrode system, Cs (C g−1) was calculated from GCD measurements according to equations S1: 
[bookmark: _Hlk1402707]Cs =                 (S1)
[bookmark: _Hlk1402773]where m (g) embodies the mass of the active materials on working electrodes, i (A) represents the discharge current and  (s) depicts the discharge time.
For two-electrode systems, energy density E (Wh kg−1 ) and power density P (W kg−1 ) were calculated using equations S2 and S3 [1, 2], respectively:
E =           (S2)
P =             (S3)
where i (A) represents the discharge current,  (V) conveys the potential, t (s) depicts the discharge time, M (g) embodies the total mass of active materials in both cathode and anode (M = mc + ma). Notably, M is 0.0040 g for SPC.
The formation mechanism of Ni(OH)2 under hydrothermal conditions can be described by equation S4-S6 [3]: 
Ni + nH2O → [Ni(H2O)n]2+ + 2e−          (S4)
O2 + 2H2O + 4e− → 4OH−                (S5)
[Ni(H2O)n]2+ + 2OH− → Ni(OH)2 + nH2O    (S6)
Under hydrothermal environment, hydration of Ni occurs at Ni foam surface so that [Ni(H2O)n]2+ and electrons form (equation S4). Then, dissolved O2 adsorbed on the Ni foam surface acquires electrons and react with H2O to form OH− ions (equation S5). Finally, Ni(OH)2 forms by the reaction between [Ni(H2O)n]2+ and OH− ions (equation S6).
Supplementary figures
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Fig. S1. SEM images of NF-24@MnO2-C.
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Fig. S2. The profile production of NF-24@MnO2-C by FIB
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Fig. S3. STEM image of a part of shell in NF-24@MnO2-C with EDX mappings. 
Supplementary Tables
	Table S1 Fitting parameters of corresponding equivalent circuit

	Batteries
	Rel/Ohm•cm2
	Rs/Ohm• cm2
	Cs/mF• cm−2
	Rct/Ohm•cm2
	Cdl/mF•cm−2
	Zw/Ohm•cm2•s−0.5
	Cint/mF• cm−2

	NF-24@MnO2-A //NF-24@MnO2-A
	0.49
	1.00
	0.06
	2.96
	0.06
	5.05
	1.14

	NF-24@MnO2-C //NF-24@MnO2-C
	0.08
	1.36
	0.01
	20.15
	9.34
×10−5
	5.01
	0.61


Table S2 The properties of NiMn1.57O4.13 composite electrode were compared with those of similar composites reported in recent years.
	Sample description
	Synthesis
	Electrolyte
	Capacitance F g−1 
	Cycle performance
	Ref

	NF-24@MnO2-A
	electrochemical activation
	Ni foam
	1390 F g−1 
(5 A g−1)
	106.1 %
(100,000 cycles, 5 A g−1)
	This work

	Ni(OH)2-MnO2@C
	hydrothermal
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Ni foam
	1608 F g−1 
(2 mA cm-2)
	93.9 %
(5000 cycles, 2 mA cm−2))
	[4]

	Ni/MnO
nanosheet arrays
	co-precipitation
	Ni foam
	1235.6 F g−1 
(0.5 A g−1)
	106 %
(15,000 cycles, 10 A g−1)
	[5]

	PC-Ni/MnO2
	calcination
	carbon material
	267.34 F g−1 
(0.1 A g−1)
	83.6 %
(5000 cycles, 1 A g−1)
	[6]

	NiCo2O4
	pulsed laser ablation
	Ni foam
	1650 F g−1 
(1 A g−1)
	91.78 %
(12,000 cycles, 10 A g−1)
	[7]

	NiMoO4
	electrodeposition and hydrothermal
	Ni foam
	2813 F g−1 
(3 A g−1)
	94 %
(5000 cycles, 3 A g−1)
	[8]

	MnO2-CuO
	hydrothermal
	Ni foam
	279.2 F g−1 
(0.5 A g−1)
	91.26 %
(10,000 cycles, 0.5 A g−1)
	[9]

	3D-MnO2/Ni
	electrodeposition
	Ni foam
	105 F g−1 
(0.5 A g−1)
	97 %
(10,000 cycles, 7.5 A g−1)
	[10]

	α- MnO2
	hydrothermal
	Ni foam
	294.5 F g−1 
(2 A g−1)
	84.4 %
(5000 cycles, 1 A g−1)
	[11]

	CuS/MnS@NF
	solvothermal synthesis
	Ni foam
	1517.07 F g−1 
(1 A g−1)
	115.6 %
(3000 cycles, 10 A g−1)
	[12]

	M-Fe2O3@MnO2
	hydrothermal
	Ni foam
	908.5 F g−1 
(1 A g−1)
	78.7%
(8000 cycles, 1 A g−1)
	[13]

	CoNi2S4-Ni(OH)2NSAs
	hydrothermal
	Ni foam
	1570.2 F g−1 
(1 A g−1)
	97.91%
(5000 cycles, 1 A g−1)
	[14]

	NiO nanowires @NiO nanosheets @ NF
	microwave-assisted hydrothermal synthesis
	Ni foam
	1782 F g−1 
(1 A g−1)
	70.33%
(5000 cycles, 1 A g−1)
	[15]

	NiO@MnO2
	hydrothermal route
	Ni foam
	1227.2 F g−1 
(10 A g−1)
	88.77%
(10,000 cycles, 10 A g−1)
	[16]
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