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Fig. S1. The JK of all catalysts at 0.82 V.


[image: ]
Fig. S2. (a-d) ORR polarization curves at different rotating speeds; (e-h) Corresponding K-L plots with n at different potentials.
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Fig. S3. The TOF of all catalysts at 0.82V.
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Fig. S4. XRD and XPS of (Ni/ZrC)@NC NPs after 5,000 cycles.
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[bookmark: _Hlk204544545]Fig. S5. (a), (b) TEM, HRTEM images of (Ni/ZrC)@NC NPs after 5,000 cycles.
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Fig. S6. (a), (b) Histogram of normalized mass activity changes of (Ni/ZrC)@NC NPs and 20 wt.% Pt/C after 5000 cycles.
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Fig. S7. Nyquist plots of the impedance for all catalysts at their corresponding OCV.
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Fig. S8. Discharge curves of ZABs at a current density of 5 mA⋅cm-2.



Table S1. The elemental contents of C, N, Ni, Zr, and O in all catalysts.
	[bookmark: _Hlk140426189]Catalysts
	Composition (at.%)

	
	C
	N
	Ni
	Zr
	O

	Ni@C NPs
	82.40
	/
	7.42
	/
	10.18

	ZrC@C NPs
	84.25
	/
	/
	0.61
	15.14

	(Ni/ZrC)@C NPs
	83.52
	/
	6.38
	0.53
	9.57

	(Ni/ZrC)@NC NPs
	81.69
	0.79
	6.57
	0.54
	10.41






Table S2. Spectral line information of Hα utilized in constructing Boltzmann plots to determine the plasma's Te.
	λ/nm
	Species
	Lower level (l)
configuration
	Uper level (k)
configuration
	Ak1/106
/s-1
	EK /cm-1
	gk

	375.01
	H
	2s
	12d
	0.36
	108917.12
	6

	379.79
	H
	2p
	10d
	1.21
	107832.64
	2

	388.90
	H
	2p
	8d
	2.05
	107965.05
	6

	397.01
	H
	2p
	7d
	0.52
	107440.45
	7

	434.05
	H
	2s
	4d
	1.83
	107765.18
	6

	656.27
	H
	2s
	3p
	1.62
	103245.62
	6

	656.28
	H
	2s
	3s
	2.14
	103954.21
	4






Table S3. The values of CV of all catalysts.
	Catalysts
	CV (V)

	Ni@C NPs
	0.69

	ZrC@C NPs
	0.69

	(Ni/ZrC)@C NPs
	0.77

	(Ni/ZrC)@NC NPs
	0.82

	Pt/C
	0.81






Table S4. The values of Eonset, E1/2 and JL of all catalysts.
	Catalysts
	Eonset (V)
	E1/2 (V)
	JL (mA⋅cm−2)

	Ni@C NPs
	0.78
	0.65
	2.61

	ZrC@C NPs
	0.81
	0.65
	3.54

	(Ni/ZrC)@C NPs
	0.84
	0.76
	5.28

	(Ni/ZrC)@NC NPs
	0.91
	0.82
	5.63

	Pt/C
	0.90
	0.80
	5.43






Table S5. Summary of the electrochemical parameters of the catalysts.
	Catalysts
	Cdl (mF·cm−2)
	[bookmark: _Hlk146117033]ECSAa (m2·g−1)
	Jk@0.82V  (mA·cm−2)
	SAb@0.82V (μA·cm−2)
	MA@0.82V (A·g−1)
	TOF
(1012·cm−2·s−1)

	Ni@C NPs
	1.60
	44.8
	0.05
	1.09
	0.52
	1.70

	ZrC@C NPs
	1.65
	46.2
	0.13
	2.76
	1.27
	4.30

	(Ni/ZrC)@C NPs
	3.38
	96.64
	0.58
	6.01
	5.19
	9.37

	(Ni/ZrC)@NC NPs
	8.84
	247.52
	5.04
	19.95
	26.07
	31.11

	Pt/C
	7.01
	196.28
	3.62
	18.07
	20.09
	28.19






Table S6. Simulated parameters of equivalent circuit from EIS results.
	Catalysts
	Rs (Ω)
	Rct (Ω)

	Ni@C NPs
	12.91
	45.59

	ZrC@C NPs
	9.22
	42.19

	(Ni/ZrC)@C NPs
	8.92
	40.76

	[bookmark: _Hlk208240624](Ni/ZrC)@NC NPs
	5.92
	34.05

	Pt/C
	6.33
	34.84






Table S7. Comparison of power density and specific capacity of liquid ZABs reported in literatures.
	Catalysts
	Power density
(mW·cm-2)
	Specific capacity
(mAh·g-1)
	Reference

	CoSe2-FeSe2@NC/NHC
	184.3
	813.61 @10 mA·cm-2
	[1]

	CoS/CoO@NGNs
	137.8
	723.9 @20 mA·cm-2
	[2]

	Mn-N-S-C
	209.8
	734.01 @20 mA·cm-2
	[3]

	CoNP@FeNC
	104.4
	-
	[4]

	Co-N/P-C
	173.9
	790.0
	[5]

	Co@C-CoNC
	162.8
	810.0 @10 mA·cm-2
	[6]

	[bookmark: _Hlk208244329]Ag-FeNx-N-C
	180.0
	813.0 @20 mA·cm-2
	[7]

	[bookmark: _Hlk182327981]Zn/Co-N@PCNFs-800
	83.5
	640.3 @10 mA·cm-2
	[8]

	Fe2P/FeNi/NPC-0.5
	158.4
	755.08 @5 mA·cm-2
	[9]

	CoFe-NiFe/NC
	155.0
	777.0 @20 mA·cm-2
	[10]

	(Ni/ZrC)@NC
	251.63
	815.28 @5 mA·cm-2
	This work





Table S8. Comparison of peak power density of (Ni/ZrC)@NC NPs-based all-solid-state FZABs with other reported FZABs.
	Catalysts
	Peak power density (mW·cm-2)
	Reference

	CoSe2-FeSe2@NC/NHC
	61.40
	[1]

	Mn-N-S-C
	34.05
	[3]

	Fe2P/FeNi/NPC
	158.02
	[9]

	CoFe-NiFe/NC
	124.50
	[10]

	FeN4-Ti3C2Sx
	133.60
	[11]

	[bookmark: _Hlk208251600]Fe1/d-CN
	78.00
	[12]

	Cop@CoNC
	121.80
	[13]

	NiCo2O4@NiCoFe-OH
	31.80
	[14]

	CoN-BC
	59.40
	[15]

	Co/VN@NC
	85.00
	[16]

	FeN3-CoN3
	93.46
	[17]

	FeCo-MI@TAP-900
	67.00
	[18]

	Fe3C/Fe@CNs
	81.24
	[19]

	Co2P@NPAC
	75.30
	[20]

	(Ni/ZrC)@NC
	184.22
	This work
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