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Figure S1. XPS overall spectra of different SiO@C composites.
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Figure S2. Si 2p XPS spectra of pristine SiO.
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Figure S3. XRD patterns of SiO@C composites with different conductive network before cycling. 
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Figure S4. Dissolution rate change as the reaction time for different composites in 333 K.
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Figure S5. The TG curves for different SiO@C composites.
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Figure S6. STEM and corresponding EDS images of SiO@C-l composite.
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[bookmark: OLE_LINK3]Figure S7. STEM and corresponding EDS images of SiOx@C-m composite.
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Figure S8. STEM and corresponding EDS images of SiOx@C-h composite.
[image: F:\ZRR负极\碱溶度-快充\ACS nano\CV-different scan rate-SiO@C-m-2.tif]
Figure S9. CV curves of SiO@C-m composite from 0.1~0.5 mV s-1.
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Figure S10. CV curves of SiO@C-h composite from 0.1~0.5 mV s-1.
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[bookmark: _Hlk132117310]Figure S11. EIS spectra of SiO@C-l composite under different temperature.
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Figure S12. EIS spectra of SiO@C-m composite under different temperature.
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Figure S13. EIS spectra of SiO@C-h composite under different temperature.
[image: ]
Figure S14. STEM and corresponding EDS images of SiOx@C-1 composite after cycling.
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Figure S15. STEM and corresponding EDS images of SiOx@C-m composite after cycling.
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Figure S16. STEM and corresponding EDS images of SiOx@C-h composite after cycling.
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Fig. S17. Equilibrium potential of Li in SiO@C composites as a function of the state of lithiation ([Li+]/[Li+]max).
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Fig. S18. Simulation of lithiation profiles of SiO@C-l with different rate.
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Fig. S19. Simulation of lithiation profiles of SiO@C-m with different rate.
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Fig. S20. Simulation of lithiation profiles of SiO@C-h with different rate.
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Fig. S21. Distribution of the Li+ concentration in the electrolyte (a-c) and in solid phase (d-f) at the end of discharge for (a)(d) SiO@C-l, (b)(e) SiO@C-m and (c)(f) SiO@C-h.
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Figure S22. The delithiated Cryo-TEM and corresponding selected area electro diffraction pattern of different SiO@C composites. (a) (d)SiO@C-l; (b) (e)SiO@C-m; (c) (f)SiO@C-h.
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Figure S23. High-resolution XPS spectra of (a) F 1s, (b) O 1s for different alkali solubility composite (𝛼 decreases from left to right).
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[bookmark: OLE_LINK2]Figure S24. Top-view SEM images of electrode surface for different SiO@C composites under different cycling condition. (a-c) SiO@C-l (d-e) SiO@C-m (g-i) SiO@C-h correspond pristine electrode, after 1st cycling and after several rate cycling, respectively.
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Figure S25. XRD of SiO@C composites with different conductive network after cycling.
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Figure S26. Raman spectra of SiO@C composites with different conductive network after cycling.
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Figure S27. EDS images with low and high magnification times of SiO@C-h.
[image: F:\ZRR负极\碱溶度-快充\NML\TEM-2.jpg]
Figure S28. EDS images with low and high magnification times of SiO@C-m.
[image: F:\ZRR负极\碱溶度-快充\NML\TEM-3.jpg]
Figure S29. EDS images with low and high magnification times of SiO@C-l.
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Figure S30. GITT profiles and Li+ diffusion rate in different SOC of SiO@C-h, SiO@C-m, SiO@C-l composites during the 2nd cycle.
GITT-derived apparent lithium diffusion coefficient (DLi+) for SiO-based composites was calculated according to the below equation [1, 2, 3, 4]:


where mB and MB are the active and molar masses, respectively, VM is the molar volume, S is the active surface area of electrode, and τ, ΔES, and ΔEτ are respectively the pulse time, voltage change between steps, and voltage change during the pulse period.
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Figure S31. Rate performance of SiO@C-h, SiO@C-m, SiO@C-l composites at 6 A g-1 and 8 A g-1.




















Model description and parameters

Table S1. Governing equations and definite conditions of the 2D electrochemical model

	Lithium foil electrode

	Current on the surface
	






	Boundary conditions
	




	SiO@C electrode

	Solid phase diffusion
	




	Li-ion insertion kinetics
	






	Charge balance
	


	Boundary conditions
	
 (interface of AM)

 (current collector)

	Initial conditions
	
 (inside of AM)

	Electrolyte

	Mass transport in electrolyte
	








	Charge balance
	


	Boundary conditions
	


	Initial conditions
	
































Table S2. Parameters of the 2D electrochemical model
	Parameter
	Symbol
	Value/Definition

	Anodic charge transfer coefficient of SiO@C
	

	0.5

	Cathodic charge transfer coefficient of SiO@C
	

	0.5

	Anodic charge transfer coefficient of Li foil
	

	0.5

	Cathodic charge transfer coefficient of Li foil
	

	0.5

	Porosity of the separator
	

	0.4

	Electronic conductivity of AM
	

	Measured

	Ionic conductivity of the electrolyte
	

	0.95 S/m

	Standard concentration in the electrolyte
	

	1000 mol/m3

	Li concentration in the AM
	

	-

	Maximal Li concentration in AM
	

	1e5 mol/m3

	Diffusion coefficient of Li+ in the electrolyte
	

	3.8e-10 m2/s

	Li diffusion coefficient in AM
	

	Measured

	Faraday constant
	

	96485 C/mol

	Exchange current density of SiO@C
	

	Measured

	Exchange current density of Li
	

	10 A/m2

	Li transference number
	

	0.251

	Equilibrium potential of Li
	

	0 V

	Equilibrium potential of AM
	

	Show as Fig. S17








Table S3. Electrical conductivity of the three SiO@C samples without pressure
	Samples
	Conductivity/S·cm-1

	SiO@C-l
	0.136

	SiO@C-m
	0.120

	SiO@C-h
	0.112
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