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Supplementary Figures and Tables
Fig. S1 (a, b) SEM images of pristine AlSi20 alloy; (b) The particle size distribution of pristine AlSi20 alloy
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[bookmark: _Hlk189229071]Fig. S2 TEM and elemental mapping images of AlSi20 alloy
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Fig. S3 SEM images of commercial Si
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Fig. S4 Elemental mapping images of p-Si@ATO
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Fig. S5 Nitrogen sorption/desorption isotherms and the corresponding pore size distribution of p-Si. SSA: 98.5 m2 g−1




Fig. S6 Nitrogen sorption/desorption isotherms of commercial Si. SSA: 10.1 m2 g−1
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Fig. S7 TEM and elemental mapping images of p-Si obtained from acid etching of pristine AlSi20 alloy



Fig. S8 HRTEM and elemental mapping images of surface oxide layer on the p-Si



Fig. S9 The Al 2p and Si 2p XPS of AlSi20 alloy (a, b), p-Si@ATO (c, d) and p-Si (e, f)



Fig. S10 The Si 2p XPS of commercial Si


[bookmark: _Hlk189229111][bookmark: _Hlk189229121]Fig. S11 EPR spectroscopy of p-Si@ATO, p-Si, commercial Si and commercial Si with TiOx
Commercial Si with TiOx: commercial Si replaces AlSi20 alloy for hydrolysis of TBOT under the alkaline conditions provided by TMAOH. The results indicate the presence of only oxygen vacancies, and no Ti3+ signal was detected in the absence of Al.


[bookmark: _Hlk189229143][bookmark: _Hlk188953218][bookmark: _Hlk189229154]Fig. S12 Comparison of performance of p-Si@ATO with different TBOT mass at 2 A g−1


[bookmark: _Hlk188953171][bookmark: _Hlk189227754]Fig. S13 (a) Cycling performance of different FEC concentrations at 2 A g−1 after 2 cycles at 0.2 A g−1; (b) Galvanostatic first cycle charge/discharge voltage profiles at 0.2 A g−1

[bookmark: _Hlk189229273]Fig. S14 Galvanostatic first cycle charge/discharge voltage profiles of p-Si@ATO, p-Si and commercial Si at 0.2 A g−1
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Fig. S15 Cycling performance of p-Si@ATO, p-Si and commercial Si at 25 °C
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Fig. S16 Cycling performance of p-Si@ATO, p-Si and commercial Si at 50 °C
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Fig. S17 Cycling performance of p-Si@ATO electrode with a load of 1.8 mg cm−2 at 25 ℃
The high loading anode of 1.8 mg cm−2 (without additional conductive agent is added) displays an area capacity of approximately 3.2 mAh cm−2 at 0.2 A g−1, and can withstand high current density cycles.


[bookmark: _Hlk189229321][bookmark: _Hlk188950503][bookmark: _Hlk189229331][image: ]
Fig. S18 Capacity-voltage curves of p-Si@ATO||LFP pouch-cell at first cycle


[bookmark: _Hlk189229365][image: ]Fig. S19 (a) Cycling performance of p-Si@ATO||LFP and p-Si||LFP coin-type full-cell; (b) Capacity-voltage curves of first cycle at 0.2 C
The coin-type full-cell has an N/P ratio of approximately 1.05, with a voltage range of 2.5–3.9 V and 1 C =160 mAh g−1. The negative electrode is pre-cycled 5 times at 0.2 A g−1 before being assembled into the full-cell.
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Fig. S20 Cycling performance of coin-type full-cell p-Si@ATO/Gr||LFP at 25 ℃
The p-Si@ATO/Gr electrode slurry was fabricated by mixing 76.5 wt% graphite, 8.5 wt% p-Si@ATO powder, 10 wt% polyacrylic acid, and 5 wt% acetylene black in N-methyl-2-pyrrolidone. The initial Coulombic efficiency is 94.3% at 0.2 C.
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Fig. S21 EIS after 1 cycle measured at 100% SOC


[image: ]Fig. S22 (a) EIS of Li-Li symmetric cells and (b) the corresponding DRT


[bookmark: _Hlk189229392][bookmark: _Hlk188953779][image: ]
[bookmark: _Hlk189229387]Fig. S23 HRTEM images of p-Si electrodes after 100 cycles
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Fig. S24 F at% of LiF in F 1s XPS at different voltages
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Fig. S25 Raman spectroscopy of p-Si@ATO powder and p-Si@ATO electrode before cycle
[image: ]
Fig. S26 F at% of LiF in F 1s XPS after 1, 50 and 100 cycles

[bookmark: _Hlk189229423][image: ]Fig. S27 ToF-SIMS results of the Si electrode after 100 cycles: depth profiles of various species
The ions composition and distribution of the anode surface and depth sputtering area (70×70 μm2) were characterized by Time-of-Flight secondary ion mass spectrometry (ToF-SIMS, ToF-SIMS 5 ION-ToF GmbH, Germany). ToF-SIMS was equipped with a 30 keV Bi3+ primary ion gun and a 1 keV Cs+ sputter gun, and an electron flood gun was used for charge neutralization. The silicon-based electrodes were tested after 100 cycles and subsequently washed repeatedly with DMC.

[bookmark: _Hlk189229439][image: ]
Fig. S28 PDOS without FEC on SiO2, Al2O3 and ATO surfaces


Table S1 Content of elements in p-Si@ATO
	Element
	EDS Mapping (wt%)
	ICP (wt%)

	Si
	46.2
	85.11

	Al
	35.3
	5.58

	Ti
	0.14
	0.32


[bookmark: _Hlk189233229]
Table S2 Content of elements after the etching process with alkaline solution
	Element
	After TMAOH etching (wt%)

	Si
	46.16

	Al
	35.28

	Ti
	0.14
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Table S3 Comparison of the electrochemical characteristics for Si-base anode materials at high temperture
	Anode material
	Electrolytes
	Specific capacity (temperature)
	Capacity retention
	References

	p-Si@ATO
	1 M LiPF6 in EC/DEC (1:1) + 15% FEC
	2423 mAh g−1 at 0.2 A g−1,
270 mAh g−1 at 25 A g−1 (50 ℃)
	80.0% after 500 cycles at 2 A g−1
	This work

	Microsized Si
	2 M LiFSI in Pyr14FSI
	~3500 mAh g−1 at 0.4 A g−1 (80 ℃)
	85%
after 100 cycles at 4 A g−1
	[S1]

	Si@GCA13
	1 M LiPF6 in EC/DEC
(1:1) + 10% FEC and 1%VC
	2302 mAh g−1 at 0.8 A g−1 after 55 cycles (60 ℃)
	\
	[S2]

	MFG/PNSi@C
	1 M LiPF6 in EC/DC/DMC (1:1:1)
	851 mAh g−1 at 0.4 A g−1 (50 ℃)
	\
	[S3]

	Si@C@Al2O3
	1 M LiPF6 in EC/EMC
(3:7) + 5% FEC
	1276 mAh g−1 at 8 A g−1 (80 ℃)
	\
	[S4]

	3D-Si@SiOx/C
	1 M LiPF6 in EC/EMC
(1:2) + 2% FEC
	1746 mAh g−1 at 0.2 A g−1 (60 ℃)
	79.4% after 70 cycles at 0.2 A g−1
	[S5]

	Si@BaTiOx-600@C
	1.3 M LiPF6 in EC/DEC
(3:7) + 10% FEC
	2021 mAh g−1 at 1 C (60 °C)
	64% after 600 cycles at 1 C
	[S6]

	Si-C@Al2O3
	1 M LiPF6 in EC/DMC
(1:1) + 10% FEC
	668.6 mAh g−1 at 0.5 A g−1 (60 °C)
	80.4% after 100 cycles at 0.5 A g−1
	[S7]

	Si@PAA-B-HPR
	1 M LiPF6
in EC/DEC (1:1) + 5% FEC and 0.5% VC
	2106 mAh g−1 at 1.4 A g−1 (55 °C)
	50.14% after 500 cycles at 1.4 A g−1
	[S8]

	Si@C-5CNTs
	1 M LiPF6 in EC/DMC (1:1)
	819 mAh g−1 at 2 A g−1 (40 °C)
	83.6% after 100 cycles at 0.1 A g−1
	[S9]
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