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Fig. S1.  Schematic diagram of the precipitation process of elemental Te on the negative electrode.
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[bookmark: OLE_LINK79][bookmark: OLE_LINK78]Fig. S2. Local amplification of voltage profiles of Al|Al symmetric cells using different electrolytes: (a) Al–Al-FE; (b) Al–Al-DE.
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Fig. S3. SEM images of Al–Al symmetrical cells using different electrolytes: (a) fresh electrolyte; (b) dissolved electrolyte with Te.
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Fig. S4. (a) SEM image of TiB2 powder. (b) Partial enlargement of (a).
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Fig. S5. SEM image with EDS mappings of TB layer.
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Fig. S6. SEM image of the surface of Al foil from Al-TB electrode after cycling in Al–TB‖Al–TB cells.
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Fig. S7. CVs of Al–Te battery using bare Al negative electrode.
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Fig. S8. Corresponding charge/discharge curves of Al–Te battery employed bare Al as the negative electrode at current density of 0.5–2.0 A·g−1.
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Fig. S9. SEM images of AB-PVDF-modified separator: (a) side view; (b) top view.
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Fig. S10. Electrochemical performance of blank batteries: (a) rate performance; (b) corresponding charge/discharge curves.
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Fig. S11. Rate performance of the optimized Al–Te batteries by modified negative and separator: (a) rate performance at current density of 0.5–2.0 A·g−1; (b) corresponding charge/discharge curves.
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Fig. S12. SEM image (a) and corresponding DES mapping (b–d) of bare Al negative electrode after cycling.
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Fig. S13. SEM image with EDS mapping of metal Al surface after cycling in Al/TB–Te battery.

The weaker and more evenly distributed Te signal in Al/TB electrode compared with bare Al (Fig. S11) demonstrated an effective protection of TB layer to metal Al.
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Fig. S14. EDS mapping of TiB2 particle after cycling in TB layer.
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Fig. S15. TOF-SIMS mappings of TB.

There are four chemical signals were observed in SIMS mapping, such as –OH, C=N, BO2, and Al–Cl, which indicated that the SEI on the surface of TB layer are mainly related with these chemical signals.


Table S1. State-of-the-art of nonaqueous MABs system.
	Positive electrode
	Current density (mA·g1)
	Discharge capacity (mAh·g1)
	Cycle number

	Te (This work)
	1000
	414
	500

	Te (This work)
	1000
	492
	300

	Te[1]
	500
	~200
	200

	N-PC-rGO-Te[2]
	500
	467
	150

	TeNWs/rGO[3]
	1000
	474
	100

	Te[4]
	1000
	400
	300

	NiTe[5]
	500
	307
	100

	CoTe2@N-PC[6]
	200
	168.6
	200

	ACC/S[7]
	50
	1000
	20

	CNF/S[8]
	C/20
	600
	10

	S@CMK[9]
	100
	500
	100

	Se@CMK[10]
	100
	178
	50

	Se@CW[11]
	500
	162.9
	200

	Se/GA[12]
	1000
	176
	50

	TiO2@Se[13]
	500
	225.8
	500

	MCFs@Se[14]
	1000
	230
	100
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