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Figure S1. (a) The SEM and (b) optical images of the ultrathin Al foil.
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Figure S2. XPS spectra of the AlI-UTF showing the Al 2p regions upon Ar sputtering for

0 sec, 30 secs, 60 secs and 90 secs, respectively.
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Figure S3. The XRD pattern with magnified regions of the LAL composite anode.
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Figure S4. The overall elemental analysis of the LAL composite anode.
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Figure S5. The cyclic voltammetry (CV) curve of Li plating onto Cu foil.
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Figure S6. Voltage profiles with plating/stripping capacities of LAL|LAL of 0.2 mAh cm-

2at 0.2 mA cm?2, 1 mAh cm? at 1 mA cm™? and 2 mAh cm? at 2 mA cm™2.
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Figure S7. The rate performance of LAL|LAL symmetrical cell.
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Figure S8. The top-view SEM images of pure lithium foil and LAL alloy after 10 cycles in
different currents. (a) 0.2 mA c¢cm?2, 0.2 mAh cm2,(b) 1 mA cm?, 1 mAh cm?, (¢) 2 mA
cm?2, 2 mAh cm?, (d) 4 mA cm2, 4 mAh cm2, (¢) 8 mA cm2, 4 mAh cm2, (f) 16 mA cm™2,
4 mAh cm?. And 1 and 3 are pure lithium foils at the state of plating and stripping,
respectively. 2 and 4 corresponds to the LAL anodes.
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Figure S9. The cross-sectional SEM images of pristine Li anodes and LAL composite
anodes after 10 cycles in different current densities and capacities in symmetrical cells. (a)
0.2 mA cm?2, 0.2 mAh cm?, (b) | mA cm?, | mAh cm?, (¢) 2 mA cm2, 2 mAh cm™?, (d)
4 mA cm?, 4 mAh cm?2, (¢) 8 mA cm?, 4 mAh cm2, (f) 16 mA cm?, 4 mAh cm™. In each
image, 1 and 3 are pristine lithium anodes after plating and stripping, while 2 and 4

correspond to LAL composite anodes after plating and stripping, respectively.



Figure S10. The optical image of the in-situ cell.
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Figure S11. The optical microscopy images of the electrolyte/electrode interface as a

function of time at 0.2 mA cm2.
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Figure S12. The optical microscopy images of the electrolyte/electrode interface as a

function of time at 1 mA cm™2.
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Figure S13. The optical microscopy images of the electrolyte/electrode interface as a
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function of time at 2 mA cm™2.

13



(]
>
2
5]
(7]
[

Figure S14. The optical microscopy images of the electrolyte/electrode interface as a

function of time at 4 mA cm™.
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Figure S15. Charge/discharge profiles of cells assembled with (a) LAL and (b) pristine Li
anodes using LFP cathodes at 2C.
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Figure S16. Charge/discharge profiles of (a) LAL|LCO and (b) Li|LCO cells, and (c) long-

term cycling performance of the cells.
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Figure S17. (a) The XRD pattern of LCO electrode. (b) The SEM image of LCO cathode
and (c-e) the corresponding elemental maps of O, Co and C. (f) The elemental mapping

image of mixed O, Co and C.
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Figure S18. (a) The XRD pattern of LFP electrode. (b) The SEM image of LFP cathode.
(c)-(f) The elemental maps of O, Fe, P and C, where the atomic ratios of P:Fe:O are
0.23:0.25:1, very close to the formula unit of LiFePO,.



Table S1. The performance comparison of lithium metal batteries using lithium-metal alloy

anodes.
Protection Preparation Working . L High-rate
methods methods electrodes Overpotential Cycling life performance
. ~25mvatoz | O-2mAew
This | Li-Alanodes Physical m A em?; » 1h, 8 mA cm2, 0.5 h
(ultrathin Al L ysics LAL|LAL ’ 7000h; i
work . integration ~100 mV at 2 2 400h
foil) mA cm2 2 mA cm?,
1 h, 600h
Ref. LinIn: allo Chemical LijsTns|Li ~200mV at2 | 2mA cm?,1 2mA cm?,1 h,
S1 1373 y surface modification 1373 mA cm™ h, >1200 h >1200 h
Ref. Li-Sn allo Chemical Li-Sn|Li-Sn ~450 mV at 3 3 mA cm?, 3mA cm?, 1h,
S2 Yy surface modification mA cm? 1h,500h 500 h
Ref. s Sputtering and A ~40 mV at 1 1 mA cm?2, 1 mA cm?, 1h,
S3 LiSi alloy heating LiLi-Li,Si mA cm? 1 h, 400 h 400 h
Ref. . Roll-to-roll . 2.28 mAh
S4 LiSn prelithiation LixSn|LFP ) cm? )
Magnetron 3D 0.5 mA cm® 2
I;esf' LiAlalloy | sputtering treatment | Cu@AI@Li[3 | ~ ?nf;ff_zo's 2201700 | | mfl?(‘)lo i11 b,
on porous 3D Cu D Cu@Al@Li h
Ref. . . . . ~50mV at0.5 | 0.5mA cm 1 mA cm?, 3 h,
36 Li-In Machine-press Li-In| Li-In mA cm? 2 1 h, 585 h <500 h
. 2 mA cm?2
Ref. Physical vapor . > | 2mAcm? 0.5h,
7 Cu-Al@Al deposition Cu-Al@AI|Li - 0.5 hil<200 <200 h
Ref. | oo Pressed with 3D CWLIBD | ~100mVat0.5 | 3345 | 2mA em?, 0.5 h,
S8 P punching machine Cu/Li mA cm ’ il 120 h
Ref. Cartl))(;tslef(iiber- Electroplating Ag CF/Ag-LilLi ~100 mV at 1 1 mA cm?2,1 1 mA cm?2,1h
S9 : and molten Li gt mA cm? h, 400 h 400 h
composite
Ref. s;g?rcl:;i Micro-fabrication spLilspLi ~20 mV at 2';1_127 ;n ﬁ 0.117 mA cm?2, 2
. ) 5 >
S10 lithium techniques 0.117 mA cm 800 h h, 800 h
Ref | . \I’]eeg‘éﬂg on Wet chemical LiLi-(VA- | ~30mVat0.5 | 02mAcm | 0.5mAcm2]1h,
S11 g . reaction CuO-Cu) mA cm? 21h, 1500 h 700 h
Cu foil
Ref. doI\Iilrtlmf:?k;on Carbonization NGCF@Li 30mVat2mA |, g ISHI? TIZHOO 3mA em®1/3h,
S12 P ffam INGCF@Li cm?2 R <650 h
Ref. . . Electrodepositi-on Li|Li@(AuLi; ~20 mV at 0.5mAcm | 0.5mA cm?,2h,
AulLi; particles . : 2 |2
S13 of gold on Ni foam @Ni foam) 0.117 mA cm ,2h,740 h 740 h
Ref. GF-LiF-Li rg:jghxif‘éﬁii GF-LiF-Li|GF- | ~200mV at ImAcm2 | 10mA cm2 0.1
S14 Li LiF-Li 1 mA cm? 1h,<250h h,333h
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