SUPPORTING INFORMATION

3D Lithium Metal Anodes Hosted in Asymmetric Garnet
Frameworks toward High Energy Density Batteries
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Figure S1. Additional scanning electron microscope (SEM) images of the bilayer framework. (a)
Top view of the dense side with high densification for preventing short-circuits and high flatness
for integrating with the cathode. (b) Top view of the porous side with open holes enabling Li
metal infusion. (c¢) Cross-sectional view of the dense layer with high densification. (d) Interface
between the porous layer and the dense layer, indicating the seamless connection between the

two layers by co-sintering.
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Figure S2. X-ray diffraction plot of bilayer garnet Li;La3Zr,O12, compared with the standard
cubic-phase garnet LisLazNb>O12 (JCPDS 80-0457). The coincidence demonstrates cubic garnet

phase of the bilayer framework.
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Figure S3. The corresponding secondary electrons SEM image of Figure 2f, showing the Li

metal distribution at the porous/dense interface after Li infiltration.
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Figure S4. Characterizations of the bilayer garnet framework after Li/Li cell cycling at 0.5

mA/cm? for 150 hours. (a-b). Porous garnet framework with Li metal inside, before and after

cycling, respectively. The morphology of Li in the framework kept stable. (c-f). Energy-

dispersive X-ray (EDX) spectra of the framework after cycling. (c). The positions of EDX

detections in the framework. Two spots and one line are scanned. (d). Spectrum at spot 1. (e).

Spectrum at spot 2. (f). Spectrum of the line. The elements of gel electrolyte (P and F) are not

detected in any scan. This confirms that no gel electrolyte penetrated into the porous framework

after cycling.



Calculations of battery energy densities with the bilayer garnet framework and NMC cathodes

(14 and 32 mg/cm?).
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Figure S5. Voltage profile of the Li/bilayer garnet/NMC battery with 14 mg/cm? cathode mass

loading, for energy density calculations.

Table S1. Energy density of Li/bilayer garnet/NMC battery with the commercial cathode.

Thickness . Density Mass Spe0|f_|c Capacity
Component Material 3 2 Capacity 2
(pm) (g/cm”) (mg/cm?) (mAh/g) (mAh/cm®)
NMC 94% 14.0 175 2.45
PVDF 3% N/A 0.45
Cathode 45 Carbon 3% 0.45
Additional
electrolyte 1.26 2.5
2 uL/cm?
Electrolyte |___10 Gel 1.64 16 N/A N/A
20 Garnet 4.97 9.9
Garnet 30% 4.97 7.5
Anode >0 Li 60% 0.54 1.6
Total 125 N/A N/A 38.0
Energy |241 Wh/kg
Average voltage 3.74V Density | 733 WhiL
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Figure S6. Voltage profile of the Li/bilayer garnet/NMC battery with 32 mg/cm? cathode mass

loading, for energy density calculations.

Table S2. Energy density of Li/bilayer garnet/NMC battery with the high loading cathode.

Thickness . Density Mass Spemﬂc Capacity
Component (um) Material (g/em’) (mg/em?) Capacity (mAh/cm?)
H g g (MAh/g)
NMC 85% 32.0 173 5.54
PVDF 5% N/A 1.9
Cathode 130 Carbon 10% 3.8
Additional
electrolyte 1.26 5.0
4 ulL/cm?
Electrolyte 20 Gel 1.64 3.3 N/A N/A
20 Garnet 4.97 9.9
Garnet 30% 4.97 7.5
Anode >0 Li 60% 0.54 16
Total 220 N/A N/A 65.0
Energy [329 Wh/kg
Average voltage 3.86 V Density 972 WhiL




Estimated calculation of the energy densities of batteries with dense garnet in Figure 4d. The

thicknesses and electrode loadings are reported in publications or adopted from commonly used

parameters.
Table S3. Energy density of battery with dense garnet in Ref. 1
Component Thickness Material Density Mass ngs:éf:ti{ Capacity
3 2 2
(pm) (g/lem?) (mg/cm?) (mAh/g) (mAh/cm®)
Cathode 20 LiFePO, N/A 0.6 140 0.084
5 Gel 1.64 0.8
Electrolyte
200 Garnet 4.97 99.4 N/A
Anode 20 Li 0.54 1.1
Total 245 N/A N/A 101.9
Energy 3 Whiki
A ltage 3.4V ;
verage voltage density 12 WHL
Table S4. Energy density of battery with dense garnet in Ref. 2
Component Thickness Material Density Mass ggs:éf:g{ Capacity
3 2 2
(pm) (g/cm*) (mg/cm-<) (mAh/g) (mAh/cm?)
Cathode 45 LiFePO, N/A 5 140 0.7
100 PEO 1.2 12
Electrolyte
400 Garnet 4.97 198.8 N/A
Anode 20 Li 0.54 1.1
Total 565 N/A N/A 216.9
11 Whikg
Average voltage 3.4 V Energy
density | 42 whiL
Table SS. Energy density of battery with dense garnet in Ref. 3
. . Specific .
Component Thickness Material Density Mass Capacity Capacity
3 2 2
(um) (g/lcm?) (mg/cm-) (mAh/g) (mAh/cm=)
Cathode 40 LiFeMnO, N/A 2 105 0.21
Electrolyte 150 Garnet 4.97 75
Anode 20 Li 0.54 1.1 N/A
Total 210 N/A N/A 78.1
Energy 121 Wh/kg
A ltage 4.5V > ]
verage voltage density 25 WhiL.
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