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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 Li7La3Zr2O12, compared with the standard 

cubic-phase garnet Li5La3Nb2O12 (JCPDS 80-0457). The coincidence demonstrates cubic garnet 

phase of the bilayer framework. 

 

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/cm2 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. 
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Calculations of battery energy densities with the bilayer garnet framework and NMC cathodes 

(14 and 32 mg/cm2). 

 

Figure S5. Voltage profile of the Li/bilayer garnet/NMC battery with 14 mg/cm2 cathode mass 

loading, for energy density calculations. 

 

Table S1. Energy density of Li/bilayer garnet/NMC battery with the commercial cathode. 
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Figure S6. Voltage profile of the Li/bilayer garnet/NMC battery with 32 mg/cm2 cathode mass 

loading, for energy density calculations. 

 

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

 

 
 

Table S4. Energy density of battery with dense garnet in Ref. 2 

 

 
 

Table S5. Energy density of battery with dense garnet in Ref. 3 
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