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Fig. S1. TGA profiles of 3D ZnO@PCCMs and ZnO/3DPCSs. On the basis of the 

final weight of ZnO, the original contents of ZnO in the 3D ZnO@PCCMs and 

ZnO/3DPCSs were calculated to be ~15 wt.% and ~40 wt.%, respectively.
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Fig. S2. TEM images of (a)(b) 3D ZnO@PCCMs, and (c)(d) ZnO/3DPCSs. 
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Fig. S3. (b) C, (c) O and (d) Zn cross-sectional EDX elemental mapping of point in 
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Fig. S4. SEM images of (a, b) ZnO/3DPCSs and (c, d) 3DPCSs with different 

magnification.   

Fig. S5. Cross-sectional SEM images of (a) the pristine 3D ZnO@PCCMs electrode, 

after plating (b) 0.1 mA h cm-2 Li, (c) 0.5 mA h cm-2 Li, (d) 2.0 mA h cm-2 Li, (e) 5.0 

mA h cm-2 Li and (f) after stripping 5.0 mA h cm-2 Li.
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Fig. S6. Surface morphology of Li metal anodes. SEM images of 3D ZnO@PCCMs 

electrode after plating (a) 0.5 mA h cm-2, (b) 2.0 mA h cm-2, (c) 5.0 mA h cm-2 and (d) 

after stripping 5.0 mA h cm-2.
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Fig. S7. SEM images of the 3DPCSs electrode after plating (a) 0.5 mAh cm-2 Li, (b) 

2.0 mAh cm-2 Li, (c) 5.0 mAh cm-2 Li and (d) after stripping 5.0 mA h cm-2 Li. 
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Fig. S8. Surface composition on the 3D ZnO@PCCMs electrode after Li stripping 1s 

and 50s. (a) and (d) C 1s, (b) and (e) F 1s, (c) and (f) Li 1s XPS spectra of SEI layer 

on the surface of the 3D ZnO@PCCMs electrode.

Fig. S9. SEM images of the 3DPCSs electrode with Li depositing at 1 mA/cm2 for 2.0 

mAh/cm2 after 50 plating/stripping cycles.
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Fig. S10. Microstructure of 3D ZnO@PCCMs electrode stripping 2.0 mAh cm-2 of 

lithium after 50 cycles with 2.0 mAh cm-2 at 1.0 mA cm-2. (a-b) Typical TEM image 

of 3D ZnO@PCCMs electrode. (c-f) STEM image of 3D ZnO@PCCMs and the 

corresponding elemental mapping images of C, O and Zn.

Fig. S11. Comparison of Voltage-Capacity profiles of Li plating/stripping on the 3D 

ZnO@PCCMs, 3DPCSs and ZnO/3DPCSs electrodes with a areal capacity of 2.0 

mAh cm-2 at a current density of 1.0 mA cm-2. 
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Fig. S12. Nyquist plots of the 3D ZnO@PCCMs, 3DPCSs and ZnO/3DPCSs 

electrodes (a) before cycling and after (b) 1 cycle, (c) 10 cycles and 30 cycles. 
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Fig. S13. (a) Voltage profiles of the 3D ZnO@PCCMs electrode during initial Li 

deposition at 0.5 mA cm−2. (b) CV scans of the 3D ZnO@PCCMs electrode at a scan 

rate of 0.5 mV s−1.

To understand the reactions that occurred during deposition, the electrochemical 

behavior of the half-cell based on the 3D ZnO@PCCMs (indicated with 

Li||ZnO@PCCMs, Li was used as anode and 3D ZnO@PCCMs as cathode) was 

investigated by cyclic voltammetry (CV), with the results presented in Fig. S6. During 

the first cathodic sweep, a wide peak appeared at 1.6 V and disappeared in the 

subsequent cycling, is attributed to the electrolyte decomposition and the formation of 

the SEI film on the electrode surface (Fig. S6b), well consistent with the 

corresponding voltage profile with a plateau at 1.6 V (Fig. S6a). Another peak at 

approximately 0.35 V in the first cathodic sweep could be associated with the 

conversion reaction where the ZnO is reduced by Li to form elemental Zn and Li2O 

and the alloying reaction between Li and Zn (Fig. S6b). This can also be confirmed by 

the voltage profile, in which a small discharge plateau indicates that ZnO participated 

in the reaction during lithium deposition (Fig. S6a). In the anodic sweep, two small 

peaks in the range of 0.5~0.75V are responsible for the step-by-step de-alloying 
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reaction of Li-Zn alloy, and a wide peak at 1.25~1.5V is due to the reformation of 

ZnO. Based on Fig. S6a with the presence of a smooth voltage trace, it can be found 

that no nucleation peak upon further Li deposition was detected, indicating that the Li 

nucleation overpotential on ZnO is essentially zero. 
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Fig. S14. Voltage profiles of metallic Li plating/stripping in the half cells of Li||Li-

ZnO@PCCMs at 1 mA cm−2 for 1 mA h cm−2 and at 2 mA cm−2 for 1 mA h cm−2.
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Table S1. Comparison with Li metal anodes recently reported with high areal capacity 

working at high currents.

Reference
Current density 

(mA cm-2)

Areal capacity

(mA h cm-2)

Columbic 

Efficiency (%)

Cycle 

number

This work 1 2 99 250

Ref.[S1] 0.5 1 98 300

Ref.[S2] 1 1 97 200

Ref.[S3] 1 1 97 150

Ref.[S4] 1 2 97 50

This work 2 5 97 100

Ref.[S4] 0.5 4 97 100

Ref.[S5] 2 4 99 90

Ref.[S6] 1 4.75 95 35

Ref.[S7] 1 5 97.5 100

This work 5 5 96 80

Ref.[S8] 5 5 90 40

Ref.[S9] 5 3 96 100

Table S2. Comparison of the rate performance of full batteries.

Reference Rates
Reversible capacity

(mAh g-1)
Cathode materials
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This work 2C 145 LiFePO4

Ref.[S10] 2C 135 LiFePO4

Ref.[S2] 2C 127 LiCoO2

Ref.[S9] 2C 115 LiFePO4

Ref. [S6] 2C 105 LiCoO2

Ref.[S11] 2C 80 LiFePO4

This work 5C 120 LiFePO4

Ref.[S12] 4C 116 LiFePO4

Ref.[S10] 4C 115 LiFePO4

Ref.[S13] 5C 110 LiFePO4

Ref.[S2] 5C 104 LiCoO2

Ref.[S11] 5C 50 LiFePO4

 Ref. [S6] 4C 10 LiCoO2

Table S3. Comparison of the cycling performance of full batteries.

Reference Rates
Reversible capacity

(mAh g-1)

Cycle 
number

Cathode 
materials

This work 1 C 145 300 LiFePO4

Ref.[S10] 1 C 127.5 350 LiFePO4

Ref.[S2] 0.5 C ≈140 160 LiCoO2

Ref.[S5] 0.5 C ≈136 200 LiFePO4

Ref.[S9] 0.5 C 126 100 LiFePO4
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Ref.[S6] 0.2 C ≈100 40 LiCoO2
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