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Fig. S1. Optical photographs of contact angle tests on (a) Bare Zn and (b) Cu-Zn.

Fig. S2. (a) Cross-sectional SEM images of Cu-Zn (brittle fracture after immersion in liquid nitrogen);

(b) Cu and (c) Zn elements distribution mapping images of Cu-Zn.
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Fig. S3. Schematic diagram of the assembly of Cu-Zn||Cu-Zn symmetrical cells.
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Fig. S4. Schematic diagram of the assembly of Bare Zn||Bare Zn symmetrical cells.
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Fig SS. Anti-corrosion performance of Bare Zn and Cu-Zn anodes in 2 M ZnSO, electrolyte for 5 days:
(a) XRD patterns of the surface composition of Bare Zn and Cu-Zn anodes after soaking; (b) SEM image

and (c) EDS mapping of S element of Bare Zn after soaking; (d) SEM image and (e) EDS mapping of S

element of Cu-Zn after soaking.
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Fig. S6. Overpotential of nucleation at 0.5 mA cm™.
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Fig. S7. Overpotential of nucleation at 1 mA cm.
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Fig. S8. Initial cycling performance of Bare Zn|/Bare Zn and Cu-Zn||Cu-Zn at 1 mA ¢cm and 0.5 mAh

cm ™.
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Fig. S9. Voltage curve of Cu-Zn||Cu-Zn after long-term cycling at 1 mA c¢cm and 0.5 mAh cm™.
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Fig. S10. Cycling performance of Bare Zn||Bare Zn and Cu-Zn||Cu-Zn at 2 mA cm-2 and 1 mAh cm-2

and (b) its partial amplification diagram at 150-160 h.
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Fig. S11. Partial amplification diagram at 35-45 h of Bare Zn||Bare Zn and Cu-Zn||Cu-Zn at 2 mA cm?

and 1 mAh cm™2.
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Fig. S12. Initial cycling performance of Bare Zn||Bare Zn and Cu-Zn||Cu-Zn at 2 mA cm? and 1 mAh

cm ™.
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Fig. S13. Voltage curve of Cu-Zn||Cu-Zn after long-term cycling at 2 mA cm? and 1 mAh cm?.
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Fig. S14. Comparison of voltage curves under different cycles of Bare Zn at 1 mA cm and 0.5 mAh

cm™.
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Fig. S15. Comparison of voltage curves under different cycles of Cu-Zn at | mA cm™ and 0.5 mAh cm-
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Fig. S16. Comparison of voltage curves under different cycles of Bare Zn at 2 mA cm and 1 mAh cm
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Fig. S17. Comparison of voltage curves under different cycles of Cu-Zn at 2 mA cm and 1 mAh cm™.



Fig. S18. Cross-sectional SEM images and corresponding EDS mapping of Cu-Zn anodes obtained

at different reaction times: (a-c) 30 s; (d-f) 300 s; (g-i) 600 s.
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Fig. S19. Top-view SEM images and corresponding EDS mapping of Cu-Zn anodes obtained at

different reaction times: (a-c) 30 s; (d-f) 300 s; (g-i) 600 s.
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Fig. S20. Cycling performance of Cu-Zn anodes obtained at different reaction times at 1 mA c¢cm2 and
0.5 mAh cm2: (a-c) 30 s; (d-f) 300 s; (g-i) 600 s. As shown in Fig. S18, when the reaction time is 30s,
300 s, and 600 s, the coverage thickness of the Cu layer obtained is 2 um, 5 um, and 7 um, respectively.
The tiny nano copper crystals begin to form initially at a reaction time of 30 s in Fig. S19a-c, sparsely
distributed on the surface of Zn. When the time reaches 300 s, copper particles are tightly arranged on
the surface of Zn in Fig. S19d-f. Copper particles accumulate irregularly on the surface of Zn when the
reaction time is further extended to 600 s in Fig. S19g-i, forming a barrier that blocked further reaction
between Zn and the solution. Therefore, it is difficult for the thickness of the Cu layer to increase
significantly. Electrochemical tests in Fig. S20 show that symmetrical cells assembled by Cu-Zn-30s, Cu
Zn-300s, and Cu-Zn-600s have cycling life of 70 h, 230 h, and 440 h at 1 mA c¢m2 and 0.5 mAh cm2,
respectively. It could be attributed to the weak protection of tiny and sparse cooper particles in Cu-Zn-
30s. Moreover, the Cu layer is tightly arranged on the surface of Zn in Cu-Zn-300s and Cu-Zn-600s,
which affects the contact between the metallic zinc and the electrolyte, hindering the transport of Zn?*.
Interestingly, when the reaction time is set to 120 s, the nano-copper particles are homogeneously
distributed on the surface of Zn, and a uniform electric field is established by the high conductive copper
particles on the surface of Zn, providing unobstructed channels for the transport of Zn?*. Therefore, the
cycling life of the assembled symmetrical cells can exceed 3200 h under the same conditions, show

extraordinary stability.



Fig. S21. Optical images of Bare Zn after deposition/stripping for 50 h at 2 mA cm and 1 mAh cm™.

Fig. S22. Optical images of Cu-Zn after deposition/stripping for 50 h at 2 mA cm and 1 mAh cm?.



Table S1. Comparison of symmetrical cells based on various modification strategies of zinc anode.

Current Average
Areal capacity
Modification  density / mA overpotential /  Lifespan/h Ref.
/ mAh cm2
cm? mV
Cu-Zn 1 0.5 16 3200 This work

Nano Au-Zn 0.25 0.05 83 2000 1
Ag-Zn 1 1 23 350 2
Zn|ln 1 1 110 510 3
Cu/Zn-Zn 1 0.5 46 1500 4
Si0,@Zn 1 0.5 40 1000 5
TiO,@Zn 1 1 30 460 6
ZnAl 1 1 42 230 7
PD-Zn 5 1 32 1000 8
Zn-TCPP/Zn 1 1 40 900 9
HNTs@Zn 1 1 39 1005 10
Zn-GZH 1 1 21 1400 11
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Fig. S23. Schematic diagram of a-MnO, preparation.
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Fig. S24. XRD patterns of a-MnO..



Fig. S25. SEM image of a-MnO,.

Fig. S26. SEM detail magnification of a-MnO..



Fig. S27. TEM image of a-MnO,.

Fig. S28. TEM detail magnification of a-MnO,.
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Fig. S29. Schematic diagram of the assembly of Cu-Zn||a-MnO, and Bare Zn||a-MnO, full cells.

Table S2. Fitting impedance of full cells.

EIS R./Q R/Q
Cu-Zn||0-MnO, 426.9 1.526
Bare Zn||a-MnO, 1498 1.615
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