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Supplementary Figures and Tables 

 

Fig. S1 Cu 2p XPS spectra of iodine-treated Cu foil 

 

Fig. S2 XRD patterns of the surface layer of a CuI@Cu, b CuNC@Cu, c bare Cu foil, which 

is separated from the Cu substrate by transparent adhesive tape 
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Fig. S3 SEM images of Cu foil a before iodine treated, b after iodine treated and c after 

reduction to 0.1V 

 

Fig. S4 SEM images and corresponding elemental mapping images of different stages in the 

CuI reduction process: a before reduction, b initial stage, c late stage and d after reduction 

 

Fig. S5 GDC curves of the CuNC@Cu/Zn half-cell with the voltage range of 0.01-1 V 
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Fig. S6 The nucleation overpotential and alloying process in the a 2nd, b 5th and c 10th cycle 

galvanostatic deposition curve of CuNC@Cu and Cu electrodes at 5 mA cm-2 

 

Fig. S7 a SEM images and b XRD patterns of Cu electrode after nucleation (Current density: 

5 mA cm−2) 

 

Fig. S8 a SEM images and b XRD patterns of Cu electrode after deposition for 12 min 

(Current density: 5 mA cm−2) 
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Fig. S9 a SEM images with different magnifications and b XRD patterns of CuNC@Cu 

electrode after nucleation (Current density: 5 mA cm−2) 

 

Fig. S10 a-b SEM images with different magnifications of CuNC@Cu electrode after stable 

deposition for 30s (Current density: 5 mA cm−2) 

 

Fig. S11 a-c SEM images with different magnifications and d XRD patterns of CuNC@Cu 

electrode after deposition for 12 min (Current density: 5 mA cm−2) 
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Fig. S12 SEM images and corresponding elemental mapping images of Zn deposition 

morphology on CuNC@Cu electrode with a Zn deposition capacity of 1 mAh cm-2 

 

Fig. S13 Galvanostatic Zn deposition/dissolution curves of the 302nd and 303rd cycles of Cu 

electrodes which is completely short circuit. (1 mAh cm-2 and 5 mA cm-2) 

 

Fig. S14 Coulombic efficiencies of CuNC@Cu and Cu electrodes at high current density. (1 

mAh cm-2 and 20 mA cm-2) 
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Fig. S15 Aqueous dispersion system of G and G/PVP before and after ultrasonic dispersion 

for 10 mins 

 

Fig. S16 a-b SEM images of G/PVP@ZnI2 cathode material 

 

Fig. S17 a Dissolution test of PVP in different systems: PVP in H2O, PVP in 2 M ZnSO4 and 

G/PVP electrode in 2 M ZnSO4. b UV-vis absorption spectra of the PVP aqueous solution or 

the ZnSO4 electrolyte after immersing a G/PVP electrode for 24 h (both are diluted by 100 

times) 

 

Fig. S18 Separators of the full-charged batteries with G/PVP@ZnI2 cathode or G@ZnI2 

cathode 
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Fig. S19 GDC curves and polarization voltages of the G/PVP@ZnI2 and G@ZnI2 cathodes at 

0.2 A g-1 

 

Fig. S20 GDC curves of the a G/PVP@ZnI2 and b G@ZnI2 cathodes at 1 A g-1 under high 

areal mass loading 

 

Fig. S21 Cycling curve and GDC curves of AFZIB without ZnI2 active substance in the 

cathode. (Current density: 15 mA cm-2)  
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Fig. S22 a XRD pattern of the surface of Cu foil after cycling in AFZIB, which is separated 

from the Cu substrate by transparent adhesive tape. b Cycling curve of AFZIB at 1 A g-1 with 

a battery configuration of G/PVP@ZnI2 cathode || Cu anode, which has a Cu foil anode replaced 

by a Zn foil anode after 200 cycles 

Table 1 Comparison of ACE and cycle number of this work with recently reported Zn half-

cells 

Deposited 

substrate 
Electrolyte 

Current 

density 

(mA cm-2) 

ACE 

(%) 

Cycle 

number 
Refs. 

CuNC@Cu 2M ZnSO4+ 5mM ZnI6 5 99.88 4000 This work 

CuNC@Cu 2M ZnSO4+ 5mM ZnI6 20 99.91 7000 This work 

Ti 2M ZnSO4 40 97.3 250  [S1] 

Ti 30M ZnCl2 + 5M LiCl 1 99.7 2000  [S2] 

Fe 2MZnSO4+0.08M ZnF2 30 99.87 1000  [S3] 

Cu 

NBs@NCFs 
2M ZnSO4 5 98.8 1000  [S4] 

C/Cu 3M Zn(CF3SO3)2 1 99.6 300  [S5] 

Cu 50%PC-sat. 1 99.93 500  [S6] 

Cu 1M ZnSO4 4 99.4 100  [S7] 

Cu-Ag 3M Zn(TFSI)2/EMC 0.5 99.86 200  [S8] 

Cu 2M ZnSO4 2 99.55 1000  [S9] 

ZIF-8-500 2M ZnSO4 1 98.4 200  [S10] 

Table 2 Comparison of capacity and cycling performance of this work with recently reported 

AFZBs 

Electrode 

(cathode//anode) 
Mass loading Capacity 

Cycle 

number 

Decay per 

cycle 
Refs. 

G/PVP@ZnI2// 

CuNC@Cu 
15 mg cm-2 125.7 mAh g-1 at 1 A g-1. 200 0.19%* 

This 

work 

Prezincated 

MnO2//C/Cu 
/ 

200 mAh g-1 at 1 mA cm-

2 
80 0.40%  [S5] 

ZnMn2O4//Cu 1.5-2 mg cm-2 85 mAh g-1 at 0.35 A g-1 275 0.07%  [S6] 

LiMn2O4//Stainless 

steel 
1.2-1.5 mg cm-2 75 mAh g-1 at 0.4 A g-1 100 0.23%  [S3] 

Zn3V3O8//Carbon 

paper 
1.2 mg cm-2 127 mAh g-1 at 0.15 A g-1 60 0.68%  [S11] 

* under practical applications conditions: high cathode mass-loading: 15 mg cm-2 and lean 

electrolyte addition: 15 μL mAh-1 
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