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Experimental section

Material synthesis

Preparation of ZIS. ZnIn2S4 nanosphere was prepared via a simple hydrothermal 

reaction process. First, 0.8 mmol of ZnCl2, 1.6 mmol of InCl2∙4H2O and 6.4 mmol of 

thiourea were dissolved in 60 ml aqueous solution (50 vol% ethanol) under stirring 

condition. Then, the above solution was transferred to 100 ml Teflon-lined stainless-

steel autoclave and heated at 180 ℃ for 12 h. The resultant yellow precipitation was 

gathered by centrifugation after hydrothermal reaction and washed several times with 

deionized water and ethanol. Finally, the ZIS powder was dried at 70 ℃ for further use.

Preparation of ZISG-CC. ZnIn2S4, graphene oxide coated carbon fiber cloth was 

prepared via a blade-casting method. The coating slurry was fabricated by mixing 

ZnIn2S4, GO and polyvinylidene fluoride (PVDF) in N-methyl-2-pyrrolidone (NMP). 

Briefly, a certain amount of ZnIn2S4, GO and PVDF (mass ratio of 7:2:1) was added 

into 3 ml NMP and stirred for 2 h. Then, 1 ml of the slurry was uniformly dropped onto 

the surface of CC (4.5 cm × 4.5 cm) and coated using blade. The ZIS, GO-coated CC 

was dried at 60 ℃ for 12 h. 

Preparation of Zn/ZISG-CC anode. The Zn/ZIS-GO/CC anode was prepared via 

an electroplating method. The electroplating process was performed on DC power 
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supply. A ZISG-CC sample was used as working electrode, while Zn foil was the 

counter electrode. The used electrolyte was 75 ml of mixture solution of ZnSO4 and 

NaSO4. The current density of electroplating was set to 1 mA∙cm-2. The different 

capacities of Zn deposited on CC (10 mAh∙cm-2 and 20 mAh∙cm-2) can be achieved by 

altering the electroplating time. Afterwards, the Zn/ZIS-GO/CC was washed several 

times with deionized water and dried at 60 ℃ for 12 h.

Preparation of MnO2-graphite cathode material. MnO2-graphite hybrids was 

prepared basing the previous report of our group 1. 4.5 g of MnO2 powder and 0.5 g of 

graphite were mixed via ball-milling for 3 h with a rotation speed of 200 rpm. The mass 

ratio of MnO2-graphite mixture to ceramic ball was 1:10. After that, the MnO2-graphite 

hybrids were collected and severed as cathode material for AZIBs.

Material characterization

X-ray powder diffraction (XRD) was conducted on Bruker D8 advance X-ray 

diffractometer with Cu K radiation. Sample morphologies were observed by scanning 

electron microscopy (SEM. Hitachi S4800). Element composition and chemical 

information were analyzed by X-ray photoelectron spectroscopy (Thermo ESCALAB 

spectrometer). Specific surface area was measured by ASAP 2020 HD88 and water 

contact test was conducted on DM-CEI. 

The in-situ XRD was carried out by Bruker D8 advance X-ray diffractometer using 

home-made electrochemical cell. The electrolyte was 2M ZnSO4 and the applied 

current density was 5 mA∙cm-2.

Theoretical calculations



All spin-polarized DFT (density functional theory) calculations were performed 

via Vienna ab initio simulation package (VASP). The GGA-PBE exchange-correlation 

functional were used to describe the electron interactions and the van der Waals (vdW) 

interactions were evaluated by Grimme’s semiempirical DFT-D3 scheme. The cutoff 

energy of 500 eV was set for plane-wave basis sets. The Brillouin zones were sampled 

by 5×5×1 k-point grids for all models optimization. All structural relaxations were 

converged at 0.02 eV/ Å-1.

Electrochemical measurements

The bare and coated CC and pure Zn foil were first cut into disc-shaped electrodes 

(Φ = 14 mm). Zn electrode, glass fiber separator and 2 M ZnSO4 electrolyte were 

assembled to Zn|ZnSO4 |Zn cells. To explore the morphology evolution of Zn on bare 

CC and ZIS-GO/CC, Zn|CC and Zn|ZISG-CC were constructed and tested at 1 mA∙cm-2 

with 10 mAh∙cm-2. To assess the galvanostatic charging-discharging cycling stability, 

two identical Zn/ZISG-CC were assembled into Zn|Zn symmetric cells. The capacity 

of Zn pre-deposition on ZISG-CC was 10 mAh∙cm-2 (for the low cycling capacity of 

0.5 mAh∙cm-2 and 2.5 mAh∙cm-2 in symmetric cells and for the charge-discharge 

cycling in full cells) and 20 mAh∙cm-2 (for the high cycling capacity of 5 mAh∙cm-2 and 

10 mAh∙cm-2). The electrochemical tests of full cells (Zn|MnO2-graphite, Zn/ZISG-

CC|MnO2-graphite) were carried out on 2032 coin-type cell. The MnO2-graphite 

cathode were prepared via a blade-casting method using a mixed slurry that consisted 

of MnO2-graphite, conductive carbon and PVDF with the mass ratio of 7:2:1 in NMP. 

The average mass of active material on each cathode electrode was 1.5~2.0 mg∙cm-2. 



Electrochemical impedance spectroscopy (EIS, frequency range from100 kHz to 0.05 

Hz) and cyclic voltammetry (CV, scan rate of 0.2 mV/s) were performed on CHI 660E 

workstation.

Figure S1. The optical photos of the bare CC and the ZISG-CC. 



Figure S2. SEM images of CC observed at (a) low and (b) high magnification.



Figure S3. SEM images of the pristine ZnIn2S4 nanoflowers with the diameter 

distribution. 



Figure S4. The N2 absorption-desorption isotherms of the bare CC and ZISG-CC. 



Figure S5. Survey scan XPS spectra of ZISG-CC before and after discharged. 



Figure S6. The SEM morphology of ZISG-CC after the voltage decreased to 0V.



Figure S7. SEM images of Zn deposition on Zn foil and (c, d) bare CC after plating 10 

mAh∙cm-2 of Zn.



Figure S8. (a) The Voltage-time curve of Zn plating/stripping on bare CC. SEM images 

of bare CC (b) after plating 10 mAh∙cm-2 and (c) after recharged to 0.5 V.



Figure S9. The top view and cross-sectional view SEM images of (a-c) bare CC and 

(d-f) ZISG-CC after plating 20 mAh∙cm-2 of Zn.



Figure S10. The corresponding in-situ XRD patterns of ZISG-CC during Zn 

plating/stripping process at 5 mA∙cm-2 with the capacity of 5 mAh∙cm-2.



Figure S11. (a) The galvanostatic charge-discharge cycling of bare Zn, Zn/CC and 

Zn/ZISG-CC at the cycling condition of 1 mA∙cm-2/0.5 mAh∙cm-2 with (b-d) the 

corresponding voltage hysteresis. 



Figure S12. Voltage profiles of Zn/ZISG-CC symmetric cell at (a) 5 mA∙cm-2/2.5 

mAh∙cm-2, (b) 10 mA∙cm-2/5 mAh∙cm-2 and (c) 20 mA∙cm-2/10 mAh∙cm-2.



Figure S13. SEM images of (a, b) the bare Zn, (c, d) Zn/CC and (e, f) Zn/ZISG-CC 

anode after 100 charge-discharge cycles at 5 mA∙cm-2/2.5 mAh∙cm-2.



Figure S14. (a) The nucleation overpotentials of Zn on the bare Zn, Zn/CC and 

Zn/ZOSG-CC anodes with (b) the corresponding average CE value. 



Figure S15. The LSV results of bare Zn, Zn/CC and Zn/ZISG-CC anodes.



Figure S16. The equivalent circuit of Nyquist plots. 



Figure S17. SEM images of (a, b) the bare Zn and (c, d) Zn/ZISG-CC anodes after 

cycling in the full cells. 



Figure S18. The discharge capacity and the coulombic efficiency of the Zn/ZISG-

CC|MnO2-graphite pouch cell under different states.



Table S1 The stimulated electrolyte resistance (RS), SEI resistance (RSEI) and charge-

transfer resistance (RCT) for bare Zn, Zn/CC and Zn/ZISG-CC anodes.

Anode Rs(Ω) RSEI(Ω) RCT(Ω)

Bare Zn 4.0 550.9 371.9

Zn/CC 3.4 18.1 251.2

Zn/ZISG-CC 3.1 9.7 22.5
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