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The relationship between R and the E, follows the below Arrhenius equation:
In(R,; ") =1nA — E/RT

The E, can be obtained by testing the temperature-dependent electrochemical
impedance spectroscopy (EIS) of Zn//Zn symmetric cells. The EIS data for the cells
with 2 M ZnSO, and 1% EMIMBF,-added 2 M ZnSO, electrolytes under various

temperatures are shown Table S1 and Table S2, respectively.

Table S1. EIS spectra of the Zn//Zn symmetric cells in 2 M ZnSO, at different
temperatures.

Temperature Temperature R E.
[°C] [K] [€] [k] mol™']
30 303.15 535.99 -2.73
40 313.15 210.00 -2.32
50 323.15 71.70 -1.86
60 333.15 20.60 -1.31
70 343.15 7.85 -0.89

Table S2. EIS spectra of the Zn//Zn symmetric cells in 2 M ZnSO4+1% EMIMBF, at
different temperatures.

Temperature Temperature Ret E,
[°C] [K] [€2] [kJ mol™']
30 303.15 978.90 -2.99
40 313.15 409.64 -2.61
50 323.15 189.39 -2.28
60 333.15 92.08 -1.96

70 343.15 48.38 -1.68




Table S3. Comparison of the performance of Zn//Zn symmetric cells above a current
density of 5 mA cm~2 and above an areal capacity of 5 mAh cm™ with ionic liquid as
additives in different research.

Current Areal Cycle Cumulative
Additive density capacity life areal capacity

[mA cm™2] [mAh cm™2] [h] [mAh cm™2]
BMIM/ZTFO! 5 25 100 1250
ImS/ZS0O? 10 20 350 3600
PZIL? 8 8 300 1200
HMIM/ZSO* 8 8 250 1000
PVIPS-1° 7.5 7.5 400 1500
PVIPS-23 5 5 500 1250

This work 5 5 1200 3000
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Figure S1. pH and conductivity of the electrolytes containing different concentrations
of EMIMBE, (0%, 0.5%, 1%, 2% and 5%) additive.
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Figure S2. SEM images of the zinc electrode cycled in different electrolytes containing
a series of concentrations of EMIMBF, (0%, 0.5%, 1% and 2%) additive.
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Figure S3. Voltage profiles of Zn//Zn symmetric cells with different electrolytes cycled
at 5 mA cm~2 and 5 mAh cm™2.
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Figure S4. XPS survey spectrum of the cycled Zn electrode at 5 mA ¢cm~2 and areal
capacity of 5 mAh cm2 after 50 cycles.



Figure S5. Cross-sectional SEM of the zinc electrode cycled in electrolyte (a) without
and (b) with EMIMBF,. (c) EDS images of the Zn electrode cycled in Zn//Zn
symmetric cells at 5 mA cm™2 and 5 mAh cm~2 for 24 h.



> 2 M ZnSO,
lo 2M ZnSO,+1% EMIMBF,

7 0.1
Voltage —~
6- Z
T )
a, 0.0 &b
54 G
>

]
1ooo,
000000000000&)00@--0.1

4-0000000 pH
000000000
2 90 o ¢

T T T T T '0.2
0 100 200 300 400 500 600

Time (s)

Figure S6. In-situ monitoring of the pH close to the Zn electrode surface during

stripping.
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Figure S7. FTIR spectrum of the initial Zn foil and the Zn foil surface after stripping

in the EMIMBF,-added electrolyte.
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Figure S8. EIS spectra of the Zn//Zn symmetric cells at different temperatures in (a) 2
M ZnSOy and (b) 2 M ZnSO4+1% EMIMBFEF,.
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Figure S9. XRD patterns of different accumulative cycling capacity of zinc electrode
under 5 mA cm2in 2 M ZnSO,.
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Figure S10. Long-term galvanostatic cycling of Zn//Zn symmetric cells with different

electrolytes at 1 mA cm™2 and 1 mAh cm™.
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Figure S11. Galvanostatic cycling of Zn//Zn symmetric cells at 10 mA cm~2 and 80%
DOD.
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Figure S12. In-situ optical microscopic images of the evolution of the Zn deposition
process zinc on a copper under a current density of 5 mA ¢cm2 from 0 min to 40 min.
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Figure S13. XRD pattern of HATNQ cathode powder.
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