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Supplementary Figures
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Fig. S1 Plot of the relationship between the interfacial energy for possible interfaces and the number

of Zn metal formula units.
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Fig. S2 Potential surface energy of (a) the (001) plane and (b) the (100) plane of Zn(OH); based on
ReaxFF method. Zn(OH), (001) has a low surface Zn atom diffusion barrier, which is beneficial for

promoting the 2D diffusion and inhibiting dendrite growth.
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Fig. S3 Surface properties of Zn metal based on MEAM method: Wulffshape and potential surface

energy of hopping mechanism.
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Fig. S4 (a) XRD patterns of the Zn metal foils after annealing at different temperatures and (b)
digital image of the Zn metal foil after annealing at 400 °C.

To investigate the temperature independence, a wide temperature range from 100 °C to 400 °C
was adopted for annealing of metallic Zn. The XRD results confirmed that there was no texture
change for metallic Zn after annealing at 100-200 °C. A high annealing temperature of 400 °C
caused structural damage of the Zn metal foil, since it was very close to the melting point of metallic
Zn (420 °C). In our experiment, an optimized temperature of 300 °C was used for the fabrication of

(002)-Zn electrode.
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Fig. S5 XRD patterns of the Zn metal foil after annealing at 300 °C for different times.

XRD results showed that the proportion of (002) plane increased continuously for Zn metal
annealing at 300 °C with increase of annealing time from 45 to 90 min, as demonstrated by the
change of texture coefficient, which reached a peak for the sample with 60 min annealing. In our
experiment, an optimized annealing time of 60 min was used for the fabrication of (002)-Zn

electrode.
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Fig. S6 EBSD reverse pole figures of the (a) pristine Zn and (b) (002)-Zn foil electrodes.
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Fig. S7 XRD patterns of pristine Zn and (002)-Zn electrodes after resting in aqueous ZnSO4

electrolyte for 7 days.

Fig. S8 Digital image of the a) pristine Zn and b) (002)-Zn foil electrodes after resting in aqueous

ZnSOgelectrolyte for 7 days.
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Fig. S9 The hydrogen evolution volume-time plots for the pristine Zn and (002)-Zn electrodes

resting in aqueous ZnSO4 electrolyte.
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Fig. S10 Cross-section OM image of the as-prepared ZHS film for electrochemical measurements.

The thickness of the ZHS film was 360 pm.
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Fig. S11 The EIS results of glass fiber (GF) separator and ZHS solid electrolyte for the ionic

conductivity measurement.
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Fig. S12 (a) Digital image of the as-prepared ZHS membranes with the thickness of 280 pm, 380
um, and 480 um. (b) EIS results and (c) ionic conductivities of the as-prepared ZHS membranes

with different thicknesses. The error bars were obtained by repeated experiments for at least 5 times.
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Fig. S13 Voltage response of Zn metal foil and ZHS film under an applied current density of 5 mA

cm, suggesting the high electronic resistance of ZHS.
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Fig. S14 EIS analysis of (a) pristine Zn and (b) (002)-Zn electrodes before and after 10 cycles at 1

mA cm? and 1 mAh cm™.
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Fig. S15 High-resolution SEM images of (a) pristine Zn and (b) (002)-Zn electrodes after resting in

-

electrolyte for 1 h after battery assembly before the deposition of Zn.

The growth of ZHS on the pristine Zn and (002)-Zn electrodes after resting in electrolyte was

observed. The ZHS plates on the pristine Zn electrode were mostly vertical, while most of the ZHS

plates on the (002)-Zn electrode were horizontal.
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Fig. S16 XRD patterns of pristine Zn and (002)-Zn electrodes after 40 cycles at 5 mA cm™ and 2

mAh cm2.
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Fig. S17 Voltage profiles of Zn||Zn and (002)-Zn||(002)-Zn symmetric cells at 5 mA cm? and 5 mAh

cm2,
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Fig. S18 (a) Digital image of the thin Zn electrode with thickness of 10 um for symmetrical cell test.

(b) Voltage profiles of Zn||Zn and (002)-Zn||(002)-Zn symmetric cells with the thin Zn electrodes

cycled at 10 mA cm™ and 3 mAh cm™.

Fig. S19 (a) SEM image of the pristine Zn electrode after 100 cycles in MnO||pristine Zn cell under

10 C. (b) SEM image of (002)-Zn electrode after 1000 cycles in MnQO»||(002)-Zn cell under 10 C.
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Fig. S20 The self-discharge results of (a) MnO,||pristine Zn and (b) MnQ||(002)-Zn cells.
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Fig. S21 Rate capability of the MnO;||pristine Zn and MnO3||(002)-Zn cells.
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Fig. S22 (a) XRD analysis of pristine Zn, (002)-Zn, and (101)-Zn electrodes. (b) Voltage profiles of
Zn||Zn, (002)-Zn||(002)-Zn, and (101)-Zn||(101)-Zn symmetric cells at | mA cm? and 1 mAh cm™.

After resting in aqueous ZnSOj electrolyte, ZHS formed on the three electrodes with different
textures. The cycling results of these electrodes suggested that the stability of (002)z,-(001)zus was

better than the other two electrodes.



Supplementary Tables

Table S1 The bill of material (BOM) for lithium ion batteries (LIB) and Zn metal batteries (ZMB),
the unit price of materials was obtained from BatPac 4.0 and alibaba.com.

LIB /100 Ah ZMB /100 Ah
Materials Unit price / $/ kg Price /$ Materials Unit price / $/ kg Price/$
Active material LiFePOs / 150 mAh g 20.6 13.73 MnO; /300 mAh g’ 5 1.67
Positive Carbon C 6.6 0.24 C 6.6 0.12
9:0.5:0.3 Binder PVDF 9.5 0.35 PTFE 10 0.18
Binder solvent NMP 31 225 H:0 0 0
Active material C /350 mAh g’ 6.6 2.26
Negative CMC 20 0.14
: .S Binder Zn metal / 820 mAh g’ 2 0.29
SBR 42 0.08
Binder solvent H:0 0 0
Positive current collector Al foil 45 0.52 Ti foil 5 0.57
Negative current collector Cu foil 14 2.58
Electrolyte LiPFs, DMC 15 1.27 ZnS0O4, H:0 2 0.17
Average potential 33V 14V
Cost 70.96 $/kWh 21.43 $/kWh

Table S2 Surface properties of Zn metal based DFT calculations.

001 100 101 110 111
Surface energies R
(I/m?) 0.64 1.10 1.09 1.40 1.34
E g (meV) 20 47 260

Table S3 Comparison of cycle life for Zn metal electrode in this work with that in recent reports.

No. Areal capacity Current density Cycle life Ref.
1 0.5 mAh cm™ 0.25 mA cm™ 100 h 1
2 0.5 mAh em* 0.5 mA cm™ 350 h 2
3 0.5 mAh cm™ 0.5 mA cm? 700 h 3
4 0.5 mAh cm? 0.5 mA cm™ 1000 h 4
5 0.5 mAh em* 0.5 mA cm™ 1800 h 5
6 0.5 mAh cm™ 0.5 mA cm™ 2200 h 6
7 0.5 mAh cm™ 0.5 mA cm™ 600 h 7
8 0.5 mAh cm? 0.5 mA cm 2668 h 8
9 0.5 mAh cm™ 1 mA em™ 100 h 9
10 0.5 mAh cm™ 1 mA em™ 200 h 10
11 0.5 mAh em™ 1 mA em 1500 h 11
12 0.5 mAh cm™ 1 mA em™ 700 h 12
13 0.5 mAh cm™ 2 mA cm? 500 h 13
14 0.5 mAh cm? 3 mA em™ 167 h 14
15 0.5 mAh cm? 2 mA cm? 3500 h This work
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Supplementary Movies

Movie S1 In-situ OM investigation of the Zn plating process for pristine Zn electrode at 10 mA ¢cm™
for 30 min (speeding-up 180X).
In the video, non-uniform Zn deposits were observed once the current was applied. Zn dendrites

were shown after 10 min and they rapidly grew afterwards.

Movie S2 In-situ OM investigation of the Zn plating for (002)-Zn electrode at 10 mA cm? for 30
min (speeding-up 180X).
In the video, dense deposit layer consisting of packed metal crystals was observed during the

entire electrochemical deposition process.
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