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Experimental section

Synthesis of CaVgO,¢xH,0

CaV30,9-xH,O was prepared by a simple hydrothermal method.! 0.81 g V,0s and 0.24 g
CaCO; were added into 50 mL deionized water under continuous magnetic stirring for 0.5 h.
Subsequently, the pH value was adjusted to 3 by adding CH;COOH solution. After stirring
for 0.5 h, the mixture was transferred to a 100 mL Teflon-line autoclave and heated at 180 °C
for 72 h. The collected products were washed repeatedly with deionized water and then dried

at 80 °C for 12 h to obtain the CaVgO,o-xH,O.

Preparation of electrolytes
BE electrolyte (2M ZnSQO,) was prepared by dissolving 5.75 g ZnSO,4-7H,0 into 10 mL
deionized water. 2-0.15Yb electrolyte (2M ZnSO4+0.15M Yb,(SO,);) was prepared by

adding 1.17 g Yb,(SO4)3-8H,0 into 10 mL BE solution.

Material characterization

Structural characterizations were done by X-ray diffraction using a Rigaku Mini Flex 600
diffractometer. The morphologies and microstructures of samples were performed by
scanning electron microscopy (FEI Nova NanoSEM 230, 10 kV) and transmission electron
microscopy (JEM-F200, 200 kV) with energy dispersive spectrometer (EDS, Ultim Max 80).
The STEM samples were prepared using a focused ion beam (FIB, Helios 5 PFIB). HADDF-
STEM imaging and STEM-EDS analysis were conducted by JEOL ARM 200F with JED-

2300T. X-ray photoelectron spectroscopy (XPS) was performed using Nexsa X-ray
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photoelectron spectrometer (Thermo Scientific). The grain size of deposited Zn was tested by
Electron backscattered diffraction (EBSD, Oxford instruments Nordly Max3). The three-
dimensional morphology of the Zn anode surface was performed using a Laser confocal
scanning microscope (LCSM, KEYENCE CK-X1000). The in-situ optical photographs were
taken with an optical microscope (LeicaDM2700M). Electron probe microanalysis (EPMA)
was carried out on a JXA-8230 instrument with wavelength-dispersive X-ray spectroscopy

characterization.

Electrochemical measurements

The cathode was obtained by pressing the mixture of CaVgO,y-xH,0, conductive carbon
black, and PVDF at a mass ratio of 7:2:1 on the stainless-steel mesh. The Zn foil was
punched into disks (15 mm). The glass fiber film was used as the separator (19 mm). Cyclic
voltammetry (CV), electrochemical impedance spectroscopy (EIS), and Tafel plots were
measured on an electrochemical workstation (CHI 660E, China). Different from ordinary
coin cells, graphite felt was used as a current collector to increase the mass loading of
cathode in CVO|Zn cells at a low N/P of 2.26, where the mass of CVO cathode is about 4.8
mg cm 2 with the capacity of 2.85 mA h, while Zn foil with the thickness of 10 um was used
as anode. The CVO|Zn pouch cell was fabricated by stacked technology with three Zn foils
and three pieces of CVO electrodes. The cathode was prepared by coating the slurry mixture
on a carbon felt current collector with a size of 10 cm x 8 cm x 3 mm. Before the cycling test,

the assembled pouch cell was activated five times at 80 mA gcamoge '

S3



Density functional theory (DFT) calculations

DFT calculations were performed on the CP2K package by using the CP2K package mixed
Gaussian and plane-wave scheme and the Quickstep module, with the help of Multiwfn
software. The Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional, Goedecker-
Teter-Hutter (GTH) pseudopotential was used to describe the system. A plane-wave energy
cut-off and relative cut-off of 400 Ry and 55 Ry have been employed, respectively. The
energy convergence criterion was set to 107 Hartree. The DFT-D3 level correction for
dispersion interactions was applied. A geometry optimization was considered convergent

when the energy change was smaller than 0.011 eV AL,

Finite element simulation

A 2D finite element model was established to demonstrate the current density distribution at
the interface of electrolyte/anode with different electrolytes to predict the Zn>* ion deposition
process, which was investigated by COMSOL Multiphysics 5.6 framework coupling with the
tertiary current distribution and Nernst-Planck physics module. The geometric models are
shown in Fig. S21. The ionic conductivity of electrolytes was 1.34 S m™!' and 1.01 S m™!,

respectively.
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Fig. S1 (a) Ionic conductivity. Zinc ion transference number of (b) 2-0.15Yb and (c) BE

electrolyte.
b c
aoz 2-0.15Yb 300 2-0.15Yb 2-0.15Yb cycled Ry
BE \ 250 Fitting Fitting 2001 4&'_|:{|:|’:|7
. 0.1 BE BE cycled
< 48 mV 2001 Fittng -~ Fitting _
5 00 — et € 150 A g CPE
= . N 1004
3] 100
-0.1
50
-02 0+ 0+ D
04 -02 00 02 04 0 200 400 600 800 0 100 200 300
Voltage (V) 7' (Q) Z(Q)

Fig. S2 (a) CV curves of Zn|Cu cells. (b) EIS curves and (c) corresponding partial
enlargement EIS curves of Zn|Zn symmetric cells before and after 30 cycles at 2 mA cm™

and 2 mA h cm™ (inset is the equivalent circuit diagram).
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Fig. S3 EIS of symmetric cells with (a) 2-0.15Yb and (b) BE electrolyte under different
temperatures.

The activation energy (E,) is calculated from equation (1).2

1 -E,
— = Aexp

ct

_T (1)

Where R, represents the charge transference impedance, A is Arrhenius constant, R and

T are gas constant and temperature constant, respectively.
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Fig. S4 CV curves of symmetric cells with (a) 2-0.01YDb, (b) 2-0.05Yb, (¢) 2-0.1YDb, (d) 2-
0.15Yb and (e) BE electrolyte under various scan rates. (f) Double layer capacitance at Zn
anodes in different electrolytes. (g) Relationship between the values of EDLC and
electrolytes with different concentrations.

The electric double layer capacitance (EDLC) is obtained by equation (2).3

C=- )

v
Where C is capacitance, v is scanning rate, i is current density, the value of i is
determined by taking the half of the current density difference between positive and negative

scan under each scanning rate.
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Fig. S6 (a) Cyclic performance and (b) local magnification of symmetric cells at 10 mA cm™2.

(c) Rate performance of symmetric cells. (d) Exchange current densities. Cyclic performance

of symmetric cells at (€)10 mA cm2 and (f) 20 mA c¢cm™? with an areal capacity of 1 mA h

cm 2.

Exchange current density can be calculated by Equation (3).4

. Fn
l=10—

2RT

)

where i is current density, i, is the exchange current density, F and R are Faradic

constant and gas constant, respectively, T is temperature constant and 7 is overpotential.
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Fig. S8 Cross-section SEM images of Zn anodes deposited at 10 mA c¢cm ™2 for 1h in (a, c)

2-0.15YDb and (b, d) BE electrolyte.
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Fig. S9 SEM images and EDS maps of Cu foils with the plating capacity of | mA h cm™2 in

2-0.15YD electrolyte.

Fig. S10 SEM images and EDS maps of Cu foils with the plating capacity of 1 mA h cm™2 in

BE electrolyte.
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Fig. S11 XRD of Cu foils with the plating capacity of | mA h cm™2 at 5 mA cm™ in different

electrolytes.

Fig. S12 SEM images of Cu foils with the plating capacity of I mA h cm™2 at 5 mA cm™2 in

(a, b) 2-0.15YD and (c, d) BE electrolytes.
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Fig. S13 XPS spectra of Zn anodes after cycling.
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Fig. S14 XPS spectra for Yb 4d of Zn anode after cycling in BE electrolyte.
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Fig. S15 Morphology and corresponding EPMA mapping of Zn anodes after cycling in (a) 2-
0.15YD electrolyte and (b) BE electrolyte.

Fig. S16 (a) HAADF and (b, c) HRTEM images of Zn electrodeposit in BE electrolyte. (d)
HAADF, (e) HRTEM image and (f) SAED pattern of Zn electrodeposit in 2-0.15Yb

electrolyte.
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Fig. S17 (a) HAADF and (b) corresponding linear EDS results of Zn anode after 10 cycles in

2-0.15Yb.

Fig. S18 EBSD IPF mapping of Zn anode after plating in 2-0.15YDb electrolytes.
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Site Yb (Wt%/At%)
1 1.22/0.47
2 1.56/0.6
3 1.55/0.59
4 2.67/1.03

Fig. S19 HADDF image of a typical grain boundary in Zn deposit with 2-0.15Yb and the

corresponding EDS analysis of Yb concentration for the 4 positions along the grain boundary.
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Fig. S20 (a) Section SEM image, (b) EBSD mapping, and (c, d) IPF mapping of Zn anode

after plating in BE electrolyte with a capacity of 10 mA h cm™2 at 10 mA cm™2.
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Fig. S21 Models for Zn anodes with BE and 2-0.15Yb electrolytes.

a

35

s

2

@

5

£ CaVy0,exH,0
PDF#45-1362

. L] N

10 20 30 40 50 60 70 80
2 Theta (degree)

Fig. S22 (a) XRD and (b) SEM image of CVO material.
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Fig. S24 Rate performance of CVO|Zn cells with different electrolytes.
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Fig. S25 GVD curves of CVO|Zn cells at different electrolytes.

t
Table. S1 Calculation results of Z1°  of different electrolytes.

Electrolyte R, (Q) Rs (Q) I; (nA) Is (nA) t
2-0.15Yb 144.2 446.4 62.8 28.6 0.69
BE 376.1 640.5 38.2 19.0 0.36
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Table. S2 Summary of electrochemical performance of recent Zn anode with different

strategies.
Strategies der(ljsli;i(?r;A A(EZI Eacpriggy CE Snff’;‘)A Dﬁﬁ?g{;y Ref.
1 1 2400
10 10 2500
2-0.15Yb 10 1 19000 Vf(')‘r‘f(
20 1 28000
80/125
La**-ZS 1 1 1200 5
27n-1Sc 4 4 520 6
ZLT-DMC 1 1 2000 7
HSE-10 m 0.5 0.5 600 8
Zn-Tx 0.5 0.5 600 9
KL-Zn 0.2 0.1 440 10
In@Ag 0.5 0.5 300 .
5 5 550
Zn(0002) 10 2 5400 12
Zn;sCu 1 1000 13
PSPMA 1 0.5 1100 14
PS-Zn > : 2000 15
10 1 5000
ZnS04-SrTiO4 1 0.5 2000 16
7S-C4 20 10 6000 17
CP/EGZn/Betaine 0.5 0.5 1000 18
M 2002 1 ! 2000 19
Co(TAPC)/ZnSO4 20 5 2500 20
4 m Zn(BE.),/EG 0.5 0.25 2000 .
50/200
PVDF-Sn 1 1 1200 22
HPA 20 5 6000 23
ZnS04-C3N4QDs 1 1 1200 24
Z1G-20 wt% 1 0.5 900 25

IL-AE 1 1 700 26
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2M ZnSO4+50 mM

DOT 4 4 1400 27
B-CD 1 1 500 28
Cu/Zn-N/P-CMFs 2 2 1200 29
10 1 1600
o-CD+ZnSOy4 30
30/200
(002)-Zn 2 2 1000 31
SFPAM-Zr 0.5 0.5 1250 32
1 1 1500
1Z-5H 33
20 4 1400
25% SL 80/50 34
D-ZF 60/40 35
ZSO/DM-0.09 45.54/135 36

Table. S3 Comparison of the cycling performance of Zn|2-0.15Yb|CVO pouch cell with
previously reported pouch cells.

Current

. . Capacity
Strategies Cathode density  Capacity  Cycle retention  Ref.
(mA (A h) number o
= (%)
g
This
2-0.15Yb CaV30,9-xH,0 80 0.83 63 79
work
DMI PANI 50 0.028 75 86.9 37
PSE LiMn,04 ~ 0.035 ~ ~ 38
ZS0O/DM-0.09 NH4V40 250 0.037 50 92 36
N-ac/ZSO ZnV40;6-8H,0 474 0.04 100 90.1 39
B-CD Zn,V,05 500 0.043 100 90.6 40
QEE MnO, 300 0.011 100 79 41
101-Zn MnO, 100 0.033 50 87.3 42
Zn-plated PANI-intercalated
PBA@CC V,0; 500 50 71 43
Zn@Bi/Bi,03 MnO, 12 0.002 100 84.1 44
Zn0O(002)@Zn V,05 500 0.09 ~ ~ 45
Fs-Zn MnO, 200 0.047 40 76.5 46
ZnSO4-
SITiO; MnO, 500 ~ 50 80 16
n@ZS0O Ko27Mn0,-0.54H,0 308 0.5 50 86.3 47

Zn@ZBO MnO, 154 0.075 100 73.7 48
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