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Multifunctional Sodium Gluconate Electrolyte Additive
Enabling Highly Reversible Zn Anodes

ZHAO Kang'?, ZHAO Jianan?, YU Meng', LIU Fangming!, DONG Yang',

WANG Shiwen?*? and CHENG Fangyi'™

Sodium gluconate (SG) is reported as an electrolyte additive for
rechargeable aqueous zinc batteries. The SG addition is proposed
to modulate the nucleation overpotential and plating behaviors of
Zn by forming a shielding buffer layer because of the adsorption
priority and large steric hindrance effect, which contributes to
limited rampant Zn?* diffusion and mitigated hydrogen evolution
and corrosion. With the introduction of 30 mmol/L SG in 2 mol/L
ZnS0O, electrolyte, the Zn anode harvests a reversible cycling of
1200 h at 5 mA/cm? and a high average Coulombic efficiency of
Zn plating/stripping (99.6%). Full cells coupling Zn anode with
V,0s5:1.6H,0 or polyaniline cathode far surpass the SG additive-
free batteries in terms of cycle stability and rate capability.
This work provides an inspiration for design of a high-effective and
low-cost electrolyte additive towards Zn-based energy storage
devices.

1 Introduction

Rechargeable aqueous zinc batteries (RAZBs) not only
embrace the diverse merits of aqueous electrolyte, such as
intrinsic non-flammable safety, easy operation and high
ionic conductivity, but also inherit high theoretical capacity
(820 mA-h/g) and low electrochemical potential (-0.76 V vs.
standard hydrogen electrode) of metallic Zn anode.l!—3l
Nonetheless, the practical applications of Zn-based batteries
are significantly impeded by the persistent irreversibility of
Zn metal anodes in aqueous solutions, which is attributed to
rampant dendrite growth and notorious side reactions.l*—¢l
Specifically, hard Zn protrusions that grow perpendicularly
to the anode surface could easily pierce the separator and
lead to the battery failure.”s! Furthermore, porous Zn
deposits with irregular morphologies are bound to
exacerbate the Hz generation and corrosion reactions due to
the increased exposure of fresh Zn/electrolyte interfaces,
which irreversibly consume electrolyte and active Zn and
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thus lead to performance degradation.!!%!

Until now, valid strategies, such as 3D structural
design,[''1? interfacial modification,'*'¥ and electrolyte
manipulation have been implemented to overcome the
drawbacks of Zn anodes.'>-171 Thereinto, -electrolyte
optimization only with trace additive is more appealing
owing to the features of simple operation, apparent effect
and cost effectiveness.[’#1°] The organic electrolyte additives
reported so far can be mainly divided into two categories
One

coordinating with Zn?" to optimize the solvation structures,

according to different functions. focuses on
thereby alleviating the water decomposition and realizing a
dendrite-free Zn anode.?0?l The other is building a
protective layer by species adsorption effect, which can tailor
the anode/electrolyte interface and further improve the
cycling stability of Zn deposition/dissolution.[?2-24 Despite
the substantial advances, most organic additives are focused
on the plating process, such as Zn?" desolvation, zincophilic
modulation and lattice match, while the proper regulation
on nucleation overpotential of metal Zn is still rare. It has
been recognized that the higher overpotential would actuate
the formation of smaller nucleus, which facilitates the
uniform plating of Zn ions.?! Additionally, nucleation rate
increases exponentially as the overpotential increases,
contributing to the generation of fine and dense Zn
deposits.?#?7] Evidently, the nucleation overpotential plays a
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key role in guiding homogeneous Zn?* plating, which can be
adjusted to access dendrite suppressing characteristic.l?!
Therefore, it is highly desirable to explore a multifunctional
electrolyte additive to inhibit the dendrite formation and
synchronously eliminate the water-induced parasitic
based on the
overpotential.2>30]

reactions increased  nucleation

Herein, an easily available, low cost, environmental
benign, and highly effective additive, sodium gluconate
(SG), is proposed to regulate the nucleation overpotential for
highly reversible Zn anodes in aqueous electrolyte.
Abundant polar anions of SG could form a steric hindrance
effect on the zinc anode, alleviating interfacial side reactions
and increasing the overpotential of Zn plating, while free
cationic Na* could be preferentially adsorbed on the surface
of abrupt Zn protuberance and induce a dynamic
which  hinders the

agglomerative Zn nucleus. Profiting from SG additive, the

electrostatic ~ shielding layer,
Zn nucleation overpotential increases from 52.7 mV in 2
mol/L ZnSOx electrolyte to 74.2 mV after the addition of 30
mmol/L SG. Consequently, dendrite-free and uniform Zn
deposits are achieved in the SG-containing electrolyte even
at a large areal capacity of 20 mA-h/cm? The symmetric
Zn/Zn cells with SG additive can withstand for 1200 h at the
current density of 5 mA/cm?, and the asymmetric Zn/Cu
batteries with SG/ZnSOs electrolyte yield a considerable
average Coulombic efficiency of 99.6%. Interestingly, the
rationalized 2 mol/L ZnSO+30 mmol/L SG electrolyte is
versatilely compatible with varied cathodes, such as
V205-1.6H20 and polyaniline. This study would provide an
alternative addition for electrolyte design to enable high-
performance aqueous Zn batteries.

2 Experimental
2.1 Materials and Instruments

ZnSO+7H20 (99.995%) and sodium gluconate (SG, >99.0%)
were purchased from Aladdin (Shanghai, China) and TCI
Shanghai (China), respectively. Metallic foils (Zn, Ti and Cu)
with high purity (99.9%) were supplied by Qingyuan Metal
Materials (Xingtai, China), the thickness of Zn foil is 25 um.
Vanadium oxide (V20s, 99.7%) and polyaniline (PANI, 98%)
were obtained from Energy Chemical (Shanghai, China) and
Macklin (Shanghai, China), respectively.

Morphological images were collected on a 3D laser
confocal scanning microscope (LCSM, KEYENCE VH-Z250R)
and a field-emission scanning electron microscope (SEM,
JEOL JSM-7500F). The phase composition was analyzed by
the X-ray diffraction (XRD, Rigaku MiniFlex 600) test using
Cu Ka radiation. Fourier transform infrared (FTIR) spectra
were collected on a spectrometer (Bruker Tensor II Sample
Compartment RT-DLaTGS) in the range of 4000—400 cm™.

Ionic conductivity and pH measurements were performed
on a benchtop conductivity meter (REX DDS] 308A) and a
pH meter (REX PHS]J 3F) at 25 °C, respectively.

2.2 Sample Preparation

The SG/ZnSOs electrolytes at different concentrations were
made from SG powder and 2 mol/L ZnSOx aqueous solution,
which were formulated from certain stoichiometric ratio
under ambient circumstances. The V20s51.6H20 cathodes
containing V20s-1.6H20 powders, Super-P carbon black and
polyvinylidene fluoride with a mass ratio of 8:1:1 were
homogeneously mixed by using N-methyl-2-pyrrolidone
(NMP) as solvent. The electrode slurry was casted onto Ti
foil (active mass loading of 1.5—2 mg/cm?) and vacuum
dried at 80 °C for 12 h. The polyaniline (PANI) electrodes
were prepared by pressing the mixture of PANI, Ketjen black
and polytetrafluoroethylene (PTFE) in a mass ratio of 5:4:1
on Ti mesh. The PANI loading was measured to be about
V205 1.6H20 cathode material was
synthesized by a hydrothermal method. Typically, 0.36 g of
V205 powder, 5 mL of H202 (30%) and 30 mL of deionized
water were mixed and maintained at 190 °C for 10 h. The

2 mg/em? The

product was collected by vacuum filtration, washed with
deionized water several times, and dried in vacuum at 80 °C
for 12 h.

2.3 Electrochemical Measurements

CR2032 coin-type cells were assembled in air using a glass
fiber separator. The electrochemical performances of Zn/Zn,
Zn/Cu, Zn/Ti, Zn/V2051.6H20 and Zn/PANI batteries
were tested on a LAND CT2000A. Voltammograms were
collected at a scan rate of 0.5 mV/s on a Solartron 1470E
electrochemical workstation. The potentiostatic current-time
transient curves were recorded at a constant overpotential
of -150 mV wvs. Zn*/Zn. Electrochemical impedance
spectroscopy (EIS) tests were measured at a perturbation
amplitude of 5 mV ranging from 100 kHz to 0.01 Hz. The
activation energy was calculated according to Arrhenius
equation from EIS results.

The hydrogen evolution reaction behaviors were
investigated using linear sweep voltammetry (LSV) in
aqueous 1 mol/L NaxSOs-based solutions with a three-
electrode configuration, where Ti foil, graphite rod and
saturated calomel electrode (SCE) were used as working,
counter, and reference electrodes, respectively. Cyclic
voltammetry (CV) of Zn plating/stripping was tested in a
two-electrode cell, where Ti foil served as working electrode
and Zn foil as counter electrode. The phase-selective
alternating current (AC) voltammetry tests were performed
in asymmetric Zn/Ti cells at a scanning rate of 20 mV/s with
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the voltage ranging from 0.65 V to 0 V vs. Zn?/Zn. The Coin cells (CR2032 type) of Zn/Zn, Zn/Cu,
frequency was 6 Hz, the amplitude (A) was 5 mV, and the  Zn/V20s1.6H20 and Zn/PANI configurations were
selective region of phase angles was 0°—90°. The phase shift  assembled in air atmosphere and electrochemically

(®) was calculated by Equation 1: measured on a battery tester (LAND CT2000A). Symmetrical
O = tan’! ig 1)) batteries were fabricated by sandwiching the glass fiber
o film (¢ 16 mm) between two Zn chips (¢ 12 mm) with 30 uL

where io and iso are the currents at the phase anglesof 0°and ¢ electrolyte. Coulombic efficiency (CE) was evaluated on

90°, respectively. asymmetric Zn/Cu coin cells with Cu and Zn foil as

The impedance (Z) was given by Equation 2: the working and counter electrodes, respectively. The

7= A @ Zn/V205-1.6H20 and Zn/PANI batteries were

[:2 2
i5o + ig

and the real (Z«) and imaginary (Zim) parts of the impedance ~ 0-2—1.6 V' (vs. Zn*/Zn) and 0.5—15 V (vs. Zn*/Zn),

galvanostatically charged/discharged in the voltage range of

were given by Equations 3 and 4: respectively.
Zre = Zcos® (3)
o mmsin® ® 3 Results and Discussion
The capacitance (C) can be calculated by the following
Equation 5: 3.1 Electrolyte Formulation
C=1/QnfZim) (5)

where fis the frequency of the AC perturbation. Corrosion reactions of Zn take place spontaneously once the

: : [31,32]
Zn® deposition barrier could be quantitatively aqueous electrolyte contacts with metallic Zn. To

evaluated from the temperature-dependent EIS data evaluate the anti-corrosion effect of the SG additive, fresh Zn

. . foils were soaked in 2 mol/L. ZnSOs solutions with/without
according to Equation 6: o ) o )

In(1/Re) = InA — Ex/RT ©) additive for 24 h. As displayed in Fig. 1A, the Zn foil
immersed in ZnSOs electrolyte exhibits rough surfaces with
bulk flake-like byproducts ZniSOs(OH)s:xH20 (ZSOH).
Apparently, the generation of irregular byproducts is

significantly reduced after the introduction of 10 mmol/L SG

where Rt is the interfacial Zn?* transfer resistance, Ea is the
activation energy, T is the absolute temperature, R is the gas
constant, and A is the pre-exponential factor.
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Fig. 1 SEM images of Zn foil after immersing in 2 mol/L ZnS0O4 (A), 2 mol/L ZnS0O4 with 10 mmol/L (B), 30 mmol/L (C)
and 50 mmol/L (D) SG additive for 24 h, and the corresponding XRD patterns (E), linear sweep voltammetry curves
recorded at 10 mV/s in SG-containing Na2S0O4 solutions (F), and pH evolution of 2 mol/L ZnS0Os-based electrolytes
with increased SG concentration (G)
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(Fig. 1B), and almost totally suppressed at the concentrations
of 30 and 50 mmol/L (Fig. 1, C and D). This phenomenon can
be additionally identified via the absence of the ZSOH peaks
in XRD patterns (Fig. 1E). Furthermore, the typical FTIR
signals of SG molecules instead of ZSOH species are detected
on the soaked Zn anodes in 30 mmol/L additive-containing
ZnSOx electrolyte, confirming the anticorrosive Zn surface
achieved by the SG adsorption (Fig. S1 in the Electronic
Supplementary Information, ESI).

Besides, the hydrogen evolution reaction (HER) is
parasitic accompanied by Zn deposition, which elevates the
local concentration of OH- and provokes the generation of
inactive byproducts.[33341 To assess the impact of SG additive
on the HER activity, linear sweep voltammetry (LSV) tests
were executed in 1 mol/L Na:5Os-based solutions without
Zn? plating. As illustrated in Fig. 1F, the hydrogen evolution
potential decreases as the SG addition increases, revealing
the suppression of HER behaviors. Similarly, the inhibitory
effect of H> generation by the SG additive is versatile in
ZnSOx electrolytes (Fig. S2 in the ESI). As indicated by the
pH values (Fig. 1G), SG molecules would dissociate in the
aqueous solutions to form free Na* and gluconate anions,
which is beneficial to forming the molecular adsorption layer
and alleviating the interfacial side reactions.[*!

The adsorption behavior of the SG molecules was
further investigated by alternating current voltammetry

measurements. As displayed in Fig. 2A, the capacitance
values decrease gradually with the increase of SG amounts,
denoting more SG molecules adsorbed on the electrode and
a thicker electrical double layer, thus rendering a reduced
effective electrochemical surface area at the interface.l¢! The
reduced capacitances could limit the reaction dynamics of
rampant Zn deposition, which plays a key role in
suppressing Zn dendrite formation.”! As shown in Fig. 2B,
there is insignificant difference in FTIR spectra of 50 mmol/L
SG-existing solutions, further revealing that SG molecules
mainly exert effect on the anode interface rather than
tailoring the Zn?* solvation structure. As observed in cyclic
voltammetry (CV) curves, the varied peak currents reveal
the different kinetics of Zn plating/stripping, which
decreases with increasing SG amount (Fig. 2C). Similarly,
this trend can also be detected from the voltage-time curves
revealing higher nucleation overpotentials after SG addition
(Fig. 2D).
From a

the enhanced

overpotentials could provide a sufficient driving force for

dynamic  perspective,
the nucleation and growth with finer zinc nuclei.l?%]
Furthermore, the kinetics of Zn plating was quantitatively
analyzed by the temperature-dependent EIS. Based on the
charge transfer resistance (Ret) of symmetrical Zn/Zn cells at
diverse temperatures (Fig. S3 in the ESI), the activation
energy (Ea) can be obtained by calculating the slope from

A B e (o3
J— 2 -
ol fomoI/L ﬁsécg; /__ o~ 10 0.5 mVis
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T — 50 mmollL SG K 2 moliL ZnSO. E
§ 120 2 ol
s —_\ / SG+ZnSO; -
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W Va(H-0) v(H0)vsor)| © T1OF — 50 mmol/L SG
40 | 1 1 | 1 1 | |
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Fig. 2 Differential capacitance-potential curves of various electrolytes (A), FTIR spectra of 50 mmol/L SG-added H20
and 2 mol/L ZnSOs solution (B), cyclic voltammograms of Zn plating/stripping (C), nucleation overpotentials based
on the Cu substrate (D), Arrhenius behavior and activation energies of Zn deposition (E), and ionic conductivity
tested in ZnSO4 electrolytes with different amounts of SG (F)
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Arrhenius law (Fig. 2E). Evidently, the Ea value increases as
the SG addition increases, manifesting a higher barrier of Zn
deposition. Note that the ionic conductivity decreases
slightly from 58.0 mS/cm to 55.9 mS/cm as a function of SG
concentration (Fig. 2F). Consequently, the appropriate
adsorption of SG molecules on Zn surface is expected to play
a barrier role to regulate Zn plating while excessive additive
will significantly reduce the reaction kinetics because of
decreased ionic conductivity.[*l Taking these factors into
consideration, 30 mmol/L SG additive was chosen to assess
the impact on 2 mol/L ZnSOs solution.

3.2 Zn Deposition Investigations

The 3D laser confocal scanning microscopy (LCSM) was
conducted to visually assess the controllable Zn deposits
achieved by SG additive. As displayed in Fig. 3A, massive
mossy Zn dendrites emerge on the electrode surface in
pristine 2 mol/L ZnSOx electrolyte and an extremely bumpy
surface can be observed at the higher plating capacity. In
stark contrast, more glabrous Zn deposits are attained with
the addition of 30 mmol/L SG, presenting a markedly
decreased altitude intercept of 32.64 um at 20 mA-h/cm?
(Fig. 3B). The similar conclusion was also evidenced by SEM

A

5 mA-h/cm? 10 mA-h/cm?

82.47 pm
61.86

41.23

10000 &4 " < ~ 1000.0

images (Fig. S4 in the ESI). Accordingly, we further recap the
multiple mechanisms for stabilizing Zn anodes by SG
additive. The influence of SG on the nucleation process and
surface change was scrutinized by chronoamperometry (CA)
at —150 mV (Fig. 3C). Clearly, a more stable current density
in SG-containing electrolyte implies the stable and compact
diffusion procedure with homogeneous crystal growth.
Contrarily, the current density in the ZnSOs electrolyte is
consistently increasing, representing a rampant diffusion
behavior due to the unremitting accumulation of Zn?" and
further conversion to dendrites.*!]

Based on the above results, a bifunctional effect of
gluconate anions and Na* in SG molecules emerges as the
intrinsic mechanism of stabilizing Zn anodes. As shown in
Fig. 3D, the heterogeneous deposition on the metal Zn
surface finally leads to rampant dendrites in conventional
ZnSOs electrolyte, accompanied by H: evolution and the
byproduct formation of ZSOH. In stark contrast, the SG
molecules absorbed onto Zn surface can regulate the reaction
kinetics and reduce the Zn?*" aggregation, which will form
the dense and uniform deposits (Fig. 3E). Besides, the
electrochemically inert SG molecules at interfacial regions
could boost the stability of Zn anodes by alleviating the
parasitic reactions during Zn deposition.2

90.67 pm 20 mA-h/cm?
68.00 117.6

. 8.40
4533 156.8 ym |74
2267 . 2

= 0.0
o

TR

156.8 um

90.67 pm

L
1000.0 &

- 5 ol
500.0 Nt -
. 500.0
0.0 pm 0.0 pm

5 mA-h/cm?

141
1000.0

19.06 pm

500.0

0.0 pm

0.0 pm

10 mA-h/cm?

1413
1000.0
500.0

26.42 um

500.0

" 500.0
0.0 um 0.0 um

20 mA-h/cm?

1413
1000.0

32.64 um

14.30 19.82 24.48

19.06 um Z;;“ 26.42 ym {‘jﬂ-’)l_ 32.64 uym ;"133
S 0.0 i 0.0 ) ¥

1000.0 1000.0 - 1000.0
1413.0

1413.0 500.0 1000.0 500.0 1000.0

500.0 ¢ 1000.0

X B
0.01m 6,0 00HM 6 0 ym 0.0km™"0.0 ym

C

ok — Znso, P
> — SGIZnSO.| _ ~EESene
28 12 N
& £
5
ST -15F
S -
(@]

-18 - 7ZSOH

| |
0 500 1000 1500 Metal Zn

SG/ZnSO, electrolyte

Time/s ZnSO; electrolyte

Fig. 3 LCSM surface topography of Zn deposits in ZnSO4 (A) and SG/ZnSO4 (B) electrolytes at 10 mA/cm? for diverse
areal capacities, potentiostatic current-time transient curves of Zn deposition in ZnSOs-based electrolytes
with/without SG at a fixed overpotential of =150 mV (C), and schematic illustrations of Zn plating behaviors in
benchmark ZnSOs electrolyte (D) and SG-functionalized ZnSO4 electrolyte (E)
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3.3 Electrochemical Performances

The positive role of SG additive on the reversibility of Zn
anodes was further verified using symmetric Zn/Zn
configurations (Fig. 4A). The ZnSO: electrolyte with
30 mmol/L SG delivers a stable cycling lifespan of 300 h,
much better than that with the addition of 10 and 50 mmol/L.
Clearly, a small amount of SG (e.g., 10 mmol/L) is insufficient
to protect Zn anode, showing a poor electrochemical
(e.g.
50 mmol/L) could hinder the charge transfer and Zn?

performance. In contrast, excessive additives
diffusion, which will exacerbate the battery polarization and
lead to a limited effect on the improvement of Zn anode. Not
surprisingly, the Zn anode surface in neat ZnSOx electrolyte
is completely covered by characteristic protrusions and
flake-like ZSOH byproducts (Fig. S5 in the ESI). On the
contrary, even and compact deposits on metal Zn are

obtained in the presence of SG additive. More attractively,

the introduction of 30 mmol/L SG additive can also support
reversible plating/ stripping process at a high current density
of 5 mA/cm? (Fig. 4B). Fig. 4C shows the limit current density
with a fixed plating/stripping time (1 h) and a step-increased
current density (0.5 mA/cm?). The SG additive significantly
enhances the rate capability, showing unfluctuating charge
and discharge up to 10 mA/cm? Similarly, the rate
performance improved by the addition of 30 mmol/L SG is
further evidenced in Fig. 4D.

Fig. 4E illustrates the reversible deposition/dissolution
in asymmetric Zn/Cu cells with pristine ZnSOs electrolyte
and SG/ZnSOs electrolyte. Apparently, the CE values in
ZnSOx electrolyte decay quickly after 100 cycles because of
dendrite growth and side reactions, which is accompanied
by overcharge voltage curves (Fig. S6 in the ESI). By contrast,
a considerable average CE in SG/ZnSO:s electrolyte reaches
up to 99.60% over 500 cycles. The corresponding stable
charge-discharge profiles with a decreasing overpotential
further confirm the highly reversible cycling efficiency in the
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Fig. 4 Lifespan comparison of symmetric cells at 1 mA/cm?, 1 mA-h/cm? with varied amounts of SG additive (A),
galvanostatic cycling of Zn/Zn batteries at a current density of 5 mA/cm? in ZnSO4 and SG/ZnS0;4 electrolytes (B),
voltage profiles of symmetric cells by step increasing the current density to 10 mA/cm? (C), rate performance of
Zn/Zn cells assembled using ZnSO4 electrolytes with/without SG additive (D), Coulombic efficiency comparison of
Zn/Cu asymmetric cells with different electrolytes (E) and corresponding voltage profiles in SG/ZnSO4 electrolyte (F),
and XRD patterns of plated Zn harvested from Zn/Cu cells after 25 cycles in the baseline electrolyte and designed

electrolyte (G)
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case of SG addition (Fig. 4F). Besides, XRD tests were
conducted for the Zn deposits on Cu substrates after 25
cycles under different electrolytes (Fig. 4G). Clearly, the XRD
patterns in ZnSOa electrolyte display strong diffraction
peaks of ZSOH byproducts,
significantly reduced intensity with the aid of SG additive.
As expected, SEM images further evidence that the dendrite-

which, however, have

free plating and suppressed parasitic reactions are achieved
in SG-containing electrolyte (Fig. S7 in the ESI).

To further investigate the efficacy of SG additive,
aqueous Zn-based batteries were assembled using a Zn foil
anode and different cathodes, such as V2051.6H20 and
polyaniline (PANI). Here, V2051.6H20 was fabricated
hydrothermal method. The
corresponding crystalline phase and the nanoflake structure
are identified from the XRD patterns (Fig. S8 in the ESI) and
SEM images (Fig. S9 in the ESI), respectively. Fig. 5A shows
two pairs of redox peaks in CV curves of Zn/V20s1.6H20
cells under different electrolytes, corresponding to the

through a conventional

valence change of vanadium, respectively.341 With 30
mmol/L SG in ZnSOs electrolyte, the rate performance of
Zn/V20s51.6H20-based cells at diverse current densities
ranging from 200 mA/g to 5000 mA/g precedes those without
electrolyte additive (Fig. 5B). Evidently, the selected curves

at 500 and 1000 mA/g exhibit lower polarization in the
SG-containing batteries (Fig. 5C). As depicted in Fig. 5D, the
battery using optimized SG/ZnSOs electrolyte presents great
cycling stability of nearly 86.5% capacity retention after 1000
cycles, which is much better than that of configuration with
bare ZnSOx electrolyte (48.6%). Such improved reversibility
is attributed to the reduced polarization (Fig. S10 in the ESI)
and suppression of dendrite growth (Fig. 5E), indicating the
significant impact of SG additive in improving the
performance for aqueous Zn batteries.

Furthermore, we checked the universality of SG as
electrolyte additive by taking Zn/PANI cells as an example.
The nanostructure of commercial PANI powders was
characterized by SEM images and Raman spectra (Fig. S11 in
the ESI). When coupling a Zn anode with the PANI cathode,
the cell employing SG/ZnSOs electrolyte exhibits a better rate
performance as compared to that with the ZnSOx electrolyte
(Fig. S12 in the ESI). As expected, the cyclic durability of the
Zn/PANI cell with SG/ZnSOs electrolyte was again proven at
a high current density of 1000 mA/g (Fig. S13 in the ESI).
These results indicate that SG is an effective electrolyte
additive to stabilize aqueous batteries coupling Zn anode
with diverse cathode materials.
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Fig. 5 Cyclic voltammetry curves of Zn/V20s5-1.6H20 cells in the electrolytes with/without SG additive (A), capacities
at diverse rates of different electrolytes (B) and corresponding charge/discharge voltage profiles at 500 and 1000
mA/g (C), long-term cycling behaviors of the batteries using ZnS04 and SG/ZnSO4 electrolytes at 2000 mA/g (D), and
SEM images of cycled Zn anodes in Zn/V205-1.6H20 cells (E)

4 Conclusions

In summary, a green and economic electrolyte additive, SG
is reported and investigated for representative aqueous
ZnSOx electrolyte to improve the reversibility of Zn anodes.
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Mechanism analyses suggest that SG molecules are
favorably absorbed on the electrode surface, which could
mitigate the water-induced parasitic reactions and
homogenize the Zn deposition. Remarkably, 30 mmol/L SG

addition endows the Zn/Zn cells with an outstanding cyclic
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durability up to 1200 h at a current density of 5 mA/cm?,
the benchmark ZnSOs
electrolyte. Holding the merits of boosting Zn reversibility,

significantly ~ outperforming
the formulated electrolyte is applicable to improve the
cycling stability of Zn batteries employing V20s1.6H20 or
PANI cathode materials. This work would promote design
of efficient yet low-cost electrolyte additives for better
rechargeable aqueous batteries.
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Supplementary material is available in the online version of this article at
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