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Abstract

Aqueous zinc-ion batteries (AZIBs) offer safety, low cost, and material abundance. However, their performance is limited by
dendrite formation, side reactions, and poor cycling stability. The study preliminarily examines the effects of various additives
in aqueous electrolytes on the electrochemical behaviour of AZIBs by using contact angle, pH value, Hull cell, cyclic
voltammetry (CV), electrochemical impedance spectroscopy (ELS), and linear scan voltammetry (LSV) measurements. The
additives under investigation include urea, thiourea, serine, tyrosine and tryptophan, which are known as low toxicity and
biodegradable compounds. The obtained measurement results indicate that inclusion of the additives into the blank electrolyte
of 1 M ZnSOq at the low concentration of 5 mM only induced slight change in the pH of the electrolyte, which had no significant
impact on the corrosion behaviour of a zinc metal anode in the electrolyte. In addition, the contact angle of zinc metal with the
electrolytes remained at values smaller than 90°, demonstrating the hydrophilicity of the zinc anode after addition of the
additives. Among the investigated organic additives, urea, thiourea, and tyrosine demonstrated mitigation of zinc dendritic
growth as well as inhibition of parasitic reaction (hydrogen evolution reaction). However, at high concentrations
(10-100 mM) the additives promoted the dendritic growth. The further intensive investigations are recommended to deploy,
thus highlighting the role of targeted additive selection in enhancing the durability and operational safety of aqueous zinc-ion

batteries.
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1. Introduction

In modern society, with an increasing demand for
energy, continued combustion of non-renewable
traditional energy resources not only depletes the
available resources, but also worsens global warming.
Therefore, the exploration and utilization of renewable
sources for energy production is necessary. Renewable
green energy sources include solar, wind, hydropower,
geothermal, and biomass energy. All these energy
resources are renewable, abundant, sustainable,
cost-effective, and clean (little or no carbon emissions).
However, the supply of renewable energy fluctuates
with time and the season in years. To effectively use
renewable energy sources, development of a novel
energy storage and conversion system is indispensable.
Currently, rechargeable lithium-ion batteries have been
used increasingly in portable electronic devices and
hybrid transport vehicles because of their own
advantages such as light weight, fast response, a low
self-discharge rate, and less maintenance [1]. However,
LIBs show cost-, and safety-related problems.
Specifically, the use of organic electrolytes is one of the
causes of the risk of explosions and fire in LIBs. Thus,
this has triggered research interest world-wide to
develop new battery technologies having safe, stable and
high performance.

p-ISSN 3093-3242

e-ISSN 3093-3579
https://doi.org/10.51316/jst.191.etsd.2026.36.3.9
Received: Oct 29, 2025; Revised: Dec 9, 2025
Accepted: Dec 26, 2025; Online: Feb 20, 2026.

61

Among various candidates, aqueous zinc-ion
batteries (AZIBs) have emerged and attracted increasing
attention due to their high theoretical capacity
(820 mAh-g”!, 5855 mAh-cm™), low redox potential
(—0.76 V vs. SHE), abundant and low-cost raw
materials, intrinsic safety, and the high ionic
conductivity of aqueous electrolytes [2-4]. Unlike LIBs
or sodium-ion batteries employing flammable organic
electrolytes, AZIBs use water-based electrolytes, which
minimize fire hazards and reduce environmental toxicity
[5]. Although AZIBs possess plenty of advantages, their
practical deployment is still hindered by several critical
issues associated with the zinc anode. The issues include
uncontrolled dendritic growth, and side reactions such as
hydrogen evolution reaction (HER), corrosion, and
surface passivation during repeated Zn plating/stripping
cycles [6-8]. These phenomena not only degrade
Coulombic efficiency and cycling stability but can also
cause short-circuits and mechanical failure of a separator
in AZIBs.

Regarding uncontrolled dendritic growth, according
to the previous reports, dendrite formation is mainly
driven by inhomogeneous current distribution, localized
electric field intensification (tip effect), and the solvation
structure of Zn*" in aqueous electrolytes [9-10].
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Furthermore, the high activity of water molecules
facilitates HER and the formation of insulating
by-products such as Zn(OH): and ZnsSO4(OH)s'xH-0,
which block ionic transport and accelerate anode
degradation [11, 12]. To date, various strategies have
been developed to address these challenges, including
artificial solid electrolyte interphase (SEI) layers [13],
three-dimensional structured zinc hosts [14], alloying
approaches [15], and electrolyte engineering [16].
Among mentioned strategies, electrolyte engineering is
considered one of the most straightforward and scalable
methods to enhance the performance of metallic zinc
anodes [17]. In addition to optimizing the salt type and
concentration of the electrolyte for AZIBs, the
introduction of electrolyte additives has proven
particularly effectively. Additives inclusion in the
electrolyte shows many benefits to AZIBs, for example,

(i) modifying the Zn* solvation shell and
hydrogen-bond network of water, (ii) promoting the
formation of protective SEIl-like interphases,

(iii) homogenizing ion flux and guiding Zn deposition
along preferred crystallographic planes, (iv) suppressing
HER and corrosion, or (v) improving thermal and
chemical stability of the electrolyte [18, 19].

A wide range of additives, including organic
molecules, inorganic salts, polymers, and biomolecules,
have been investigated [17]. In recent years, bio-derived
additives such as amino acids (e.g., glycine, arginine,
lysine) and polysaccharides (e.g., chitosan) have
garnered attention owing to their environmental
friendliness, low cost, and multifunctional regulation
mechanisms [20-22]. These molecules can adsorb
selectively onto the surface of Zn anodes, regulate the
electric double layer, alter Zn** nucleation behavior, and
stabilize the electrolyte—electrode interface, thereby
extending cycle life and improving Coulombic
efficiency. This demonstrates that the development of
efficient, low-cost, and safe bio-derived electrolyte
additives is a new research direction to overcome the
existing limitations of AZIBs and advance their practical
applications in large-scale energy storage.

In the present work, we report a preliminary study on
the effects of some biomolecules including serine,
tyrosine, and tryptophan as well as urea and thiourea as
electrolyte additives for AZIBs. The aim of this research
is to develop non-toxic and highly biodegradable
electrolytes that enhance the electrochemical
performance of AZIBs throughout addressing the issues
related to Zn anodes. This approach opens opportunities
for the development and commercialization of AZIBs in
applications that demand superior safety and stability to
LIBs.

2. Methodology

All chemicals including zinc sulfate (ZnSOa-7H-0,
99.5%), serine (C3sH7NO3, 99%), tyrosine (CoHiiNOs3,
99%), and tryptophan (C;1H12N2O2, 99%), urea
((NH»)2CO, 99%) and thiourea (NH»).CS, 99%) were
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purchased from Xilong Scientific Co., Ltd. (China) and
used without further purification. The electrolytes used
in this study consisted of IM ZnSO4 (Xilong, China;
purity 99%) with x mM organic additives of thiourea,
serine, tyrosine, and tryptophan (x = 5, 10, 20, 50, and
100) by dissolving the purity chemicals with distilled
water.

To evaluate electrochemical behaviour of the
electrolytes, asymmetric Cu//Zn cells were assembled
into CR 2032-coin cells. Wherein, a disc of Zn metal
worked as counter and reference electrodes and a disc
of Cu metal worked as a working electrode. The
electrodes of a diameter of 16 mm were punched from
copper foil (99.95%) and zinc foil (99.99%). A piece of
Whatman glass fiber separator was cut into 16mm-disc-
pieces. Prior to assembling a cell, the separator was
soaked in 100 pL of the electrolyte.

Cyclic  voltammetry  (CV), electrochemical
impedance spectroscopy (EIS), and linear scan
voltammetry (LSV) measurements were conducted
using a multi-channel workstation
(AUTOLAB/PGSTAT302N) equipped with an FRA2
module (ECO CHEMIE, AUTOLAB, The Netherlands)
and controlled via Nova 2.1 software. The
electrochemical performance of asymmetric cells with
different electrolytes was evaluated using CV at a scan
rate of 5 mV s! within a potential window of —0.2 to
0.4 V. For EIS and LSV measurements, a three-electrode
configuration cell was used. Wherein, a zinc metal
electrode worked as a working electrode, a platinum
mesh electrode served as a counter electrode and a
saturated calomel electrode worked as a reference
electrode. EIS measurements were performed at an
open-circuit potential (OCP) in a frequency range of
0.1 Hz to 100 kHz with a perturbation voltage of 5 mV.
The LSV measurements were carried out within the
potential window of + 300 mV vs. OCP. The inhibition
efficiency (H;) of the additives was calculated according
to LP extrapolation analysis as follows [23]:

i

H, = %2 % 100%

l. (1)
where i0 and i, are corrosion current density in the
electrolyte without and with the additive, respectively.

Besides, a Hull cell with a solution volume of 267 ml
was utilized to evaluate the effect of the additives
present in the electrolyte on the quality of
electrodeposited zinc layers, as well as to allow to
optimize a current density range for the plating Zn
process. A cathode and an anode used in the Hull cell
were copper panel and zinc panel, respectively. The
current distribution was calculated based on the formula
[24]:

i = 1(5.1 — 5.241log,,X) ©)

where i is current density (A-dm?) and [ is total current
(A) and X is distance from high current density end of
cathodic panel.
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In addition, to record the growth process of Zn
dendrites during the charge process of AZIBs a
transparent symmetric cell of Zn/electrolyte/Zn was
prepared, where the distance between two Zn electrodes
was fixed to be 1 cm. Finally, the wettability and pH of
the electrolyte with the presence of the additives were
evaluated using a contact angle analyzer
(DSA25, KRUSS) and a portable pH meter (HANA).
The measurements of water contact angles were
performed at ambient temperatures with a volume of the
test electrolyte droplets approximately 2 pL. Three
different positions on the Zn surface were measured to
obtain average contact angle values. Similarly, the pH
measurements of the electrolytes with and without the
additives were performed three times. The
corresponding values reported in the present work are
average values.

3. Results and Discussion
3.1. Effect of the Additive Composition

The pH of electrolyte is one of important
specification parameters that determine the long-term
cycle life of AZIBs. The anode of AZIBs is normally Zn
metal, which has a negative reduction potential
(—0.76 V vs. SHE), aggressive activity, and high
corrosion rate in aqueous electrolytes, specifically, in
acidic (pH < 6) and alkaline (pH >12.5) environments
[25]. Thus, to interpret the effect of the additives on the
stability of zinc anode in AZIBs, pH of the electrolytes
with and without the additives under investigation was
measured.
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o Ue? _our®®  get™® oé\“iﬂp\op“a“

Ty
Fig. 1. pH of the electrolyte containing 1M ZnSO4 in the
presence of SmM different additives

As shown in Fig. 1, in the absence of the additives,
the electrolyte only containing 1 M ZnSO4 (namely
blank electrolyte) possesses an acidic environment with
the pH value of 4.3. This suggests the existence of the
self-discharge phenomenon of AZIBs, which possibly
occurs due to the corrosion of the metallic zinc anode
immersed in the acidic electrolyte. After inclusion of the
5 mM additives into the electrolyte, a slight increase in
the pH of the electrolytes was recorded. In particular, the
electrolyte with the presence of urea additive had the
highest pH of 4.93, which is followed by the electrolyte
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containing tryptophan (pH of 4.85) and tyrosine
(pH of 4.67). This can be explained by that, amino acids
have both an amine group (—NH>) and a carboxyl group
(—COOH). The amine group can accept protons (H") in
solutions, leading to a slight increase in pH, whereas the
carboxyl group can react with the local H" to maintain
the stabilized surface pH microenvironment. When
OH' is present in excess, the following reaction occurs:

RCH(NH,)COOH + OH~ = RCH(NH,)C00~ + H,0 (3)

In contrast, when H' is excessive, the following
reaction occurs as:

RCH(NH,)COOH + H* & RCH(NH,;)*COOH (4)

These results demonstrate that amino acids, as
amphoteric additives, can adapt to pH changes and
maintain a stable microenvironment by interacting with
both H* and OH" ions in the aqueous electrolyte.
Meanwhile, urea is an amide. The molecule of urea only
has two amine groups, but no carboxyl group. Thus,
when urea is soluble in the aqueous electrolyte, more
protons are accepted into the amine groups of urea.
Accordingly, the electrolyte containing urea had the
highest pH value. Regarding thiourea, among the
additives, the electrolyte of the thiourea additive
possessed the second lowest pH value (pH of 4.5), just
after the blank electrolyte. Thiourea has a similar
structure to urea with the oxygen atom replaced by sulfur
but has less effect on pH due to its lower
hydrogen-bonding ability, as well as molecular polarity.
Hence, the measured pH results of the electrolytes allow
us to infer that, among the tested additives, urea offers
the highest efficiency in reducing self-discharge
phenomenon for AZIBs owing to enhancing the pH of
the electrolyte.

In addition to the pH environment, the electrolyte
wettability at electrode substrate/electrolyte interfaces is
also critical factor that governs electrochemical
mechanism of AZIBs. So, in the present work,
wettability behavior of the electrolytes containing the
additives was investigated through contact angle
measurements. Fig. 2 displays the change in the contact
angle of metallic zinc substrate with the various
electrolytes containing 5 mM additives of urea, thiourea,
serine, tyrosine, and tryptophan.
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Fig. 2. Contact angle of the electrolyte containing 1M
ZnSOy in the presence of 5 mM different additives
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As observed in Fig. 2, as for the blank electrolyte, the
measured contact angle was 70.98°. After inclusion of
the additives in the electrolyte, the contact angle
increased. In particular, the zinc substrate showed the
contact angles of 74.77°, 71.9°, and 80.68° when
measured for the electrolyte containing urea, serine and
tryptophan, respectively. Remarkably, the measured
contact angle exceeded 85° as for the electrolyte
containing thiourea (88.79°) and tyrosine (85.59°). This
indicates the increasing hydrophobicity of the surface of
the zinc anode in the electrolyte in the presence of the
additive. However, in general the measured contact
angles of the electrolyte with and without additives were
smaller than 90°, demonstrating the hydrophilicity of the
zinc anode. According to the previous reports [4, 26-28],
the inclusion of the additives promotes the preferential
bonding between Zn?" and additive molecules, as well as
reduces the water content in the solvation structure of
Zn?" ions in the electrolyte, thereby inducing Zn uniform
plating, suppressing dendrite growth, and mitigating
water-related side reactions. Accordingly, the
wettability of the electrolyte after adding additives will
be improved, which is normally evidenced by the
decrease in the contact angle of the additive-added
electrolyte toward the zinc anode. Unfortunately, the
electrolyte with the tested additives in the present work

possessed a high contact angle compared to the
electrolyte without additives.

Thus, to clarify the effect of these additives on the
electrochemical performance of the metallic zinc anode,
the cyclic voltammograms of the zinc plating/stripping
processes were recorded within a potential range of
—0.2+0.4 V vs. Zn*"/Zn at a scan rate of 5 mV-s’. As
shown in Fig. 3a, the shape of the obtained CV plot
before and after adding the additives into the electrolyte
almost remains. No strange reduction or oxidation peak
was found, suggesting no occurrence of the redox
reaction of additives within the investigated potential
range. On the positive scan, only an anodic peak is
observed at the potential from 0.14 to 0.22 V wvs.
Zn*'/Zn, depending on the additives introduced into the
electrolyte. This anodic peak corresponds to dissolution
of Zn metal onto the foreign substrate (Cu substrate in
the asymmetric Zn//Cu cell). The largest anodic peak
(3.4 mA-cm?) belonged to the thiourea-added
electrolyte, followed by the tryptophan-added
electrolyte (3.0 mA-cm), the serine-added electrolyte
(2.8 mA-cm?), and the wurea-added electrolyte
(2.7 mA-cm?). At that time, the current density of the
anodic peak of the blank electrolyte was 2.6 mA-cm?,
slightly higher than that of the tyrosine-containing
electrolyte (2.3 mA-cm™).
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Fig. 3. (a) CV plots of Zn nucleation in Zn//Cu half-cells with various electrolytes containing 5 mM additives,
(b) EIS plots, (c) Tafel plots, (d) surface images and (e) cross-section images of the zinc anode after
electrodeposition at 2 A for 5 min, corresponding to a volumetric current density of 7.49 A+-dm™
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Table 1. CV and LSV analysis data of Zn metal in the 1M ZnSO, electrolyte with and without 5 mM additives

Electrolyte QOanodic (A.8) Qcathodic (A.S) CE (%) Ecor. (V) cor. (MA-cm™?) Hi (%)
Blank 16.52 11.95 72.34 -1.018 4.57 -

Urea 38.78 29.98 77.31 -1.028 4.34 5.03%
Thiourea 45.14 32.72 72.49 -1.013 4.17 8.75%
Serine 25.15 18.85 74.95 -1.013 2.85 37.64%
Tyrosine 26.98 21.34 79.11 -1.007 2.92 36.10%
Tryptophan 22.66 10.98 48.45 -1.015 1.75 67.70%

On the negative scan, although no cathodic peak
corresponding to the deposition of Zn onto the Cu
substrate as well as no cathodic peak corresponding to
hydrogen evolution was recorded, a similar change in
the maximum cathodic current density at —0.2 V vs.
Zn*'/Zn was recognized for the electrolyte with
different additives. The results demonstrated that the
additives had a significant impact on the kinetics of
both zinc reduction/oxidation and hydrogen evolution
reactions. From Fig. 3a, the calculated ratio of the
charges for =zinc dissolution and deposition,
QOanodic/ Qcathodic, Which is well-known as Coulombic
efficiency (denoted as CE), was 72.34%, 77.31%,
72.49%, 74.95%, and 48.45% for the electrolyte
without and with urea, thiourea, serine, tryptophan,
respectively (Table 1). Herein, the cathodic process
includes zinc electrodeposition and hydrogen evolution
reactions. Noticeably, as for the tyrosine containing-
electrolyte, despite no promotion of the kinetics of both
zinc reduction and hydrogen evolution reaction, the
charge ratio held at a value of 79.11%, even higher than
that of all the rest of the electrolytes. This demonstrates
that introducing tyrosine into the electrolyte
preferentially hindered hydrogen evolution rather than
zinc reduction reaction. In contrast, among the
electrolytes, the electrolyte with tryptophan possessed
the lowest ratio of the charges for zinc dissolution and
deposition (48.45%) despite enhancement in both
anodic and cathodic current densities compared with
the blank electrolyte. This means that tryptophan
promoted both zinc deposition and hydrogen evolution
reactions but preferentially promoted the latter.

On the other hand, as for the blank electrolyte, the
onset potential of zinc nucleation was rather large
(=94 mV vs. Zn**/Zn). Meanwhile, apart from urea, the
electrolytes with serine, tryptophan, and thiourea show
a shift in the onset potential of zinc nucleation toward
less negative potential direction. In specific, the onset
potential values of zinc nucleation of —88 mV,
—48 mV, and —28 mV vs. Zn?"/Zn were recorded for
the electrolyte with adding serine, tryptophan, and
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thiourea, respectively. This demonstrates that the
additives facilitated the zinc nucleation process, which
possibly resulted in the rough and uneven zinc crystals
deposition. Compared with the blank electrolyte, the
electrolyte after inclusion of urea had a nucleation
overpotential difference of —20 mV, suggesting the
formation of a finer and more uniform zinc plating
layer.

Another critical function of the additives into the
electrolyte is to protect the zinc anode from corrosion
during standby time of AZIBs. To elucidate the
anticorrosion function, the LSV and EIS measurements
were performed in the three-electrode cell
configuration. Fig. 3b displays Polarization curves of
zinc metal in ZnSO4 1M without and with 5 mM
additives. As seen, there is almost no change in shape
of the Tafel curves in terms of both cathode and anode
branches. Only the electrolyte with 5 mM urea additive
shows a bit shift in corrosion potential (~10 mV)
towards a negative potential direction compared with
the electrolyte without the additive. The shift is less
than 80 mV, implying mixed inhibition [23]. For
further clarification, the polarization curves were
analyzed by using Nova 2.1 software, the obtained
results are listed in Table 1. Wherein, Ecor, icor. and H;
are corrosion potential, corrosion current density and
inhibition efficiency, respectively.

It is apparent that the corrosion potential of the zinc
metal almost remained after inclusion of the additives
in the blank electrolyte. The corrosion potential was
found to be around -1.01 V vs. SCE, suggesting the
high activity of zinc metal in term of thermodynamic
aspect. In general, the additives present in the
electrolyte all show the protection ability of zinc metal
from the corrosion of the electrolytes. The inhibition
efficiency of the additives varied from 5.03% to
67.70%. This is attributed to the formation of the
protective film on the zinc/electrolyte interface.
Accordingly, the zinc anode in AZIBs was protected
from the attack of corrosion agents such as H' and
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dissolved O, in the electrolyte. The Tafel analysis
results are in high agreement with the results from Fig.
1, which is related to the increase in the pH
environment of the electrolyte after inclusion of the
additives. Unfortunately, the results obtained from the
EIS measurements (Fig. 3c) are hardly consistent with
the results from the pH and LP measurements. From
Fig. 3c, it is observed that the Nyquist plots of the
electrolytes show a similar shape including a depressed
semicircle. Thus, an equivalent circuit (inset in Fig. 3b)
was proposed. Wherein, R; represents solution
resistance, R is charge transfer resistance, and CPE is
constant phase element, which represents surface
heterogeneity caused by surface roughness,
distribution of active sites, dislocation, or adsorption of
the inhibitor molecules. Surprisingly, the magnitude
(diameter) of the semicircle reduced after including the
additive into the blank electrolyte. This indicates that
the charge transfer resistance R. of zinc metal
diminished in the presence of the additive in the
electrolyte. In other words, based on EIS analysis data
at OCP it can be inferred that the presence of additives
in the electrolyte induced degraded anti-corrosion
behavior of zinc. In fact, to investigate in detail other
corrosion test methods should be applied.

To interpret further the effect of the additives on the
zinc deposition process, which corresponds to the
charge process of the zinc anode in AZIBs, the images
of the zinc plating layer in the Hull cell containing the
various electrolytes were captured and are displayed in
Fig. 3d and Fig. 3e. The plating process was carried out
at a current of 2 A for 5 min. Based on photographs of
electrodeposits from Hull cell experiment, the optimum
range of plating current density (denoted as iop.) for
achieving the smooth zinc layer without dendritic
growth was determined and enumerated in Table 1. The
Figures indicate that, for the blank electrolyte, this
range was from 3.9 to 10.2 A-dm™. In the presence of
the additives in the electrolyte, the optimum range of
plating current density varied slightly. Among them, it
is worth noting that inclusion of the tyrosine additive
narrowed the successful zinc deposition range. At the
current densities less than 1.36 A-dm™, no zinc
electrodeposition occurred. This implies that tyrosine
hampered zinc deposition, which is consistent with the
result obtained from CV measurements. On the
contrary, in the presence of tryptophan the zinc plating
layer was formed over the copper panel although at the
low current density of 0.2 A-dm™ the deposit was
quite patchy (Fig. 3d). Besides, the cross-section image
of the zinc plated - copper cathode in the Hull cell was
captured and presented in Fig. 3e. Among the five
tested additives, only urea, thiourea and tyrosine
demonstrated ability of dendrite suppression with the
rather flat surface while the other additives showed the
apparent image of the blistered zinc plating layer or
zinc dendrites formed at the edge of the copper panel.
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To visually confirm the formation of zinc dendrites
during AZIBs operation, a transparent symmetric cell
was used. As shown in Fig. 4, at the current of 1 A after
polarization for 2 min, zinc dendrites appeared in the
cell. Obviously, adding serine and tryptophan in the
electrolyte significantly promoted the zinc dendrites
growth. The long dendrites freely grew toward the
counter electrode. Meanwhile, the cell with urea,
thiourea and tyrosine no zinc dendrite was observed.
This is evidence for the benefit of urea, thiourea, and
tyrosine in inhibition of the zinc dendrites growth. This
result is in high agreement with the result obtained in
Fig. 3e.

Blank

Thiourea Serine

Urea

Tyrosine Tryptophan

Fig. 4. Photographs of the transparent symmetric
Zn/Zn cell with the electrolyte with and without 5 mM
additives (urea, thiourea, serine, tyrosine and
tryptophan) after polarization at 1 A for 2 min

3.2. Effect of the Additive Concentration

To determine the effect of the concentration of the
additives on the formation of zinc dendrites, the
dynamic morphology change of the metal zinc
electrodes was recorded. As a typical sample, Fig. 5
and Fig. 6 show the zinc plating behavior in the
electrolyte without and with urea and thiourea
additives at the various concentrations from 5 mM to
100 mM. In general, at such a high volumetric current
density of 333.3 A-dm™ the surfaces of the zinc
electrodeposition layers obtained in the electrolyte
containing the urea and thiourea additives were found
to be even and flat for the first minute of
electrodeposition. However, when the
electrodeposition time was prolonged, the zinc
dendrites appeared. The growth of the zinc dendrites
occurred dramatically when the additive concentration
increased. As for the urea additive, after 5 min of
electrodeposition, the formation of zinc dendrites was
recorded in all the electrolytes including the electrolyte
containing the low concentration of 5 mM urea. As for
the thiourea additive, as shown in Fig. 6 it is surprising
that, apart from the electrolyte containing 5 mM
thiourea, when the concentration of thiourea increased
from 10 mM to 100 mM, the dense density and
increasing length of zinc dendrites electrodeposited on
the zinc surface were recorded. This demonstrates that
the thiourea impossibly suppresses zinc dendrites at
high concentrations larger than 5 mM.
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Fig. Sne. In-situ optical images of initiation and growth process of zinc dendrites in the electrolyte (a) without and
with urea additive at the different concentrations, (b) 5 mM, (c) 10 mM, (d) 20 mM, (e) 50 mM, and (f) 100 mM at a
current of 1A

|
|
|
\
|
[ 0 min >1min >3min >5min [ 0 min )1min >3min >5m|n
17 1 17

I’ I’
a) Blank b) Thiourea 5 mM c) Thiourea 10 mM

[ 0 min ) 1 min )3 min ) 5 min [ 0 min ) 1 min ) 3 min ) 5 min [ 0 min ) 1 min ) 3 min ) 5 min
U U 1~ 18 18 U’ 1V 1 1
d) Thiourea 20 mM e) Thiourea 50 mM f) Thiourea 100 mM

Fig. 6. In-situ optical images of initiation and growth process of zinc dendrites in the electrolyte (a) without and with
thiourea additive at the different concentrations (b) 5 mM, (¢) 10 mM, (d) 20 mM, (e) 50 mM, and (f) 100 mM at a
current of 1A

4. Conclusion range partly contributed to improving interfacial
resistance, reducing corrosion current density, and
suppressing dendrite growth. By contrast, serine and
tryptophan were ineffective and, even promoted
dendrites. These findings indicate the potential of
optimized organic additives to extend the cycle life and
safety of AZIBs. However, to confirm positive effect of
these additives the intensive investigations are
indispensable. These investigated results will be
reported in our subsequent publications in the near
future.

This study investigated the effects of urea, thiourea,
serine, tyrosine, and tryptophan as electrolyte additives
for aqueous Zn-ion batteries. The results show that
addition of the additives in the blank electrolyte hardly
impacted significantly on the wettability and pH of the
electrolyte. The hydrophilicity of zinc metal remained,
which was manifested by the contact angle smaller than
90°, after inclusion of the additives in the electrolyte.
The addition of urea, thiourea, and tyrosine was
beneficial when their concentration was not over 5 mM.
Increasing pH of urea, thiourea, and tyrosine to a neutral
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