Journal of Metallurgical and Materials Engineering, 36, 4. 2025. (91-106)

b, by

KA A
Ferdowsi University

of Mashhad

Journal of Metallurgical and Materials
Engineering

https://jmme.um.ac.ir

$

Iron&Steel
Society of Iran

Investigation of the Hybrid Electrolyte 12 M Zn(NO3),4H,O-ACN for Use in Zinc-lon

Batteries
Research Article

Farzad Soleymani®

DOI: 10.22067/jmme.2025.92130.1187

1- Introduction

In response to global efforts to mitigate greenhouse gas
emissions and combat climate change, countries are
increasingly adopting renewable energy technologies such
as solar and wind power, along with electric vehicles that
rely on energy storage systems. This has led to a significant
rise in demand for rechargeable batteries, with current
research focused on reducing battery size, extending cycle
life, ensuring safety, and lowering costs. Lithium-ion
batteries are widely used due to their high energy density
and chemical stability, but issues related to cost, resource
limitations, and safety concerns have prompted the
exploration of alternative options.

Among these, multivalent ion-based batteries,
particularly zinc-ion batteries, have garnered attention due
to the abundance and low cost of zinc, along with
environmentally friendly and inexpensive electrolytes.
The performance of zinc-ion batteries is heavily
influenced by the electrolyte type, which can be aqueous
or non-aqueous, each with its advantages and limitations.
Recent innovations include “saltwater” electrolytes,
hybrid electrolytes, and the use of various solvents like
ethylene glycol and acetonitrile, aiming to improve
electrochemical stability, ionic conductivity, and safety.
Additionally, additives and electrode modifications are
being explored to optimize zinc deposition, prevent
unwanted reactions, and enhance overall battery
performance

2- Experimental
The Zn(NO3)2-4H20/H20/ACN mixtures are not fully
soluble at all ratios, and increasing the ACN content above
20 wt% causes the solution to become cloudy or biphasic.
Therefore, in this study, six aqueous/organic electrolytes
were prepared by dissolving 12 M Zn(NO3)2-4H20 at
different ACN wt% (0, 3, 7, 10, 14, 17, and 20). All
solutions were stirred for 5 hours to ensure homogeneity.
For the synthesis of the CuHCF electrode, a co-
precipitation method was used. First, 0.65 g of copper
nitrate (Cu(NO3)2) was dissolved in 27 mL of water, and

separately, 0.45 g of potassium hexacyanoferrate
(K3Fe(CN)6) was also dissolved in 27 mL of water. After
stirring both solutions at room temperature, they were
simultaneously added to 100 mL of deionized water at a
rate of 1.0 mL/min. The resulting brown precipitate was
filtered, washed with water, and dried at room temperature
for 48 hours.
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Fig. 1. Changes in viscosity and electrical conductivity as a
function of acetonitrile weight percentage.

3- Results and Discussion

Given the crucial role of acetonitrile concentration in
determining the electrical conductivity of the hybrid
electrolyte, conductivity tests were performed on
nonflammable samples, as shown in Fig. 1. Results
showed that adding acetonitrile increased conductivity,
reaching maximum 6.93 mS/cm at 10 wt%. Beyond this
concentration, conductivity declined, likely due to phase
paration or a reduced number of effective ions, as will be
further discussed based on Raman spectroscopy results.
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Fig. 3. (a) Rate capability plot and (b) corresponding charge—discharge profiles for the CaHCF cathode in the 0.9 12 M
Zn(NOs);4H,0-0.1ACN hybrid electrolyte.
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Fig. 2. Cyclic voltammetry (CV) curve of the copper hexacyanoferrate (CuHCF) cathode
in the 0.9 12 M Zn(NOg3),-4H,0-0.1ACN hybrid electrolyte.

Figure 2 displays the cyclic voltammetry (CV) curves for
the CuHCF cathode in the 0.9 12 M Zn(NOs),-4H,0-
0.1ACN hybrid electrolyte for the first, third, and fifth
cycles. The tests, performed between 0.2 V and 1.2 V (vs.
Ag/AgCl) at a scan rate of 1 mV/s, showed highly
consistent cycle profiles and peak positions, indicating
excellent cycling stability. The CV also reveals symmetric
redox peaks at approximately 0.85 V (cathodic) and 0.89
V (anodic), confirming good electrochemical stability and
reversibility for the CuHCF electrode in this electrolyte.
To evaluate rate capability, charge/discharge tests were
conducted for the CuHCEF electrode in the same electrolyte
at current rates from 0.1 to 2 A/g, with results shown in
Figure 3. The battery’s capacity decreased from 91 mAh/g
to 48 mAh/g as the charge rate increased twentyfold, but
recovered to 73 mAh/g when the rate returned to 0.1 A/g,
maintaining about 80% of its original capacity. This
demonstrates excellent rate performance and capacity
retention, as illustrated in the corresponding charge—
discharge profiles.

4-Conclusion

In this study, the hybrid aqueous/non-aqueous electrolyte
(1-x) 12 M Zn(NO3),4H,0—xACN was investigated for
zinc-ion batteries. Electrolytes with various acetonitrile

concentrations ranging from 3 wt% to 18 wt% were
prepared. Flammability tests revealed that increasing the
acetonitrile content above 14 wt% significantly increased
electrolyte flammability. Characterization tests identified
the optimal, nonflammable electrolyte as the one
containing 10 wt% acetonitrile, which exhibited an
electrical conductivity of 6.93 mS/cm, a viscosity of 0.98
mm?%s, and an improved solvation structure. The
electrochemical performance of this electrolyte was then
evaluated using a CuHCEF electrode. The results for the 0.9
12 M Zn(NO3),4H,0-0.1ACN electrolyte showed
outstanding rate capability, desirable charge—discharge
performance with more than 80% capacity retention, high
cycling stability with an initial capacity of 91 mAh/g, and
enhanced reaction kinetics. Furthermore, electrochemical
impedance spectroscopy (EIS) measurements indicated
that the zinc ion (Zn?*) diffusion coefficient in the hybrid
electrolyte was nearly 20 times higher than in the aqueous
electrolyte.
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Investigation of the Hybrid Electrolyte 12 M Zn(NO3),-4H,O-ACN for Use in Zinc-lon Batteries

Farzad Soleymani

Abstract "Water-in-salt" electrolytes, with their wide electrochemical stability window, are a significant advancement
in aqueous batteries and supercapacitors. However, their efficiency is often hindered by the slow diffusion kinetics of
metal ions like lithium or zinc. To overcome this limitation, a hybrid aqueous/non-aqueous electrolyte can be formed by
introducing an organic co-solvent into the aqueous solution. This approach accelerates the diffusion of metal ions and
resolves kinetic challenges. In this study, the physicochemical characteristics of the hybrid electrolyte system (1-x) 12 M
Zn(NO3),-4H,0-xACN were examined. The addition of 10 wt% acetonitrile to the aqueous 12 M Zn(NO3),4H,0
improved the solvation structure, restricted O-H bonding, reduced the number of free O-H bonds, and strongly hydrated
Zn27 ions, leading to enhanced electrical conductivity. Electrochemical tests with CuHCF electrodes showed high
reversibility, an initial capacity of 91 mAh/g, and over 90% capacity retention after 100 cycles. Rate capability analysis
revealed significant kinetic improvements, with 80% capacity retention even after a 20-fold charge rate increase in the
presence of 10 wt% acetonitrile. Furthermore, electrochemical impedance spectroscopy (EIS) confirmed a 20-fold
increase in the Zn2 *ion diffusion coefficient compared to the aqueous electrolyte.

Keywords Zinc-lon Battery, Hybrid Electrolyte, Solvation Structure, Electrochemical Reaction Kineti.
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