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Abstract

With the rapid advancement of technology, the depletion of fossil fuels such as petroleum, coal, and
natural gas has become a pressing issue. In order to reduce dependence on fossil fuels, China has started to
develop renewable energy sources such as wind and solar energy. However, the utilization of renewable
energy is limited by spatial and natural conditions. The development of batteries effectively addresses these
challenges. Currently, lithium-ion batteries dominate the market, but they are costly and pose safety hazards.
To address this issue, we have developed a PVA-based ion-conductive hydrogel.

PVA hydrogels are favored for their low cost, good biocompatibility, extensibility, and toughness,
making them highly sought-after in various fields including flexible wearable sensors, soft robotics, 3D
printing, biomedicine, and zinc-air batteries. This study explores the design of various PVA-based ion-
conductive hydrogels to improve their mechanical and conductive properties, aiming to investigate their
application in zinc-air batteries, demonstrating significantly higher open-circuit voltage and power density
compared to traditional alkaline zinc-air batteries, thereby presenting promising implications for fundamental
research. Furthermore, based on the characteristics of PVA ion-conductive hydrogels, their applications in
flexible wearable sensors and biomedicine are also explored.Specific research contents are as follows:

(1) Employing the freeze-thaw method, PVA hydrogels are prepared and soaked in ammonium sulfate
solutions to enhance their mechanical properties and introduce inorganic salt ions to enhance their
conductivity. The resulting hydrogel exhibits an elongation rate of 112% and a tensile strength of 0.58 MPa.
NH4" and SO4* ions in the hydrogel's three-dimensional network structure significantly enhance its
conductivity, making it suitable for wearable sensing devices. LCR digital bridge tests demonstrate stable
sensor peaks and varying frequencies corresponding to different human motion rates, indicating its effective
response to human walking states.

(2) Utilizing ethanol evaporation to promote hydrogen bond formation, PVA is cross-linked with small
molecules such as epigallocatechin gallate (EGCG) to form PVA/EGCG hydrogels. Due to the abundance of
hydrogen bonds, PVA/EGCG exhibits excellent mechanical properties. To investigate the effect of EGCG
concentration on its mechanical properties, hydrogels with different EGCG concentrations are prepared.
Results show that the elongation rate of PVA/EGCG is highest (457%) when the EGCG concentration is 20
mg/mL.

(3) Building upon the previous chapters, the prepared PVA/EGCG hydrogels are soaked in salt solutions

to enhance their electrical conductivity. PVA/EGCG is soaked in different nitrate solutions, and their



conductivity is tested. Results indicate that PVA/EGCG/Ag hydrogels obtained by soaking in silver nitrate
solution exhibit the highest conductivity (11 S/m). Besides high electrical conductivity, PVA/EGCG/Ag
hydrogels also demonstrate excellent comprehensive mechanical properties, with a tensile elongation of
411%. The hybrid quasi-solid-state zinc-air battery is assembled by arranging air electrodes, polyacrylic acid
hydrogels, separators, PVA/EGCG/Ag hydrogels, and zinc sheets in order. Electrochemical tests of the
battery show an open-circuit voltage of 2.0 V and a peak power density of 417 mW cm, far exceeding most
reported zinc-air batteries.

Keywords: Flexible wearable devices; Conductivity; Zinc-air batteries; Open-circuit voltage
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Figure 1-7 Schematic diagram of preparation process of carbon-based electronic conductive gel
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