Development of Thin Film Gel Polymer Electrolyte for a Three-dimensional Lithium-ion Battery
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In recent decades, three-dimensional batteries have received considerable attention as they can provide high power and energy density in a small package. Nevertheless, 3D batteries are placing new demands on the selection, manufacture and compatibility of various battery components. In this work, we developed 3D nickel foam coated with NiO anode that was coated with a thin polymer film, which served as an electrolyte and separator. The electrode was obtained by oxidizing the surface of the nickel foam in air. Coating of three-dimensional anode with an ultrathin polymer containing 3 layers (PAN, blench of PAN and PVA, and PVA) was obtained by layer-by-layer technique. The SEM (Fig.1) and EDS results confirmed the uniformity of both the formation of the three-dimensional anode and the polymer coating on its surface. It has been shown that a thin and uniform polymer layer can be obtained on an anode with a three-dimensional structure. This film effectively acts as a gel electrolyte in a 3D battery. A stable electrochemical response was obtained using cyclic voltammetry and charge-discharge tests, as well as three-dimensional battery cycling capabilities. Our work demonstrates a distinctive electrochemical cell with low component costs, small size and safe operation.
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Figure 1. SEM images of 3D anode coated with thin polymer: a) top-view; b) and c) cross-section.
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