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Abstract
Solid Polymer Electrolytes (SPE) based on Poly Ethylene Oxide (PEO) and lithium-salt complexes are one of the most promising materials for developing safe, cheap and durable all-solid-state lithium batteries [1]. However, the low ionic conductivity at ambient temperature associated with the poor mechanical and electrochemical stabilities of PEO-based SPEs limit their practical application. The attempts to overcome the disadvantages and limitations of SPEs led to the generation of a new class of electrolytes in which ceramic fillers such as SiO2, Al2O3 are incorporated in PEO-Li salt matrix. In this context, the incorporation of mesoporous silica in the polymer matrix is attractive as its possesses interesting properties, such as its unique ordered structure, high specific area, chemical properties and their versatility in terms of synthesis [2].
In our work, we propose a novel approach that leads to the elaboration a porous organic-inorganic hybrid electrolyte containing a higher weight fraction of mesoporous silica than PEO polymer. Here, the polymer-salt is entirely embedded inside the mesoporous silica matrix, offering the mechanical support to the electrolyte. Two morphologies of hybrid silica materials were tested, both powder and thin films [3]. These were synthesized using commercial structure directing agent through classical (for powders) and electro-assisted (for thin films) self -assembly sol-gel method. In the first method, hybrid silica powder was synthesized and then calcined to liberate the porosity. After this, mesoporous silica was functionalized with different low molecular weight PEO chains by a simple solution impregnation [4]. Textural and structural characterizations were performed using various techniques such as SEM, TEM, and nitrogen sorption measurements, XRD, FTIR and Thermal Analysis (TGA). In the second method, hybrid thin silica films were deposited on glassy carbon substrates via electro-assisted self -assembly method. However, the resulting films were covered by silica particles thus reducing the pores accessibility. Several strategies were thus applied to address this problem of silica particles formation. The convection of the sol using Rotating Disc Electrode (RDE) was successful leading to particle free homogeneous thin films. In this way, hexagonal well-ordered and vertically oriented meso-channels with a diameter of 3 nm were obtained after template elimination. The permeability of these films was confirmed by electrochemical characterization.
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