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Evolution in the energy storage field requires the development of more sustainable and efficient high-performance electrochemical storage devices (EESDs). Although the materials have been widely investigated, there is a lack of feedstock development for new additive manufacturing technologies (AM). This work presents the fabrication of high-performance EESDs using disruptive AM technologies and a novel colloidal route. The conductive graphene-based feedstock was developed for material thermal extrusion (MTE) of complex 3D electrodes. The electrode performance was enhanced by the microstructural design and electrophoretic deposition (EPD) of battery-like particles. Thus, high-performance electrodes were obtained through customizable AM and binder-free technologies respectively.  

Moreover, the technological development of the last decades requires new portable energy storage systems. The new generation of devices in addition to demanding higher energy and power densities, must be safer and easier to manufacture. In this regard, solid gel (SGE) and ceramic electrolytes (SCE) have been shown to reduce considerably the risks associated with the use of liquid electrolytes. On the one hand, SGE showed a greater potential for use in portable devices being much lighter than SCE. Thus, the ionic conductivity of SGE and its permeability in printed electrodes was promoted to fabricate high-performance symmetric EESDs by AM technologies avoiding rheological issues. However, the use of SGEs in stationary high-temperature applications is clearly limited. On the other hand, SCE displayed major stability at high temperatures. Hence, following a colloidal route novel NASICON electrolytes were printed by direct ink writing (DIW). Complex sandwich-type structures with a dense layer impacted between porous patterns were developed. The porous patterns enhanced the electrode/electrolyte interphase improving the electrochemical behaviour of the solid-state energy storage devices.

The colloidal stabilization of the active particles allows the preparation of customizable feedstock for AM technologies avoiding rheological issues. Thus, EESDs were fabricated by MTE, EPD and DIW enhancing the electrochemical performance by shaping complex 3D structures and binder-free electroactive coatings.
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