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Titania has many practical uses, especially in the energy industry, with applications such as dye-sensitized solar cells, micro-fuel cells, photonic crystals, and gas sensors. The majority of these applications can be improved by controlling the specific surface area of the titania components. With these applications in mind, a titania-based, sol-gel ink has been created for use in direct write assembly. Direct write assembly is a layer-by-layer fabrication technique whereby ink is deposited through a microcapillary nozzle that is scanned across a surface. The ink rapidly solidifies to maintain its shape, even as it spans gaps in the underlying layer(s). In this work, the effect of adding nonionic block copolymers to the ink formulation for the purpose of forming mesoporous titania structures has been investigated. An emphasis has been placed on the properties of titania rather than that of the assembled structure. The sol-gel ink printability was studied using rheological measurements and direct writing of test structures. Thermogravimetric analysis (TGA) was used to characterize the thermal treatment process and x-ray diffraction (XRD) measured the crystalline phase of the resulting titania. Transmission electron microscopy (TEM) and Brunauer-Emmett-Teller (BET) analysis were used to study the porosity of the heat treated ink. The block copolymer modified ink has proven capable of being printed with microcapillary nozzles with a 1 μm diameter orifice, which is predicted by the similarity of rheological data to that of standard inks with proven printability. TGA indicated that the block copolymer remained in the ink until thermal treatment to 550°C. XRD analysis revealed >99% anatase crystalline phase after heat treatment to 600°C. TEM suggested a porous structure after heat treatment which appeared to consist of a partly interconnected network of pores with diameters in the range of 1-5 nm.
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