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Metamaterials with multiple anisotropic properties such as negative Poisson’s ratio or  thermal 

expansion, hold significant promise for various applications. Whilst most are based on polymers or 

metals, ceramic alternatives are needed for high temperature applications, which are difficult to shape 

by traditional shaping processes. 

 

Two-photon polymerization (TPP) enables the fabrication of intricate 3D objects by scanning a laser 

beam within a volumetric body. A combination of a galvano-scanner and a micro-positioning system 

provides precise control over the manufacturing process, resulting in true net-shape components. TPP 

is particularly advantageous for producing high added value ceramics with nanoscale structures, making 

it highly relevant for nanotechnology applications such as microfluidics or micromechanics. 

 

In this study, hybrid organic-inorganic resin systems were used as precursors, consisting of 

photocurable polymers and fumed silica. The resin mixtures where transparent in a broad spectral range 

(400–1000 nm) as required for the TPP process. Auxetic metamaterial geometries were printed and 

heat treated in air to gradually eliminate the organic fraction and sinter the silica particles, resulting in 

homogeneous glass/ceramic components. Microstructural characterization of the printed objects was 

performed using scanning electron microscopy (SEM) coupled with energy-dispersive X-ray 

spectroscopy (EDS). Shrinkage and geometrical accuracy were assessed via image analysis. The 

mechanical performance of the printed structures was evaluated by nanoindentation before and after 

thermal treatment at different temperatures, to validate the effect of lateral contraction upon axial 

compression. 
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