UV-Nanoimprinting to Modify 3D-Printed Ceramic Surfaces
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[bookmark: _GoBack]Ceramic 3D printing or Lithography-based Ceramic Manufacturing (LCM) [1] is able to produce a wide range of ceramic parts for various applications ranging from medical to aerospace. LCM distinguishes itself from other additive manufacturing (AM) techniques for ceramics by the achievable high resolution and the absolutely isotropic and homogeneous microstructure that can be obtained by this process. The materials that are used in the LCM process are UV-curable slurries filled with different ceramic particles. To obtain the final ceramic object, the parts have to be debindered and sintered. Extremely high densities can be obtained in this way, up to 99.99%. 
Although the surface quality meets or exceeds the requirement for most applications and surface roughness Ra of 0,4μm can be achieved in the final part [2], in certain special cases it can be interesting to add well defined microstructures on the surface. We suggest that one way to achieve this is to use UV-NIL. On the one hand the LCM process is also based on UV-curing materials and on the other hand nanoimprinting is capable of also patterning non-flat surfaces [3,4]. Initial nanoimprinting tests lead to a modification of the LithaLox350 material, since we could observe unwanted material residues on the stamp. The LithaLox350m material was now used as an imprint material to establish a basic nanoimprinting process. We chose a master design with generic line and space structures with varying periodicities to be able to assess the structure fidelity along the whole processing chain. Glass substrates and ceramic substrates were used (LithaLox350 and LithaLox350m). Figure 1 shows some of the substrates, the size is 20x20x1mm³. The LCM substrates were used in both the as printed and in the debindered state. One of the challenges is the strong oxygen inhibition of the material which in the end made us shift from PDMS (Sylgard 184) to MD700 as stamp material. Figure 2 shows two imprinted samples (as imprinted). The smallest features shown in the right image are 5µm in size. The difference can clearly be seen. Additional challenges are the adhesion of the added, nanoimprinted layer and the grain growth during the further processing steps. The adhesion challenge results from the significant shrinkage during sintering, which is approximately 23% in the XY direction. The effect of grain growth is shown in Figure 3. There is significant variation in grain size, with the larger grains in the same size regions as the structure shown. We will report on our progress towards improved adhesion and control of grain size growth to achieve well-defined sintered microstructured surfaces.
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Figure 1. Ceramic substrates fabricated using LCM. The size of the substrates is 20x20 mm²

[image: ]Figure 2. left: imprint into LithaLox350m with PDMS stamp. Right: same imprinting conditions with MD700 stamp.
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Figure 3. 20µm wide cross-structure fabricated using UV-NIL after debinding and sintering. The ceramic grains developing during the sintering process can clearly be seen. 
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