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Nano-structured materials are increasingly finding application for basic elements of the inertial fusion energy (IFE) reactor on account of their unique properties. For example, such materials are considered for the reactor chamber wall, active solid-state laser medium, and the target shell [1,2]. This approach is also timely in the issue of fuel layer formation. This is due to the fact that fuel structurization (the grain size of the solid fuel should be scaled back into the nanometer range) allows one to make provision for the operating efficiency of IFE reactor as the stable compression of IFE targets requires the shock wave, which front has to be extremely smooth [3]. Taking into account that the grain sound velocity anisotropy for polycrystalline hydrogen isotopes (up to 19%) is close to Be (10-25%), the following researches are supremely important:

 − Shock wave propagation through the fuel layers with a different grain size [3-6];

− Fuel layer formation with a different grain size to study finished target response under layering (the layer surface roughness must be within 0.5-1(m RMS) and thermal and mechanical responses of the targets during delivery process (experiment & theory) [7, 8].

In this report, we present the results of our experiments and numerical simulations to gain insight into the relation between microstructure and bulk properties of the fuel layer in IFE targets under extreme conditions of their fabrication, injection and transport through the reaction chamber. Special attention will be paid to the following issues:
− TARGET fabrication → Free-standing target (FST) layering method developed at the Lebedev Physical Institute: (a) is a tool to form solid cryogenic layers with a submicron micro-structural length or grain size (isotropic ultra-fine layers); (b) formation conditions − high cooling rates (1(50 K/s) and random rotation combined with high-melting additives to fuel content;

− TARGET delivery → Modeling the fuel layers degrading due to thermal radiation in the reaction chamber: (a) anisotropic fuel layer degrades before the moment of target arrival at the chamber center; (b) using isotropic ultra-fine layers allows one to obtain the required target quality and ensure the survivability of a fuel core.

In our investigations, dependencies on degree of microstructure regularity and bulk fuel properties are demonstrated. We have shown the potentialities of creating the ultra-fine layers, which have an increased mechanical strength and thermal stability that is of critical importance for target fabrication, acceleration and injection.
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