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Abstract 

The outstanding potential of intermetallic compounds, especially of aluminides, for applications in the top fields of modern technique is diminished by their high ambient temperature brightness, determining a low toughness and inducing difficulties in mechanical processing. Its overtaking is being intensively investigated on the world level. Among the proposed solutions, intermetallics obtaining in a bulk nanocrystalline state is very promising. However, it presents some difficulties, as producing methods - very advantageous being mechanical alloying - allow their obtaining as nanocrystalline powders. For compacts fabrication, only methods able to preserve this structure - like spark plasma sintering and shock consolidation - are appropriate, but they are highly energy intensive and difficult controllable. 


A new approach for this purpose is proposed in this paper: combining mechanical alloying applied to the stoichiometric mixture of elemental powders – for nanocrystalline structure obtaining, with reactive sintering – for intermetallic compound synthesis and consolidation. The great amount of heat quite instantaneously evolved in the synthesis reaction and high thermodynamic instability of nanocrystalline powder, as well as a possible pressure application, is expected to facilitate the full consolidation and nanocrystalline structure preservation. 


The method has been successfully applied for bulk nanocrystalline NiAl obtaining. By mechanical alloying of stoichiometric mixture of Ni and Al powders, conducted up to the stage of mechanical disordering, a nanocrystalline structure of particles resulted (10÷12 nm crystallite size). This has been subjected to the reactive sintering under pressure. Free of pores compacts, of a nanocrystalline structure, have been obtained. Their average crystal grain size, determined by X-ray diffraction and directly observed by the high resolution transmission electron microscopy, were of about 17 ÷ 20 nm. The behavior of these NiAl nanocrystalline compacts to compression at ambient temperature highlighted permanent deformations of about 2 %, comparatively to less than 0.1 % published for NiAl in the common polycrystalline state.

