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Abstract Ternary MAX phase compounds were synthesized using an alternative route called MASHS (Mechanically Activated Self-propagating Hightemperature Synthesis). This original process combines a short duration ball milling (MA) of reactants (Ti, Al, C) with a self-sustaining combustion (SHS). The particle size evolution of the powder mixture during Mechanical Activation was monitored using XRD profile analysis. The effect of Al-excess was also discussed. XRD and SEM analyses have proved that the activation of the reaction kinetics must be accompanied by a decrease in the overall exothermicity in order to synthesize pure Ti–Al–C MAX phases by MASHS. © 2009 Elsevier Ltd. All rights reserved. Keywords: Powders-solid state reaction; Electron microscopy; X-ray methods; Microstructure-final; Carbides



1. Introduction Ti2 AlC and Ti3 AlC2 , members of the novel ternary compounds, so-called MAX phases, have attracted considerable interest, primarily because of their unique properties combining many merits of both metals and ceramics.1–6 Like metals, they show high thermal and electrical conductivity, and are easy to machine, resistant to thermal shock, and tolerant to damage. Like ceramics, they possess low densities, a high Young modulus, a low thermal expansion coefficient, high strength at high temperatures, and excellent oxidation resistance. All of these properties make Ti2 AlC and Ti3 AlC2 promising materials for high-temperature structural and functional applications. For preparing these ternary compounds, two kinds of methods are used nowadays. One is reactive sintering with proper starting reactants, including hot pressure (HP) sintering, hot isostatic pressure (HIP) sintering, and spark plasma sintering (SPS),1–3 the other is combustion synthesis, also called selfpropagating high-temperature synthesis (SHS), including either
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the use of elemental powders as raw materials4,5 or aluminothermic process.6 Early work related to these phases using SHS, in the late ‘80s and early ‘90s7,8 has been, if not completely disregarded, at least overlooked. One of the reasons may be the high residual phases’ content, around 30%, that were found at that time in the final product, especially TiC when synthesizing Ti3 SiC2 , Ti3 AlC2 , and Ti2 AlC.9 Other processes proposed around the same time, however, would systematically be more complex and include a purification step, which could have been proposed as a complement of SHS as well.10 The residual TiC content at that time was about 5%. Recently, a new variation of the SHS process was proposed by Gaffet et al.11 The so-called MASHS (Mechanically Activated Self-propagating High-temperature Synthesis) process consists of a short duration high-energy ball milling step12,13 followed by a self-sustaining reaction, or SHS (Self-propagating Hightemperature Synthesis), where the starting sample, powdered or compacted, is heated at one end, thus igniting the exothermic synthesis reaction which self-propagated along the sample until this sample is completely converted. This process was applied successfully to produce nanocrystalline (30–35 nm) bulk FeAl intermetallic compacts with a relative density close to 80%.14–16
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