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Metallic materials are typically characterized by being thermally and electrically conductive,
plastically deformable at room temperature, readily machinable, thermal shock resistant, damage tolerant,
relatively soft, etc. On the other hand, ceramics are generally characterized by high elastic moduli, good
high temperature mechanical properties, good oxidation and corrosion resistance, etc. However, until the
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relatively recent discovery of MAX phases, materialsthat possess both metallic and ceramic characteristics
have been unavailable.

The term “M;+1AX,, phase” was used for the first time by Barsoum in 2000, and was later abbreviated
to MAX. Depending on the value of n, the M,AX, M3AX, and MsAXzphases are usually referred to 211,
312 and 413 phases, respectively. Higher order MAX phases such as 514, 615 and 716 phases have also
been observed. More details can found in a table in my review paper (International Materials Review, 2011,
56: 143).

The study of the MAX phases dates back to the work published in the early 1960s by Nowotny and his
group in Vienna, who sometimes labeled them the M,BC phases and sometimes the H-phases. Among the
compounds reported are more than thirty 211 phases. In 2000, Barsoum listedforty six 211 phases. Ti3SiC,
a 312 compound, is the most extensively studied MAX phase so far. The number of 312 phases remained at
two, until the early 90’s when TizAIC, was discovered. Very recently, however, the 312 family doubled in
size with the discovery of TisSnC, TazAlC,, and (VosCros)sAIC,. The first 413 phase, TisAlN3, was
discovered in 2000, nearly 40 years after the 211 phases. Metastable Ti,SiC; and TisGeCs; were found
during epitaxial thin film synthesis. Bulk TasAlIC3;, NbsAIC;, V,AIC; and Ti,GaC; have recently been
synthesized and extensively studied. The rapid expansion of the list of the MAX phases, particularly in the
413 phases, is encouraging and suggests that this is a fruitful line of research for the discovery of new
MAX phases.

While research on the MAX phases was increasing more or steadily over the past decade, three recent
discoveries have caught more attention. The first was the discovery that some A-layers can be selectively
etched, producing a new family of 2D early transition metal carbides and/or nitrides that was labeled
MXenes, again by Barsoum. The second is the discovery of out of plane ordered MAX phases. Lastly, the
discovery of magnetic MAX phases in Sweden in 2013 is also an important development.

It is therefore timely that this issue of Advanced Ceramics is devoted to MAX/MXene research. One
of the main reasons researchers are interested in the MAX and MXene phases is the large range of potential
applications. The MAX phases are being considered for use in the nuclear industry, as heating elements,
pantographs for high speed trains, low friction materials, metal/MAX composites and thermal barrier
coatings for aerospace applications, among others. Interestingly, because of the extraordinary properties of
MXenes, especially as energy storage materials, they may find widespread use faster than their parent
MAX phases.
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