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Abstract

Progress in the design and exploration of hardimgs&twith high temperature adaptive behavior in
tribological contacts is reviewed. When couplethvmost recent surface engineering strategiesiftr h
temperature contact thermal management, this megrpens a huge opportunity for adaptive coating
applications on machine parts, where oils and ctslare commonly used. The adaptive mechanisms
discussed here include metal diffusion and fornmatiblubricant phases at worn surfaces, thermalhg
mechanically-induced phase transitions in hexagealids, contact surface tribo-chemical evolutibms
form phases with low melting point, formation ofsgao shear solid oxides, and others. All of these
adaptive mechanisms are combined in nanocompasitings with synergistic self-adaptation of surface
structure and chemistry to lubricate from ambiemperatures to 1000 °C and provide surface chemical
and structural reversibility during temperature lyg to maintain low friction coefficients. The riew
also highlights emerging surface adaptive conceptisere advances witlab initio modeling of
intrinsically layered solids point to new compawits for thermally stable, easy to shear ceramitings
load- and temperature-adaptive surfaces with amdg®mpliant carbon and boron nitride nanotubes as
well as low friction two-dimensional structures. gkpaches for self-regulation of coating thermal
conductivity, heat flow, and thermal spike mitigeis are discussed in the context of surface steictu
evolution and phase transitions. Future progresknied to the development oh situ exploration
techniques, capable of identifying adaptive surfateemistry and structural evolutions in broad
temperature regimes. When combined with prediatialeling, such approaches drastically accelerate
adaptive coating developments. The review idestifipportunities, strategies, and challenges fagdss
and applications of hard coatings with high tempeea adaptive lubrication and contact thermal
management.
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