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Strengthening mechanisms of reactive element Hf on key interface in
thermal barrier coating systems based on first-principles
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Abstract: A systematic strategy was proposed and overviewed to predict the adhesion strength of metal/oxide interfaces,
with the technologically-important y-Ni(Al)/a-Al,Os interface as an example. The atomistic density functional theory
(DFT) calculations were carried out to assess the effects of temperature, interfacial stoichiometry, Al activity, S
segregation and Hf doping on the adhesion. Computations of the Al activity in Ni(Al) and the interfacial phase diagram
between 1 300 and 1 600 K suggest that the interface phase is Al-riched phase, but close to the boundary with the
stoichiometric phase. The Al-riched phase has significantly stronger adhesion than the stoichiometric phase. While S can
substantially decrease the adhesion by 60%—70%, alloying with reactive-element Hf substantially improves the adhesion
through three strengthening mechanisms: pinning S in bulk Ni(Al), displacing S from its interstitial interfacial sites, and
directly enhancing the interfacial bonds.
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Fig.2 Three commensuration structures for atomistic y-Ni/
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Table 1
atomistic p-Ni/a-Al,Os

Parameters of three commensuration types for

Lattice Strain/%
Type
constant/nm Ni Al,O4
I 0.476 9.98 0
I 0.454 4.75 —4.75
il 0.486 —2.06 2.06
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Fig.8 Segregation structures and W, of Al-rich(a) and stoichiometric interface(b) at 1/3 monolayer coverage of Hf and S (Ni, Al,

O, Hf, S atoms are represented in dark blue, green, red, light blue and yellow, respectively, colour figures available on line)
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Fig.9 Electron density contours: (a) Al-riched interface; (b) Stoichiometric interface; (c) Stoichiometric interface containing
segregated interstitial Hf; (d) Stoichiometric interface containing segregated interstitial S (Dash-dot lines at bottom correspond to

positions of contour planes in top-views)
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Fig.10 Change of calculated interaction energies of Hf-S and
Pt-S pairs in Ni with temperature at high temperatures (Dashed
lines refer to interaction energies calculated at 0 K, reflecting

low-temperature pair attraction)
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Fig.11 Electron localization function contours showing S effectively gathering electrons in Ni matrix(a) and differential valence

charge densities of Hf-S pair in Ni showing significant charge transfer from Hf to S(b)
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