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Figure 1 (Color online) Crystalline structure of unit cell of bulk Yttrium.
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Figure 2 Total energy of bulk Yttrium using the computational framework of PAW+GGA. (a) Cut-off energy; (b) k-point sampling; (c) lattice

constant; (d) enlarged view of box area in (c).
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Figure 3  The schematic diagrams of Ni(111)/a-Al,05(0001)
interface with Yttrium doping. (a) Front view; (b) top view; (c)
Al-substitution site; (d) interstitial site; (¢) Nil-substitution site; (f)
Ni2-substitution site.
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Figure 4 Schematic diagram of the uniaxial extension simulation of
Ni(111)/a-Al,O5(0001) interfaces with Yttrium doping in an interstitial
site.
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Figure 7 Variations of the valence charge densities of Ni/Al,O; interface with Yttrium doping during the stretching process.
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Tensile strength and fracture property of
Ni(111)/a-A1,05(0001) interface with Yttrium doping based on
first-principles

BAO ZeYing'?, GUO XianCong'? & SHANG FuLin'*

' Xi’an Jiaotong University, School of Aerospace, Department of Engineering Mechanics, Xi’an 710049, China;
% State Kay Laboratory for Strength and Vibration of Mechanical Structures, Xi’an 710049, China

The first principle calculations based on density functional theory are carried out to assess the tensile strength and
fracture characteristics of Ni(111)/a-Al,03(0001) interface with Yttrium doping in thermal barrier coating. At first,
careful investigations are made to determine the computational models of the Al-terminated O-site Ni(111)/
a-Al,03(0001) interfaces, i.e., the physically possible occupied positions of reactive element Y among interstitial
site, Al-substitution site and Ni-substitution site. By calculating the bonding energy of interfaces and comparing with
that for clean Ni/Al203 interface, the stable Ni(111)/a-Al,O5(0001) interface model with reactive element Y is
obtained. A detailed analysis of this interface is made on its atomic bonds and the lattice constants. Then, uniaxial
tensile simulations by first-principle method are done to extract the fundamental mechanical properties of this
interface, including theoretical tensile strength and work of separation. Furthermore, the failure and fracture
characteristics of the interface are elucidated by observing the variations of the atomic bonds near interface and
valence charge densities. Our study confirms that reactive element Y substantially strengthens the adhesion of
Ni(111)/a.-Al,03(0001) interface.

reactive-element Y, Ni/Al,O; interface, tensile strength, fracture characteristic, first-principle calculation
PACS: 71.20.Be, 71.15.Mb, 71.15.Dx
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