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Fig.1 Computational model of C15 NbCr, (the X site in the

figure is the replacement site of the Si atom)

1 EBIPASEIHE B RIAY C15 NbCro B EH aFEAFFAV
Table 1 Lattice constant a and cell volume V of C15 NbCr,

calculated theoretically and experimentally

Method a/nm V/X 107 nm? Ref.
This work 0.6946 335.158
GGA-PBE 0.6948 335.460 [10]
NFP-GGA 0.6918 - [11]
FLAPW-LDA 0.682 - [12]
Expt. 0.6991 - [13]
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NbsCrye.,Si, A BURS B THE S5 BT AHAL,  T45 & fe )
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Fig.2 Occupation of Si atoms X1 and X2 in the crystal cell when

replacing Cr atoms

*x2 SEFXIEX2ETESNUTHERES
Table 2 Total energies of Si atoms X1 and X2 at different

sites

Site 1 Site 2 Site 3

Distance/nm 0.2456 0.4254 0.4912

Energy/eV ~ -47178.1162 -47178.327 1 -47 178.215 4

18453 5°M-51 897.977 3. -49 538.395 3., -47 178.116 2.
-44 817.844 7. —42 457.974 1. —40 098.097 5 eV. 4i
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Fig.3 Formation enthalpy and binding energy of NbCr, as a

function of Si content
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Fig.4 Relationship between the cell volume of NbCr; and Si

content
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Fig.5 Atomic free volume and fracture toughness[G] of NbCr; as

a function of Si content
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Fig.6  Electronic densities of states of NbgCrys..Sic(x=0~5) crystal with different Si contents: (a) NbCr, matrix, (b) 4.17at%, (c) 8.33at%,
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Effect of S Alloying on Stability and Fracture Toughness of C15 NbCr,
L aves Phase: First-Principles Study

Huang Haitang', Li Guifa', Xiao Xuan', Lu Shigiang', Peng Ping’
(1. Nanchang Hangkong University, Nanchang 330063, China)
(2. Hunan University, Changsha 410082, China)

Abstract: Based on the first-principles calculation method, the effects of Si alloying on the stability and fracture toughness of the C15
NbCr; Laves phase were studied by calculating the enthalpy of formation, binding energy, atomic free volume and electronic structure. The
site occupation energy indicates that Si tends to occupy the Cr site. The calculation of formation enthalpy and binding energy shows that
the formation ability and stability of the NbgCrjs.,Si.(x=0~5) phase are enhanced with the increase of Si content and maintain a linear
correlation with Si content. The atomic free volume calculation shows that the atomic free volume of the NbgCrj.,Si, phase is higher than
that of the NbCr; matrix phase, and the atomic free volume reaches the maximum when the content of Si is 8.33at% (NbsCr;4Si,), that is,
the fracture toughness is the best. The electronic structure calculation shows that Si alloying makes the DOS curve shift to the right and the
Fermi level approaches to the pseudo-energy gap, which stabilizes the NbCr, matrix phase. Meanwhile, all the bonding peaks decrease and
widen, which weakens the bonding strength of Nb-Cr atoms and makes the shear deformation easy to carry out, thus improving the
toughness.

Key words: NbCr, Laves phase; fracture toughness; first principle; electronic structure
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