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Table 1 Lattice constants and cell volumes of Cu and y-Fe

Cu y-Fe
Item v/ v/
alA
(Acell ™ (Adcell™
GGA (this work)  3.634 48
GGA!" 3.634  47.99
GGAl'® 3.64 4823
Experiment!'”  3.615 47.24
GGA(this work) 3.447 4095
GGA-PBE™” 3.474 4193
GGA-PW9112! 3.447 -
Experiment!*”) 3.645 48.79
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Table 2 Surface energies of Cu(100) and y-Fe(100)

o/(Jm )
Layer number, n
Cu(100) y-Fe(100)
4 1.45 3.30
6 1.48 3.36
8 1.48 3.37
10 1.47 3.36
12 1.46 3.38
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Fig. 1 Interface structure of Cu(100)/y-Fe(100) (a) and

different sites of alloying atoms in interface region (b)
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Table 3 Calculated substitutional energies for alloying atoms at different sites

Substitutional energy/eV

Element

Size 1 Size 2 Size 3 Size 4 Size 5 Size 6 Size 7 Size 8

B 1.431 1.439 1.751 0.188 0.276 0.663 0.616 0.666
Si —0.240 —0.284 -0.312 —1.165 -1.076 -0.928 —1.099 —-1.052
P 0.107 0.033 0.010 —1.065 —0.954 —0.784 —0.953 -0.915
Al —0.763 -0.777 —0.792 —1.235 —-0.817 -0.414 —0.621 —0.585
Ge 0.084 0.039 0.012 —0.673 —0.384 —0.038 —0.251 —0.235
S 0.635 0.535 0.769 —0.544 0.048 0.696 0.497 0.516
Mg —0.121 —-0.119 —=0.111 0.000 0.685 1.438 1.171 1.177
Ag 0.595 0.602 0.604 0.744 1.564 2.450 2.293 2.258
Cd 0.649 0.648 0.642 0.643 1.536 2.503 2212 2.176
Sn 0.518 0.476 0.459 —0.050 0.573 1.225 0.854 0.862
In 0.503 0.484 0.484 0.255 1.042 1.877 1.538 1.514
Sb 0.878 0.800 0.766 0.063 0.564 1.087 0.740 0.727
Zr 0.536 0.453 0.495 —0.336 0.328 0.966 0.598 0.620
Bi 1.916 1.844 1.818 1.349 2.055 2.863 2.409 2.395

Note: 1-8 represent different substitutional sites in Fig. 1(b). Underlines indicate most favorable sites
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Fig. 2 Lattice misfit and work of adhesion of Cu/y-Fe

interface as a function of solute volume
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Fig. 3 Interfacial energies of Cu/y-Fe interface as a function

of solute volume
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Fig. 4 Difference charge density of Cu/y-Fe interface: (a) Without solute atom; (b) A solute atom Al; (c) A solute atom Si
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First-principles study of effects of alloying elements on
Cu/y-Fe interfacial properties

XU Pei-yao" %, WANG Yu-fei 2, GAO Hai-yan"*?, WANG Jun"*?, SUN Bao-de"**

(1. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Key Lab of Advanced High-temperature Materials and Precision Forming, Shanghai 200240, China;
3. The State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The substitutional energies of alloying atoms at different interface sites were calculated by first-principles
method based on density functional theory, which gives the most favorable sites of alloying atoms. The lattice misfits,
work of adhesion, interfacial energy and electronic structure were calculated to analyze the effects of alloying elements
on Cu/y-Fe interfacial properties. The results show that alloying elements B, Si, P, Al, Zr can improve the stability of
Cu/y-Fe interface by increasing the work of adhesion, while eleven kinds of alloying elements such as B, Si, P etc. reduce
the interfacial energy, which is beneficial to the nucleation of y-Fe. Therefore, B, Si, P, Al, Zr may accelerate the
precipitation and form stable y-Fe phase. The solute volumes of alloying atoms, lattice misfits and charge density
difference explain well on the working mechanisms of the alloying elements.

Key words: Cu/y-Fe interface; first-principles; interfacial energy; work of adhesion
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