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Elastic stability of face-centered cubic Fe-Cu random solid solution
alloys based on special quasirandom structure model

WEN Yu-feng, SUN Jian, HUANG Jian

(School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The first-principles method based on projector augmented wave pseudo-potential and generalized gradient
approximation was employed to calculate the ground state properties, elastic constants and electronic structure of
face-centered cubic (FCC) Fe and Fe-Cu random solid solution alloys with Cu contents of 25%, 37.5% and 50% (mole
fraction). The special quasirandom structure (SQS) models were selected as the computational models for FCC Fe-Cu
random solid solution alloys. The calculated total energies show that a nonmagnetic, a low ferromagnetic and a high
ferromagnetic state are obtained in the FCC Fe, whereas a nonmagnetic state and a high ferromagnetic state exist in the
ferromagnetic FCC Fe-Cu random solid solution alloys. The high ferromagnetic FCC Fe does not satisfy Born’s criterion
of elastic stability. The elastic stability of ferromagnetic FCC Fe-Cu random solid solution alloys increases with
increasing the Cu content. When the Cu content is not less than 37.5%(mole fraction), the ferromagnetic FCC Fe-Cu
random solid solution alloys satisfy Born’s criterion of elastic stability, and can exist as the metastable phases.
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Fig. 1 Special quasirandom structure models of FCC structured Fe,4,Cug (a), FeyCui, (b) and Fe sCuys (¢) random alloys (White

and black balls correspond to Fe and Cu atoms, respectively)
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Fig. 2 Relationship between total energy (E,,) and lattice constant (¢) of FCC Fe and Fe-Cu random solid solution alloys: (a) Fe; (b)

Fey4Cusg; (¢) FexCuyy; (d) FeisCuyg
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Table 1 Lattice constant (a,), bulk modulus (B,), mixing energy (£,;) and magnetic moment (M) of FCC Fe and Fe-Cu random alloys

Crystal ayA By/GPa Epin/(KJ'mol ) MJ(10*JT "atom ')
NM Fe 3.447
3.44817 3 45018 281071 294[18]
LM Fe 3.460 5.84
3.46417 16117 5.5707
HM Fe 3.633 23.74
3.632071 3 64018 16817 191018 23.56!17
FM Fe,,Cug 3.622 2.72 17.53
FM Fe,Cuys 3.621 4.64 14.65
FM FemCum 3.627 6.14 11.87
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Table 2 Elastic constants of FCC high ferromagnetic Fe and

ferromagnetic Fe-Cu random solid solution alloys

Crystal Cu/ Ci/ Cu (Cu—Cro)/
GPa GPa GPa GPa
HM Fe 21.32 24328  -33.16  —221.96
FM Fe,,Cug  141.88 162.82 60.66 —20.94
FM FeyCuy,  167.17 143.97 75.22 23.20
FM Fe;Cu;s  170.77 134.92 86.52 35.85
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Fig. 3 Total density of states (TDOS) of FCC high ferromagnetic Fe and ferromagnetic Fe-Cu random alloys: (a) HM Fe;

(b) Fex4Cus; (¢) FeyoCuyy; (d) Fe6Cuye
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