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Table 1 Composition of NiCrAlFe precision resistance alloy
and electronic structure of the elements
Element Ni Cr Al Fe
Content/at% 69.79 21.21 6.54 247
Outer layer electron configuration 3d®4s® 3d°4s' 3s*3p' 3d%s?

B 1 AN IR A 2 R A Y
Fig.1 Structure models of Ni unit cell (a), RSS (b), Ni3Al (c), NisCr (d), Niz(AlCrFe) (e), and Niz(CrAlFe) (f) superlattice
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Table 2 Cohesive energy and total energy of the superlattices

Cohesive energy, Total energy,

Superlattice E.on/eV-atom™ E/eV
RSS 137.1501 —42 998.96
NizAl -8.7256 -33 661.40
Ni;Cr -9.9985 -51969.08

Nis;(AlCrFe) -9.8127 —48 114.80

Nis;(CrAlFe) —9.8583 —48 113.19
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Fig.2 Partial and total electronic density of states of different superlattices: (a) RSS, (b) Nis;(AlCrFe), and (c¢) Ni3(CrAlFe)
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Table 3 Lattice parameters and volume of the superlattices

Superlattice a/nm b/nm c¢/nm V/nm’
Ni3(AlCrFe) 0.721 0.705 0.705  0.35778
Nis;(CrAlFe) 0.717 0.708 0.716  0.363 03

Measured value of
L1,-type ordered 0.713 0.713 0.713 0.362 77
structure
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ZER T H I BRI . sk i &I s R,
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WX R E LML FPERE.
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Fig.3 HRTEM images (a, c) and FFT patterns (b, d) of as-solutioned (a, b) and as-aged (c, d) samples
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L1,-Type Ordered Structures in NiCrAlFe Precision Resistance Alloy

Huang Shudong', Wang Yong', Yang Xianjun®, Xu Yonghong®
(1. College of Materials Science & Engineering, International Joint Laboratory for Light Alloys,
Ministry of Education, Chongqing University, Chongqing 400044, China)
(2. Chonggqing Chuanyi Metallic Functional Materials Co., Ltd, Chongqing 400702, China)

Abstract: Using the first-principles pseudopotential plane-wave method, the binding energies, density of states and lattice constants of a
NiCrAlFe precision resistance alloy were calculated based on the disordered solid solution and Ll,-type ordered structures. The
microstructure of the alloy was analyzed by high-resolution transmission electron microscope (HRTEM). Also, the electrical resistance of
the alloy was measured after solid-solution and aging treatment. From the binding energy point of view, the L1,-type ordered structure is
more stable than the disordered solid solution structure. The calculation results of density of states and partial density of states show that in
the L1,-type ordered structure, Ni, Cr, Al and Fe atoms bond with each other more strongly than they do in the disordered solid solution
structure. Thus the stability of the alloy is improved. In fact, L1,-type ordered structure is revealed by HRTEM in the as-aged alloy, and its
lattice parameters are close to the calculated results. According to the comparison of density of states at the Fermi level of different
structures, the electrical conductivity of the alloy decreases due to the formation of L1,-type ordered structure compared with that of the
disordered solid solution structure, which is consistent with the experimental results.
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