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Abstract ; The development of information communication and military electronics technology puts forward higher
and higher requirements on the high — temperature magnetism of magnetic materials, and it is of great signifi-
cance to study the magnetic materials that work efficiently and stably in high — temperature environments. In this
paper, the effects of Fe, Co ratio and rare earth elements (Gd, Th, Dy) doping on the crystal structure, mag-
netic exchange constant and high — temperature magnetism of FeCo alloys are investigated by combining the first
nature principle and Monte Carlo method. The results show that the crystal structure of the alloy changes from
body — centered cubic to simple and face — centered cubic with the increase of Co content. When the Co content
is 50% , the Fe — Co bond length is the shortest, and the nearest — neighbor magnetic exchange constant is in-
creased from 18. 05 meV to 30. 03 meV, which increases the Curie temperature of FeCo to 1580 K, and results
in an increase of 60% in Curie temperature compared with that of Fe. After doping rare earth elements into the

FeCo system, it is found that the doping of 3. 125% FEr, Dy, and Tb content increases the Curie temperature of
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FeCo by 60 K, 45 K, and 20 K, respectively, and the electronic configuration reconstruction leads to a strong

exchange between rare earth elements and Fe and Co, which is the main reason for the Curie temperature in-

crease.

Key words: High temperature magnetism; First principle; Monte Carlo; Magnetic exchange constant
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Fig. 1 4 x4 x1 supercell structure of FeCo: (a) over-

all; (b) vertical view
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Table 1  Crystal structure, lattice parameters and atomic coordinates of Fe, _ Co,
Materials Structures Lattice constants/ A Cell volumes/A? Bond lengths/ A Atom coordinates
Fe Im3m a=b=c=2.840 22.906 Fe - Fe: 2.482 Fe: 2a, (0, 0, 0)
L Fe: lc, (0.5, 0.5, 0)
Fe; Co P4/mmm 4 _52_240233 46.221 Fe — Co: 2.504 Fe: 2e, (0, 0.5, 0.5)
== Co: 3¢, (0, 0, 0)
) S - y Fe: la, (0, 0, 0)
FeCo Pmdm a=b=c=2.843 22.990 Fe - Co: 2.459 Cor 30, (0.5.0.5, 0.5)
. - Fe: la, (0, 0, 0)
FeC =b=c= > —Co: 2. ’ *
eCoy Pm3m a=b=c=3.542 44.430 Fe - Co; 2.853 M R P
Co Fm3m a=b=c=3.521 43.651 Co—-Co: 2.484 Co: 4a, (0, 0, 0)
F2 Fe,_ Co KLEMIFIXTRER 4 Fe,_ Co, MBEAHHEL
Table 2 Relative energy of Fe, _ Co, Table 4 Magnetic exchange constant of Fe, _ Co,
. . Formation J;;/meV
Materials Total energies( meV/atom) energies( meV,/atom) Fe, _,Co,
Fe - Fe Co - Co Fe - Co
Fe -7.449 0
. J, =18.05
Fe; Co -7.491 -0.042 = J, =7.66 - -
FeCo -7.504 —-0.055 x=0.25 27.84 26.77 32.54
FeCo, -7.420 0.029 x=0.5 30.03 25.85 32.76
Co -17.451 0. 002 x=0.75 28.20 22.98 30. 55
J, =18.64
%3 Fe,_ Co, M V-4 50 AR T W 5 v=1 J, =9.09

Table 3  Total average magnetic moments and magnetic mo-
ments of each atom in Fe,_ Co,
M/ B+ atom ™!
Fe, _,Co,
Total Fe Co
x=0 2.702 2.702 -
x=0.25 2.582 2. 862 1. 740
x=0.5 2.496 3.108 1. 883
x=0.75 2.189 2.925 1. 830
x=1 1.978 - 1.978

FEAE RIS S i & R 2 T, IE(E T &
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AT S FM J5 A PAT . AP 4l
JRFRER ORI T AT AR B . AR
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I, Fe - Fe Z [ Sl & 8 £0H Bl n, I
7E x = 0.5 B, B FeCo W4 & K&, A 30.03
meV, itk Co NN Fe th2:{#i75 Co — Co 2 [H] {1
SCHAE RG], #E x =0.25 Bf, Co 5 Co ZIAfHY
LA G E R B KA, h 26.77 meV. X
A 3 1 s il 4 4 41 4 m] LA Fe, _, Co, B 28 ek
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M s ERL YR
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Fig. 2 Average magnetic moment — temperature curves and Curie temperatures of Fe, _ Co, >’
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0T BB 0N, TR D ) P R S8 e PT343
6 Jy FeCo B A Tb, Dy, Er i1 iR+ Ri K,
BEEM L ITEMBA, KR Fe STLEHM Co LH
(AR DR, Ho s T R Rt KN KB
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#7 Fy FeCo £ A Th, Dy, Er iH5 T 1R#55C
Wew B, WRPET RS R LUE B e bR TR 1)
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Table 5 Crystal structure of FeCoRE(RE =Tb, Dy, Er)

Lattice Cell Bond

Materials ~ Structures A A
aterials  Structures constants/A  volumes/A®  lengths/A

FeCo Pm.’; m a@=b=c¢=2.843 22.990 Fe-Co: 2.459
FeigCoisTh  p3, a=b=c=2.859 23.369 Fe-Co: 2.441
FeigCoisDy  pu3m @=b=c=2.853 23.222 Fe-Co: 2.448

FeigCosBr  p3, a=b=c=2.865 23.517 Fe-Co: 2.438

2¢6 FeCoRE(RE =Tb, Dy, Er) R 7%
Table 6 Magnetic moments of each atom of FeCoRE (RE =

Tb, Dy, Er)
M/ B+ atom -l
FeCoRE

Fe Co RE

FeCo 3. 108 1. 883 -
Fe,sCo;sTh 3.062 1.842 0. 151
Fe s Co,5s Dy 3.047 1. 815 0.237
Fe,sCosEr 3.031 1. 833 0. 381

%7 FeCoRE(RE =Th, Dy, Er){REAcH %%
Table 7 Magnetic exchange constant of FeCoRE (RE =Tb,
Dy, Er)

J i / meV
FeCoRE

Fe-Fe Co-Co Fe-Co Fe-RE Co-RE

FeisCosTh  28.36  25.25  29.88  28.22  29.14
FesCosDy  28.77  24.36  30.55 28.36  29.56

FeisCojsEr 28,64 25.82 29. 64 25. 66 26.34

A A PR T R el U1

K 3 N FeCo 541 A Th, Dy. Er JLZ )P
WiwisE - < . B A LLAE S, W booR
B A B s BOR DR e m, SRR
BRI R Er . Dy, Th, 2744505124 60 K, 45
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