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Abstract: The lattice parameter, local magnetic moment and the relative stability of ferromagnetic bec
and antiferromagnetic fcc phases structure of Fe;; T, (T=Cr,Mn,Co,Ni) alloys were studied by first
principles method based on density functional theory. The results show that the dependence of lattice
parameters and bulk modulus on the d shell electron number of dopant elements cannot be simply
explained by the d band filling image. This fact suggests that there is a strong magneto-structural
coupling effect in FeT alloys. For FeT alloys, the ferromagnetic bee phase is more stable compared
with the fcc phase. The antiferromagnetic phase is tetragonal with ¢/a ratio about 1. 07, and this

phase structure can be a metastable state. The change of lattice structure leads to redistribution of

electrons, and thus results in different magnetic order and local magnetic moment.
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Fig. 1 Structure diagrams of Fes; T; (T=Cr, Mn, Co, Ni) binary alloys (a)bcc phase; (b){cc phase
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Fig. 2 Equilibrium parameters of Fes, T, (T=Cr,
Mn, Fe,Co,Ni) binary alloys
(a)bee phase; (b) fee phase; (¢) relationship between

c/a and V of the fcc phase
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Table 1 Atomic volume, bulk modulus and average

atomic energy difference between bee and fec phases

of Fes; T, binary alloys

Alloy  Vie/nm? By./GPa  Vi./nm?® By../GPa AE/meV
Fe 0.01137 177. 60 0.01075 211. 85 90. 86
FeCr 0.01144 183. 20 0. 01080 214. 33 95.93
FeMn 0.01134 179.15 0.01079 212.58 105. 22
FeCo 0.01139 188. 69 0.01077 210. 68 80. 96
FeNi  0.01148 176.63 0.01080 212. 36 94.59
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Fig.3 Average atomic magnetic moment of Fe;, T, (T=Cr,Mn,Fe,Co,Ni) binary alloy

(a)bee phase; (b)fce phase; (¢)dopant T atoms in bee phase; (d)dopant T atoms in fee phase
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Fig. 4 Total density of states of Fes; T; (T=Cr,Mn,Co,Ni) binary alloys (a)bcc phase;(b)fcc phase



152 R TR

2019 4F 3 A

T 61N 1 B 43 A JL T2 58 X RR Y L B R Y
IR R X5 W A VA TS R R R R —
HH . XL bee M fee 454 Fe MM FAHE A LA
i bee 2549 B E R T 0 LE S OK I LR AT B AR 1Y
DOS i, 43 M AE — 1, — 2. 5V fl— 3. 5eV &b, i
FHEW TIPSOk L 2 2eV b — 5
(78 A0 . fee 25 1 1 245 %5 B2 O3 W] 1 iy DOS 1
VLIS R EAE R e X N i3, B 4 h
bee A1 45 ¥4 78 3 K 1 Ak (1 B S % 2 55eV L i fee

SER AL foc MALEAARXT AR E .l T R 25 4 i e 1k
ACJER Hb AR 51 2 K B S B ST 1 R S A o A T SR Ak
R 2 K i G B ST A7 AE 2 B0 B0 P T A R e, DA &R
A A v B A R RS TS BRUE L T 24 2 oK T 2 A A PR
SRR B, R R MR . WA E R BB AR
Fe:, T, 54 A .48 Fe i bee Ml fee AH &5 (1Y X L
FRHEB IR RS T F oK

HEFUULEHE B 4@ 4 e 4 Fe, T, 54
i) DOS 5 bee Fe i DOS #t47 T % e . FeCr & 419 H
JiE ] b 1) 71 7 2K AL ) DOS A8 /N, g 1l IRRE 7
R 5l I BAE KM LA B2 0. 8eV Ab Bl — 428 25
Mg, Ptk N DOS & % T, A & Cr 48 4% bee-
Fes, TR Z 2R (. 38 i JE Ly v i, e il &
H FeNi fil FeCo & R AK SR PR HF bee MM E . Mn
B IE OUA BRI 78 F oK B IR 19 DOS 2815380k
W FEEE —0. 2eV AR LT 1 AN/, B0 R R n] B
X A% T A8 1) A X RRUE M S A ES (5 Fe XF HO . B
4(b)H,fec M1 Cr,Mn 8 A B & & 6 2 K 1 AL (14 A TiE
Wl b N AR EE Y S 48 Fe AT, U HIAE fec
#H FeCr,FeMn & 4 1k KR ORHF fec MR EME (S
Fe Xf ). Co. Ni 8 AW & 4 78 2 K W Ak 19 B JE 1)
N DOS EHAR T fee Fe, LHE Ni B4 & 41k
Z 2 KR BE YW 2 DOS &L B Co. Ni B 42
A TAE Fe B R ME fec FHZEH .

3 #ig

(1)Fe;, T, (T=Cr,Mn,Co, Ni)7E bee,fcc FHZEH
A AR L @ 5% e FREE R B (AR AL IT AN & B
BAon R d P 0 R S 4k RS BE R PR M E 2
dig ARG R WLESE T 548 Fe a4
b By B iR B - 25 R R 280

(2)Fe;, T, (T=Cr,Mn, Co,Ni) &4 bee #
fec AHF- 3 i fig 5 22 (A ¥ TE 90meV Fff 3 . Ui B 75 21
S¥5H 3. 7% I, Fes, T, (T=Cr, Mn, Co, N & 4 1

bee L fee MFRE . SCERHERY fee 540 — & MM )y
PE O P T 2549 (c/a WAEZ9 R 1. 07) (1 fet AHJE —4

(32 FhtHZE# (bees fec) Fes, T, B4 B0 &
T By R A W5 A 22 51 o Ud WY & A 45 40 ) A2 T i SR
B R o A, T BOA R RE PR AE Y R S8 R

G
£ % 3k

[1] TSYMBAL E Y. Spintronics: electric toggling of magnets []J].
Nature Materials,2011,11(1):12-14.

[2] GERHARD L, YAMADA T K, BALASHOV T, et al
Magnetoelectric coupling at metal surfaces [ ] ]. Nature
Nanotechnology,2010,5(11) :792-797.

[3] GERHARD L,WESSELINK R,OSTANIN S,et al. Dynamics of
electrically driven martensitic phase transitions in Fe nanoislands
[J]. Physical Review Letters,2013,111:167601.

(4] BIWR. &8 _JCRMEFPIMI F8H 5 3% bt ¥ T
Ak R AL, 2008:408-597.

TIJIAKUIIEB H. The phase diagrams of metallic binary systems
[M]. Translated by GUO Q W. Beijing: Chemical Industry
Press,2008:408-597.

[5] MEDVEDEVA NI,VAN A D.MEDVEDEVA J E. The effect of
carbon distribution on the manganese magnetic moment in bee Fe-
Mn alloy[J]. Journal of Physics Condensed Matter, 2011, 23
326003.

[6] FOY E,ANDRIEU S,FINAZZI M,et al. Magnetic instabilities in
fee Fe,Nij—, thin film[J]. Physical Review B,2003,68:094414.

[7] LIXY,KONG L T,LIU B X. Enhanced magnetic moment of Fe
in fce-structured Fe-Ag and Fe-Au alloys synthesized by ion-beam
manipulation[ J]. Physical Review B,2005,72:054118.

[8] GEBHARDT T,MUSIC D,EKHOLM M,et al. The influence of
additions of Al and Si on the lattice stability of fcc and hep Fe-Mn
random alloys[J]. Journal of Physics Condensed Matter, 2011,
23:246003-246009.

(9] FFEG77.5edtis R EE. Ti.Nb Fl W & 4 5k {0 26 2k A R 4
AR R AT AT L. BB TR 2016, 44(5)  22-28.

QIAOR F.BI H Y,CHEN Y X. Precipitation behavior of (Ti,
Nb, W)-modified ferritic stainless steel during high-temperature
aging[ ]]. Journal of Materials Engineering,2016,44(5) :22-28.
(10T DEJA At 3K X AIE & o 55 AR & AL BT AR 0 22 05 0. B4kt
T.#%,2016,44(7) . 37-42.
PANG Q H, TANG D, ZHAO Z Z, et al. Thermodynamic
analysis on precipitated phases in low activation steel [ ] ].
Journal of Materials Engineering,2016,44(7) :37-42.
L1100 P 224505 B8 DN . 46, T 7 J 4% 5t 512 36 X iR £ 25Cr35Ni
TR S ) L RE AT AG LT ). AHR AR, 2017,45(8) :96-101.
XU J, LI H F, CHENG C Q, et al. High temperature
performance evaluation of as-serviced 25Cr35Ni type heat-
resistant steel based on stress relaxation tests[J]. Journal of
Materials Engineering,2017,45(8) :96-101.
[12] OKATOV S V,KUZNETSOV A R, GORNOSTYREVYU N,



AT E B3 Fes, T, (T=Cr,Mn,Co,ND & 4 bee 5 fec #HEE ¥4 1945 — P LA 9% 153

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

et al. Effect of magnetic state on the gamma-alpha transition in
iron: first-principle calculations of the Bain transformation path
[J]. Physical Review B,2009,79:094111.

MIRZOEV A, YALALOV M, MIRZAEV D A. Energy of
mixing and magnetic state of components of Fe-Mn alloys: a
first-principles calculation for the ground state[ J]. Physics of
Metals & Metallography,2006,101:341-348.

GLAUBITZ B, BUSCHHORN S, BRUSSING F, et al
Development of magnetic moments in Fe;—, Ni, alloys [ ] ].
Journal of Physics Condensed Matter,2011,23.:254110.
ORTIZ-CHI F,AGUAYO A,De COSS R. Effects of Co doping
on the metamagnetic states of the ferromagnetic fcc Fe-Co alloy
[J]. Journal of Physics Condensed Matter, 2013, 25; 026001-
026009.

WANG W Y,SHANG S L, WANG Y,et al. Lattice distortion
induced anomalous ferromagnetism and electronic structure in
FCC Fe and Fe-TM (TM = Cr, Ni, Ta and Zr) alloys[]J].
Materials Chemistry &. Physics,2015,162;748-756.
HOHENBERG P, KOHN W. Inhomogeneous electron gas[]].
Physical Review B,1965,136:864.

KOHN W, SHAM L ]J. Self-consistent equations including
exchange and correlation effects[J]. Physical Review A, 1965,
40 1133-1138.

KRESSE G, HANFNER ]J. Ab initio molecular dynamics of
liquid metals[J]. Physical Review B,1993,47.558.

PERDEW J P,BURKE K.ERNZERHOF M. Errata:generalized
gradient approximation made simple [ J ]. Physical Review
Letters.1996,77.:3865-3868.

BLOCHL P E. Projector augmented-wave method[J]. Physical
Review B.1994,50(24) :17953-17979.

MONKHORST H J,PACK J D. On special points for Brillouin
zone integrations[ J]. Physical Review B,1976,13:5188-5192.
MURNAGHAN F D. The compressibility of media under

extreme pressures[ ] ]. Proceedings of the National Academy of

Science of the United States of America,1944,30(9) :244-247.

[24] ZHANG H L, PUNKKINEN M P J, JOHANSSON B, et al.
Single-crystal elastic constants of ferromagnetic bee Fe-based
random alloys from first-principles theory[J]. Physical Review
B,2010,81(18):184105.

[257 SODERLIND P, AHUJA R, ERIKSSON O, et al. Crystal
structure and elastic-constant anomalies in the magnetic 3d
transition metals[ J]. Physical Review B, 1994, 50 (9); 5918
5927.

[26] &R, BHEIIML Jbat B2 AL, 2013:65-69.

JIN H M. Magnetic physics[ M]. Beijing: Science Press, 2013
65-69.

[27] JANAK J F,WILLIAMS A R. Ground-state thermomechanical
properties of some cubic elements in the local-density formalism
[J]. Physical Review B,1976,12:1257-1261.

[28] ANTROPOV V P,KATSNELSON M I, Van SCHILFGAARDE
M, et al. Ab initio spin dynamics in magnets [ J ]. Physical
Review Letters,1995,75:729-732.

[29] BOUKHVALOV D W,GORNOSTYREV Y N,KATSNELSON
M I,et al. Magnetism and local distortions near carbon impurity
in gamma-iron[ J]. Physical Review Letters,2007,99:247205.

[30] LINW,XU] H,FREEMAN A ]J. Electronic structure, cohesive
properties, and phase stability of NizV, Co3V, and Fes V[]].
Physical Review B,1992,45.10863-10871.

ESTH:EHEHKR AT H (11464037) 5 521 H 9K B 2% 5 45 15
H (2016MS0113,2017MS0111)

KR EHA:2016-12-30; 81T HH#A:2018-07-16

BIRAEE B H IR 1981 —), 55 342, W10 DA 5 3R A5 38 Jy T 1 WF
98 TAE IR R b b < P9 52 7t 0 05 e ol 3R 3 X 5 35 % 81 5 N Sl U
JLREY I 5 {5 B 2P (010022) , E-mail : nars@imnu. edu. cn

(AL :E &)



