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Fe-Al Al2] 3571 3RS ¥ WLs VXAl 312004
E A= vk g iAol eeb, dAlse] 744
o] Agste] de] A= UTH1]. oef B2 T2 542
2 I8 AsAt 9 ST AGY Al e 28 A
2AE S8S ZIstal doh2] 2Euh ikl el

S FAZ A-Ee 2 A AT 200X AP
7} EEEAAA Yel= W38 = A (creep resistance)©|
Solth= Ao|th3,4]. Fe-Al A2 /9] UAS ks
B, 4233} (hydrogen embrittlement), <$]737d Al (anti-
phase boundary; APB)2} €] (dislocation)2] &2k A
3} (intergranular fracture), 12]31 w9~ w2 APB <UA|
of 7IQIgk 7/l A 7 & 4 U4, 5] 12]AL Fe-
Al 53 e dA-FA Aol E(ductile-brittle
transition temperature; DBTT)= ©F 350~450°C|™, ©] DBTT
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W3 0] 2 (density functional theory; DFT)S- ©]-83F o
S oM duby o7 IR (ferromagnetic; FM) Bl S
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(antiferromagnetism), “JAMd (paramagnetism)®] A2 TR 2=
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(a) B2 FeAl

(b) L1, Fe,Al

(c) DO, Fe Al

Fig. 1. Computational models for (a) B2 FeAl, (b) L1, Fe;Al and (c)
DO0; Fe;Al. The Fe (Al) atoms are represented by black and grey
(white) spheres, respectively.
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Table I. Calculated equilibrium lattice constant (in A), formation
enthalpy (AH, in meV/atom), atomic volume (o, in A%), and bulk
modulus (By, in GPa) for Fe-Al ordered compounds.

Magnetic Lattice

System state constant Al ®o By

NM 2871 2966 1183 179

B2 FeAl M 2877 3410 1191 175

NM 3553 +1666 1121 216

L1, FeAl M 3654 —172.1 1220 167
+

Do, Feal M 5.623 546 1111 228

FM 5.742 -1884 11.83 171

Iv. 41 ¥ 9|

Table 1o ZIXFE NM ZJEle} FM ZdelellAe] 718221
EES JEA) ARbEY et BE AlZEGA FM
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Table II. Calculated spin magnetic moment (in unit of pg) inside
each muffin-tin (MT) sphere for the FM states.

System Fe Al

B2 FeAl 0.771 —-0.031
L1, Fe;Al 2.373 —-0.111
D05 Fe;Al @): 2.409, (11): 1911 —-0.092
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Fig. 2. The calculated atom and orbital projected d-band density of
states (DOS) of Fe atom for (a) B2 FeAl, (b) L1, Fe;Al, (c) (4b), and
(d) (8c¢) site in DO; FeAl for FM state. Fermi energy is set to zero.
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T29| Fe 9A] TRre] ¢, AT AT B 9%
oF 1 eV AN FAdE]o] Thpayo] BT ARA] 7]
ufitol] B2 oA Fed] 23 AZ|EHE0.771 syt o
2 x| vls)] R 22 o2 o AZITH

ve ¢

Fe-Al 557t SI3F=9] A7 Axbrzol| sl AR
st ALLAA] FLAPW #PES E3le] DFT W<
GGA 3PllA 731300t Fe-Al A9l 32 F U3
B2, L1, & DO0; 70| thelx A g9 Aret AR+
ZE AR, B FEo4 NM AJE Btk FM JEl7F
oFget Aoz AXKEITE FM AElolA Fe 9Ake] 29 =}
Z|IEHEE B2, L1, =X 22 0771 pe, 2373 pge
FHe AL, DO; FERANME Fe(l) © Fe(ll) YA 242t
2409 pg, 1911 ppo] 7S ATk 22 S 28= L9}
DO; 729 Fe;AlS] 722 S ZARE] S8t AHE
AXRIFIAL, 1 A3 Do; 27T U eEgE o g Aateo] A
A=A Ao} 2 IRt AP 24 FYAdE olsfist
7] $18le] PR} ARERE Fole] AT SR
B2 7= gk 2713 71AVEE A8 47 SEsike o
B2 A7t desithar AZE

HAle| =2
B dAve I3 J7 g4l 2203 9 2009d% HE

@S |ER)e] AdeF SHATAGe] 7|Z2ATAY
(No. 2009-0088216) A4S Wo} 48] =|S]T}.

o

3=217)83) %] A21A 23, 20113 42

Hnes

[1] C. G McKamey, J. H. DeVan, P. F. Tortorelli, and V. K. Sikka,
J. Mater. Res. 6, 1779 (1991).

[2] R. L. Fleischer, J. Mater. Sci. 22, 2281 (1987).

[3] Y. D. Huang, W. Y. Yang, and Z. Q. Sun, J. Mater. Sci. Lett. 17,
1781 (1998).

[4] N. S. Stoloff and C. T. Liu, Intermetallics 2, 75 (1994).

[5] W. C. Luu and J. K. Wu, Mater. Chem. Phys. 70, 236 (2001).

[6] M. Palm, Intermetallics 13, 1286 (2005).

[7] K. Miyatani and S. lida, J. Phys. Soc. Jpn. 25, 1008 (1968).

[8] B. I. Min, T. Oguchi, H. J. F. Jansen, and A. J. Freeman, J.
Magn. Magn. Mater. 54-57, 1091 (1986).

[9] V. L. Moruzzi and P. M. Marcus, Phys. Rev. B 47, 7878
(1993).

[10] J. Bogner, W. Steiner, M. Reissner, P. Mohn, P. Blaha, K.
Schwarz, R. Krachler, H. Ipser, and B. Sepiol, Phys. Rev. B 58,
14922 (1998).

[11] F. Lechermann, F. Welsch, C. Elsésser, C. Ederer, M. Fihnle, J.
M. Sanchez, and B. Meyer, Phys. Rev. B 65, 132104 (2002).

[12] P. Mohn, C. Persson, P. Blaha, K. Schwarz, P. Novak, and H.
Eschrig, Phys. Rev. Lett. 87, 196401 (2001).

[13] S.J. Pickart and R. Nathans, Phys. Rev. 123, 1163 (1961).

[14] A. Kellou, T. Grosdidier, J. M. Raulot, and H. Aourag, Phys.
Stat. Sol. (b) 245, 750 (2008).

[15] J. P. Perdew, K. Burke, and M. Emzerhof, Phys. Rev. Lett. 77,
3865 (1996); ibid. 78, 1396(E) (1997).

[16] E. Wimmer, H. Krakauer, M. Weinert, and A. J. Freeman,
Phys. Rev. B 24, 864 (1981), and references therein; M. Wein-
ert, E. Wimmer, and A. J. Freeman, ibid. 26, 4571 (1982).

165 (2009).

[21] W. S. Yun, S. C. Hong, J. I. Lee, and C. Hwang, J. Korean
Phys. Soc. 56, 1472 (2010).

[22] S.-W. Seo, Y. Y. Song, G. Rahman, I. G. Kim, M. Weinert, and
A. J. Freeman, J. Magnetics 14, 137 (2009).

[23] W. Kohn and L. J. Sham, Phys. Rev. 140, A1133 (1965).

[24] H. J. Monkhorst and J. D. Pack, Phys. Rev. B 13, 5188 (1976).

[24] J.-H. Lee, T. Shishidou, and A. J. Freeman, Phys. Rev. B 66,
233102 (2002).

[26] M. Weinert, G. Schneider, R. Podlucky, and J. Redinger, J.
Phys.: Condens. Matter 21, 084201 (2009).

[27] P. Vinett, J. H. Rose, J. Ferrante, and J. R. Smith, J. Phys.: Con-
dens. Matter 1, 1941 (1989).

[28] W. B. Person, A Handbook of Lattice Spacings and Structures
of Metals and Alloys, Pergamon, Oxford (1958).

[29] W.S. Yun, G-B. Cha, and S. C. Hong, J. Magnetics 13, 144 (2008).

[30] F. Lechermann, M. Fihnle, B. Meyer, and C. Elsdsser, Phys.
Rev. B 69, 165116 (2004).



KATR=ED> Fe-Al Holg<: sighee] AMdat A7) Judol tigh el - 94 - Q7] —47 -

Density Functional Study on Correlation between Magnetism
and Crystal Structure of Fe-Al Transition Metal Compounds

Won Seok Yun and In Gee Kim*
Graduate Institute of Ferrous Technology, Pohang University of Science and Technology, Pohang 790-784, Korea

(Received 25 March 2011, Received in final form 18 April 2011, Accepted 18 April 2011)

It is known that the Fe-Al transition metal compounds have a lot of disagreement about structural stability and magnetism. In this
study, the correlation between magnetism and atomic structure of ordered B,, L1,, and DO0; structured Fe-Al compounds has been
investigated using the all-electron full-potential linearized augmented plane wave (FLAPW) method based on the generalized gradient
approximation (GGA). We found that considered all the structures were calculated to be stabilized in a ferromagnetic state. The
calculated spin magnetic moments of the Fe atoms for B2 and L1, structures were 0.771 and 2.373 pj, respectively, and that of Fe(I)
and Fe(Il) in D05 structure calculated to be 2.409 pp, 1.911 pp, respectively. In order to investigate structural stability between L1, and
DO; structures, we performed the formation enthalpy calculations. As a result, the D05 structure is found to be more favorable than L1,
one by energy difference 16 meV/atom, which is well consistent with the experimental observation. We understood about structural
stability and magnetism for Fe-Al compounds in terms of analysis of their atomic and electronic structures.

Keywords : FeAl intermetallic, first-principles, magnetism, crystal structure, electronic structure
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