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æ^Äu�Ý�¼nØ�1�5�nO��{, ïÄ
Dè�� (La, Ac, Sc Ú Y) �Ü7zé FeAl (B2) kS
7ámzÜÔÜ7¬N(�!�5Ú>f5U�K�. O�(JL²: Dè�� Y ´u�� Fe  ,  Sc, La Ú Ac
´u�� Al  , Ù¥ Ac ���\\¦¬�:
u)���C/. �55U�O�L² La, Ac, Sc Ú Y ���\\
�±Uõ FeAl (B2) ��5, Ù¥ Fe7Al8Sc äk�Ð��5ÚMÝ. Dè��éÜ75U�K�, Ì�´duDè�
f�\\UC
 Fe Ú Al >f�m�,z�^. O�(J�®k�Á�(JÚnØ(J���.

'�c: ��Ý, >f(�, �5~ê, 1�5�n

PACS: 71.20.−b, 71.22+I, 43.35.Cg, 31.15.E−

1 Ú ó

FeAl (B2) kS7ámzÜÔÜ7, duÙ`
É�5U�)$�Ý!$¤�!p|�zÚF¡
5U, ®²¤��«äkmudå�(�á�. 3
,
|Ü, §�±��ØCg�O�¬, !��þ
ÔÑ��XqÚ� [1−3]. �´, FeAl (B2) kS7á
mzÜÔÜ7¿§�5��, 3§Ý�� 600 ◦C
±þ�.�ÚUCrÝü$, ��
Ùó�z
?Ð [4−8].

3'u FeAl (B2) kS7ámzÜÔÜ7�ï
Ä¥, Morris, Skoglund �<uy¿§y5Ì�´
du�yÚå�, �±|^¬âº�[zÚÜ7
z (%Ú') ³���f3Ü7L¡/¤, Ó�³�
Ù�S*Ñ. Ü7��'�\\Ø=�±rz¬.,
��±¦Ü7�ä��ªu)l÷¬ä��B¬
ä��=C [8,9]. �dÓ�, Ü7z���«k��
Ãã, �±Uõ FeAl (B2) kS7ámzÜÔÜ7
��5ÚrÝ!UC5U, �)�Mrz!%zÔ
rz!'zÔrz!7ámÛÑ�rz [10−14]. D
è��äkL¡¹�¿�±wÍUõá���5,

\\ 5%� Ce ���±¦Ü7�Ø �5l 9%J
p� 14.8%[15]. ,, C
céu FeAl(B2) 7á
mzÜÔÜ7Dè���Ü7z�ïÄ��©k
�, cÙéDè��UõÜ7�5�*Ån�ï
Ä���. Ïd, �ïÄ�8�3u|^1�5�
nO���{O� FeAl (B2) kS7ámzÜÔÜ
7 La, Ac, Sc Ú Y ���Ü7z�¬N(�½
5!�55UÚ>f(�, l(½Dè��3Ü
7¥�E,�A.

2 O��{

1�5�nO�æ^Äu�Ý�¼� Cam-
bridge Serial Total Energy Package (CASTEP) ^�,
�Ä generalized gradient approximation(GGA) Cq,
ÀJ 2 × 2 × 2 �¬� [16,17]. ²¡Å�äU� 350
eV, �±v
��Âñ. Å¼ê|^ Monkhorst-
Pack �{ïá3 8 × 8 × 8k �þ. 3O��5~
êÚ>f(��, ¬�`zæ^�Âñ�â�U
þ 5.0 × 10−6 eV/atom, ���� 5.0 × 10−4/ÅÚ
��Aå 0.01 eV/Å. n� FeAl(B2) �N%á�(
�, ¤á�m+� pm3̄m. é FeAl(B2) ?1�,D
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è���, FeAl-Re 16 ��f��¬�Xã 1 ¤
«. �¥% � Fe �f�Dè�fO��, �¬�
� Fe7Al8X; � Al �f�Dè�fO��, �¬�
� Fe8Al7X.

ã 1 Dè�, Fe8Al8 16 ��f�¬�(�

3 (J�?Ø

3.1 La, Ac, Sc ÚÚÚ Y ééé(((���½½½���KKK���

3ïÄDè��Ü7z�A�c, Äk(½D
è�f3 Fe8Al8 ¥�(�½5. Äké��,
Ú�,Dè���� Fe8Al8 ?1(�`z, ^/
¤óÚ��/¤ó5�½Ü7±9Ü7�f��
 ��½5. Fe-Al-X /¤óXeª:

∆H(FeAlX) =Etotal(FeAlX) − Etotal(Fe)

− Etotal(Al) − Etotal(X), (1)

Ù ¥ Etotal(FeAlX), Etotal(Fe), Etotal (Al)
Ú Etotal(X) ©O� Fe-Al-X, Fe, Al, ÚÜ7�f X
�oNUþ.

��/¤ó�:

Esite = EFe − EAl, (2)

Ù¥ EFe Ú EAl ©O� Fe7Al8X Ú Fe8Al7X ü«
���ª�/¤ó. � Esite < 0 �, Ü7�f´u
�� Fe �f; � Esite > 0 �, Al  �Ü7�f
Óâ.

L 1 �ØÓ����e FeAl ��oUþ!/
¤óÚ�� �/¤ó. l(J¥�±wÑ, /¤
ó�$�� Fe8Al7Ac. �´, ·��uy/¤ó�
CzØ�3²w�5Æ5. l�� �/¤ó(J
¥�±wÑ, Y ´u�� Fe  ,  Sc, La Ú Ac ´u
�� Al  . ��/¤ó�XÜ7�f��fSê
O\ÅìO\, L² Ac �� Al  �(��\
½. Ïd, 3e¡�O�¥¦^ Fe7Al8Y, Fe8Al7La,
Fe8Al7Ac, Fe7Al8Sc �..

3.2 :::


~~~êêê

é Fe7Al8Y, Fe8Al7La, Fe8Al7Ac, Fe7Al8Sc �
.�¬�(�?1AÛ`zO�, ���Uþ��
�$��:
~ê. L 2 �¹kDè���¬�
�:
~ê. l(J¥�±wÑ, Fe8Al8 ²ï:

~ê�O��� 5.76 Å, Ñ�uÁ�(J [18]. �
\\DèÜ7���, uy:
~êkØÓ§Ý�
O\, Cz�wÍ�� Fe8Al7Ac. '�:
~ê�
Czª³, �±uy�X��±ÏL¥�fSêO
\, :
~êÅìO\. ùÌ�´duDè�f�
�»�u Fe Ú Al �f, La, Ac, Sc Ú Y �f�,
� Fe8Al8 ¥�¬�~êO�. Ac �f��»�u
Ù¦�f, :
~êCz��.

L 1 oNUþ!/¤óÚ��/¤ó

Ü7�� (X) Fe7Al8X Fe8Al7X EFe EAl Esite Site preference
Y −7578.19 −8386.58 −0.47 −0.466 −0.004 Fe
Sc −7806.51 −8615.33 −0.55 −0.57 0.02 Al
La −7389.52 −8198.47 −0.29 −0.32 0.03 Al
Ac −6563.54 −7377.79 −0.38 −0.74 0.36 Al

L 2 :
~êÚ�55U

zÜÔ ¬�~ê/Å B/GPa E/GPa B/G G/GPa C11/GPa C12/GPa C44/GPa

Fe8Al8
5.76 183 218 2.18 84 282 136 163

5.72[18] 195[18] — — — 290[19] 130[19] 166[19]

— — — 292[20] 136[20] 165[20]

Fe7Al8Y 5.80 103 117 2.29 45 163 73 120
Fe7Al8Sc 5.82 153 120 3.48 44 211 124 119
Fe8Al7La 5.85 109 88 3.41 32 152 88 103
Fe8Al7Ac 5.87 117 94 3.34 35 157 98 115
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3.3 ���555ÚÚÚppp§§§555UUU

¯¤±�, Ü7�åÆ5UXrÝ!MÝÚ�
5Ñ�Ù�5~êk'. �*��5~ê�±�N
Ü7�÷*5U. �´, duá�¥�3"�Úÿ
Á���Ï��K�, éJO(/ÿ½á���5
~ê. Ïd, Äu1�5�n�nØO��±`k
��O��55U��{.

3 FeAl(B2) á�(���¥, Õá�3��5
~ê� C11, C12, C44, �±(½N��þ B, }�
�þ G, ¼�þ E.

G3
H +

9B + 2(C11 − C12)
8

G2
H

− 3C44(B + 2(C11 − C12))
8

GH

− 3C44(C11 − C12)B
8

= 0, (3)

E =
9BG

3B + G
, (4)

á�¬N�Å�²ï^��:

C11 − C12 > 0, C11 > 0, C44 > 0,

C11 + 2C12 > 0, B > 0. (5)

lO���5~êÚN��þ�(J¥�±
wÑ, Fe7Al8Y, Fe7Al8Sc, Fe8Al7La, Fe8Al7Ac ÷v
Å�²ï^�, Ñ´½�. lL 2 ¥�±wÑ,
Fe8Al8 �N��þÚ�5~ê�O���Á��
��� [19,20]. Xã 2 ¤«, �XDè���\\,
N��þ!¼�þ (E) Ú}��þ (G) Ñk¤ü
$, ¿�Xá��MÝ�XÜ7zk¤ü$. '
�A«Ü7���K�, Fe7Al8Sc �N��þ!
¼�þ (E) Ú}��þ (G) ���p, äk���
�ÜrÝ.

�
ïÄÜ7��5, Pugh JÑ
���5
�þ (B/G) ��Ü7�5�m{ü�²�'X. ¦
@�, � B/G > 2 �, Ü7�ä��ª��5; �
�, � B/G < 2 �, á��Ü7�ª�y5 [21]. 3
L 2 ¥, ¤k B/G ��) Fe8Al8 3SÑpu 2,
á� B/G ���p, Ù�5�Ð. Ù¥ Fe8Al7Sc
� B/G ��p, L²Dè Sc �\\UõÜ7�5
��J�²w.� � �� � �� � �� �� ��� �� �� �� ��

� � �� � �� ��� � �� � �� � �� � ��
� 	 
 � � 
  � � � � � � � 	 
 � � 
  � � � � � �

� 	 
 � � 
  � � � � � �� 	 
 � � 
  � � � � � �
������ � ������ �

�������� �
ã 2 Fe8Al8 ÚDè�,���55U (a) N��þ; (b) ¼�þ; (c) }��þ; (d) B/G �
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éu Fe-Al Ü75`, �á���5��, á�
�p§5U��©�. �â©z��, �±^á
��Lz§Ý�pL«á��p§½5. éuá
�(�5`, á��Lz§Ý��5~ê�3Xe
�²�'Xª, Tm = 553 + 5.91C11 − 300 (K) [22].
�
ïÄÜ7��é FeAl Ü7�p§5U�K�,
·�O�
ØÓÜ7��\\��Lz§Ý. X
ã 3 ¤«, Dè��\\�, FeAl Ü7�Lz§Ý
Ñkü$, Ù¥ Fe7Al8Sc �Lz§ÝCz��.� � � �� � � �� � �� � �� � � � 	 
 � �  � � �熔

化
温
度

��
ã 3 ØÓDè��é FeAl Ü7Lz§Ý�K�

'�á���55UÚp§5U, �±uyÜ
7�� La, Ac, Sc Ú Y �\\, �±Uõ FeAl Ü

7��5Ú¿§y5, �¬3�½§Ýþü$á�
�MÝÚp§5U. �´, ù´ÄN�nØO�, 3
¢S¥á�39?ne�±/¤Ü7zÜÔ, ¦
á�u)ÛÑrz, �±Uõá��rÝ, ��±
Uõá��p§5U. á��÷*5U´�*�Ü
�^�Ly, �
(½�Ü�^�÷*5U�m
�éX, ·�O�
 Fe7Al8Y, Fe8Al7La, Fe8Al7Ac,
Fe7Al8Sc �>f(�.

3.4 ������ÝÝÝ

ã 4 � Fe8Al8, Fe7Al8Y, Fe8Al7La, Fe8Al7Ac,
Fe7Al8Sc ��Ý (DOS) ã. l(J¥�±wÑ,
Fe8Al8 � DOS ��NA:�3¤�¡NC�3�
�¹b���Ý¸, ¤�U? u�zÚ��z
�m�JUY, Ì�� Fe-d ;�>f��^, ±9
Ú Al-p Ù¦;�>f�,z�^. ¤�U?3�
�Ýã¥� �, ´ u��Ý¸½ö�, �´?
u�zÚ��z�m�JUY, Ì��ûu Fe-d
Ú Al-p ;�>f�,zrÝ, ��ûul Al � Fe
�>Ö[£. �XÜ7�� Sc �\\, 3$U?
?Ñy
ü����¹b���Ý¸, ©O� Sc-s,
Sc-p ÚÙ¦>f,z�(J. Ó�, Ü7���\
\, Ñü$
 Fe-d ;�>f3¤�U??���Ý
�.� �� �� ������ � �� � ���	
�� � �� ����� ���	
�� � �� ����� �� � � � � � � �  � � � !� � � "� � � #� � � #� � � "� � � !� � � � $ � � � � � �

� � � � $ � � � � � �� � � � $ � � � � � �� %
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� �� � �� � ���
���� � �� � � ��	
�� � �� ����� ���	
�� � �� ����� �� � � � � � � �  � ! "� � � #� � � $� � � %! " � #! " � $! " � %�  � #�  � $�  � %� � � � � � � � � � &� '� �� �� ��� � �� � ��

���� � �� � �� � ���	
�� � �� ����� ���	
�� � �� ����� �� � % � � � � �  � � �� � � #� � � $� � � %� � � #� � � $� � � %�  � #�  � $�  � %� � � � �� � � � �� � � � � � � �( � '

� �� �� ��� ����
���� � �� � ���	
�� � �� ����� ���	
�� � �� ����� �� � ) � � � � �  � *� � � #� � � $� � � %* � #* � $* � %� � � #� � � $� � � %� � � � � � � � � � � � �� '
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����� �� ��� 	
�� �������� �� ��� 	
�� ���
� �

� �� ��
� ���

���� � �� � ��
� � � � � � �  � ! "� � � #� � � $� � � %! " � #! " � $! " � %�  � #�  � $�  � %� � � � � � �� � � � � � �� � � � � � �� � � � � � �

ã 4 ØÓÜ7���,���Ý (a) Fe8Al8; (b) Fe7Al8Y; (c) Fe8Al7La; (d) Fe8Al7Ac; (e) Fe7Al8Sc

�â¿WU�nØ [23,24], W¿��±O\
½5, �W¿�ü$½5. �
µ�Ü7d�
W¿§Ý, ·�3��Ýã¥½Â
 Wocc(W¿�
°Ý) Ú Wb(�z�°Ý), ©O��zÚ��z.
Ü�¤�U?�m�ål. Ïd, Wocc/Wb �±
^5£ã�z�¥�W¿Ü©, Ù'���C 1,
Ü7(��½. lL 3 ¥�±wÑ, Fe7Al8Sc
� Wocc/Wb ���Cu 1, Ó�äk�$�¤�U
?. Ïd, '�A«Ü7NX��55U!p§5
UÚ>f(�, Fe7Al8Sc �½5�Ð, Ó�äk
�Ð�åÆ5UÚp§5U.

4 ( Ø

�©A^Äu�Ý�¼nØ�1�5�nO
�, ïÄ
Dè���Ü7z�Aé FeAl (B2) k
S7ámzÜÔÜ7¬N(�!�5Ú>f5U

�K�. ¼�Xe(Ø:
(1) Dè��3 Fe8Al8 ¥½�3, Ù¥ Y ´

u�� Fe  ,  Sc, La Ú Ac ´u�� Al  .
(2) D è � � (La, Ac, Sc Ú Y) � \ \,

¦ Fe8Al8 �:
~êk¤O\, Ù¥ Fe8Al7Ac
Cz��.

(3) ¤kDè���\\Ñ�±Uõ Fe8Al8 �
�5, �MÝÑkeü, Ù¥ Fe7Al8Sc äk�p�
�5ÚMÝ.

(4) Dè���\\¦ Fe8Al8 �Lz§Ýk¤
eü, �¿Ø²w.

(5) Fe8Al8 >f(�Ì�� Fe-d ;�>f��
^, ±9Ú Al-p Ù¦;�>f�,z�^. �X
Ü7�� Sc �\\, 3$U??Ñy
ü���
�¹b���Ý¸, ©O� Sc-s, Sc-p ÚÙ¦>f
,z�(J. Ó�, Ü7���\\, Ñü$
 Fe-d
;�>f3¤�U??���Ý�.
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First-principles study of FeAl(B2) microalloyed with
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Abstract
The effects of FeAl(B2) microalloyed with rare earth element (REEs) La, Ac, Sc and Y on structural, elastic and electronic

properties are investigated by first-principles calculation based on the density function theory (DFT). The calculation results show that
the REEs Y tend to be substituted for Fe site, while La, Ac and Sc tend to be substituted for Al site, and Ac causes the largest lattice
distortion. The calculation results of elastic properties show that the ductility of FeAl(B2) is improved by the addition of La, Ac, Sc
and Y. The Fe7Al8Sc has better ductility and hardness. The effect of REEs on the performance of alloy is attributed to the variation of
hybridization between Fe and Al electrons. The calculation results are in accordance with experimental and theoretical results.

Keywords: density of states, electronic structure, elastic constants, first-principle
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