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ÏL�\ØAå��{, 3c^/GPÁÜ7 Mn2NiGa ¥Ú\í3SAå, ïÄ
SAåé Mn2NiGa á��
(�!�CÚ^5U�K�. ïÄuy, \ØL§¦á�u)
�5/C, 3á�SÜÚ\
�þ� �"�. �1
��3� �"�3á�¥E¤
í3�SAå, ��
ê¼N�C§Ý�ÌÝJp, ¦��¿§e�1�=C¤

ê¼N�. ÿþ����¬=C¤ê¼N�K�ØAå� 1.0 GPa. \Ø/¤�ê¼N¥�í3SAåò
�å
l$u 50 OeJp� 350 Oe. í3SAå3 730 K �9?n¥du �"����
�±�Ø, �¬¢y
ê¼N
_�C. Xdp�_�C§Ý¦� Mn2NiGa ê¼N�Øp§Ýÿþ¤��U, ¼�
 530K �ê�.

'�c: c^/GPÁÜ7, Mn2NiGa, í{SAå, ê¼N�C

PACS: 75.20.En, 81.30.kf

1 Ú ó

1996 c, O’Handley � � 
c^ / G P Á
Ü7 (ferromagnetic shape memory alloys, FSMAs)
Ni2MnGa �, < � é ù a á � ? 1 
 2 � � ï
Ä [1−5]. Ù¥	åéc^/GPÁÜ75��
K�@kïÄ, �¤�\�	Aåõ3�5½��
5��� [6−10]. 
éu���	Aå�^e, 3á
�¥í3�SAåé�C§ÝÚ^5�5��K
�����. ·�Q²*	�²L 40 GPa Øå�
1���¬¥, Ñy
,	�«ê¼N�, ¿@�
´Øå/¤�"��3
�
±¬�ÆC/ªÑ
y�SAå¤� [11]. Ïd, ïÄ	Aå�^�, í
3SAåéá�(�Ú^5�K�´k¿Â�.

�ó�À^éAå¯a� Mn2NiGa ^5/G
PÁÜ7��ïÄé�,ÏL�\���	Aå�
�{Ú\"�, ïÄí{SAåé(�!�CÚ^
5U�K�. ïÄuy, í{SAå¦ Mn2NiGa �
�C§Ý�ÌÝJp, ¦ê¼N�Øp§Ýÿþ¤

��U, ¿3�¬¥�)
���
�å. �ó�
�é'
ï�/¤�ê¼N�Ä�5�, ¿?Ø

�'�ÔnÅn.

2 ¢��{

¢�¥¤^�¬�|©� Mn2NiGa. òXÝ
� 99.99%±þ� Mn,Ni Ú Ga 7áü�U¤I¤
©���, �¬3pX�í�oeæ^>lLõ¼
�, õgLõ�y
¤�Ü7¼f¤©þ!. ¤�
Lõ�¬3 1023 K eò» 72h, ¦¤©?�Úþ!
z¿¢y�f�kSÓ . 3¿§e, æ^ØÅé
�¬�\�p� 2.0 GPa �	Aå. �üØ\Ø¤
E¤���¯K, æ^�\Ø�¬��®", âÝ
�� 10 µm. I��Ñ�´, ¿§�1��Lõ�
¬²ï�¤®"�, duÚ\
SAå, �¦ê¼
N�C§ÝJp�¿§±þ, Ïd���®"3¿
§e¥ê¼NG� (�
Qã�B¡�” ï�ê¼
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N”). ·�éï�ê¼Næ� 1023 K(3U:e) �
9?n�KSAå��, �¬�ê¼N�C§Ýq
ü$�¿§±e, 3¿§e¥1�(�. \Øé�
=�ù«²L�Aåò»�1�®". ��é',
·��ÿþ
ï�ê¼N��A5�, ïÄ±ï�
�/ªÚ\�SAåé�¬5��K�. é\Ø�
1��¬�(�©Ûæ^ X ��û��{ (XRD),
¤^q� Cu, Å�� 1.5405 Å. �C§Ýÿþæ^
�6^zÇÚ�9©Û (DTA) �{. ^5ÿþæ^
�Ä�¬^rO (VSM).

3 (J�?Ø

c^/GPÁÜ7 Mn2NiGa 1��(��N
%á�� Hg2CuTi (�, ê¼N�(��o�(
�. 3�½�§Ýe, 1���Ú^zrÝpuê
¼N�, 
�Ú|���uê¼N� [12]. �ó�
¥ Mn2NiGa �¬�ê¼N�C§ÝÚ_�C§
Ý©O� 210 K Ú 250 K, 1��Øp§Ý� 550
K. ù«�¬�1�Úê¼N��
�åÑé�,
3 50 Oe(1 Oe=79.5775A/m) ±e.

ã 1 3¿§eé�\ØÓØå�1��¬ÿþ� XRD û
�ãÌ

é®"�¬�\ 0—2.0 GPa �Øå, �1�ÿ
þ�¬3¿§e� XRD û�ãÌ, Xã 1 ¤«. é
u��\Øå��¬� XRD û�¸?1�Iz,
O��¬�~ê� a=b=c=5.8901 Å, ù�©z [12]
¤���ê�´���. lã¥�(J�±ò\Ø
éá��K�©�n���: Øå$u 0.1 GPa, �
¬�,�±1�(�; 3 0.2—1.0 GPa �Øå��
S, �¬¥Ñy
Ü©ê¼N� (�
Qã�B�
¡¡” \Øê¼N”), d��¬?uü���G�.

�XØå�O\, \Øê¼N��©þÅìO\,

1�~�, �� 1.0 GPa �Øå��¬ý�Ü©
®�\Øê¼N�. 3 1.0—2.0 GPa �Øå��S,
�¬��=C�ê¼N, (�éØå�¯a5C$.

3 0.1 GPa �Øå�^�, ®"(�E�1�
kü«�U:1) duØå�^Ø
�, vku)�
C; ½ö 2) á�u)
Aåpu�ê¼N�C, �
�1��X	Aå��Ø
u)
_�C, (�q
C£
1�. 
3 0.2 GPa �Øå�^�, �¬Ü©
¥ê¼N�, ù`²:1)	AåÄkpu
¿§e�
ê¼N�C, �Ò´`, ê¼N�C§Ýdu	A
å��^,p�
¿§±þ;2) ù�Y²�	Aå
�3�¬¥/¤
�3e5�\Øê¼N, §�3
�¬�1�Ø¬u)_�C�£1�;3) ù�Y²
9±þ�	Aå3á�¥E¤
Ø�¡E�(�
Cz.

du®"G���â��ØÓ, Ïd3ü��
ØAåÅìO\�L§¥, ���âu)Aåpu
ê¼N�C�k�´k¤ØÓ�. Ón, Aåpu
�ê¼N�3�ê¼Nw£Xþ��.©�Aå
��Ø�Ó. 3�L 0.2 GPa �Øå��^e, ?u
k|���ê¼N�â?�Ú�)w£u)�5
C/, SÜ ��"�O�, "��Ý×�O\. ù

"�Ø�Øå��1
��, 3ÄN¬�¥/¤

í3SAå, 
ù
í3SAå3ÄNSE¤ê
¼N�C§Ý�,p, 3e
\Øê¼N. �X�
\Øå�ÅìO�, u)�5C/��â�3Oõ,
\Øê¼N°þ���Oõ, �� 1.0 GPa �Øå
�, ý�Ü©��â®²u)�5C/, Ïd1�
®²ý�Ü©�=C¤
\Øê¼N�.1.0 GPa ´
	Aå�¦ Mn2NiGa ®"��=C�ê¼N�K
�. 3	\ØAå� 1.0—2.0 GPa ��, ¤k1�
Ñ=C¤
\Øê¼N, �¬�1�, Ø2k1�
Ñy.

ã 2 w«Ñ�«ê¼N� XRD ãÌ'�.
ã 2(a) �1�®"ü§� 180 K ÿþ�ê¼N
û�Ì (�
Qã�B�¡¡ “$§ê¼N”). d
ã���û�¸'�kb, Ù¥ (220) Ì¸��
p°� 0.61◦. �Iz�¬�~ê� a=b=5.5248
Å,c=6.7005 Å, �©z [12] Ä�ÎÜ. ã 2(b) �ï
�ê¼N®N, du�E»�!ï�3�¬¥E¤

é��SAå, ��
�û�¸�p°�'$§
ê¼NO�, Ù¥ (220) ¸��p°� 1.05◦. 
\
Øê¼NKdu\ØE¤�í{SAå, ¦Ùû�
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¸�p°�k�A�O�, Xã 2(c) ¤«,2.0 GPa
\Ø�¬ (220) ¸��p°� 0.85◦. l (220) û�
¸��¸°�O�þw, ï�ê¼N¥�SAå�
u\Øê¼N¥�3�í3SAå. ùAT´du
��m�Eï�!»�, �Éå�¹E,
Úå�
"��Ý�p���. ã 2(d)� 2.0 GPa \Øê¼
N²L�gl¿§� 773 K �9Ì�, £�¿§�
� XRD û�ã. 9Ì�,ü§�Ç�� 10 K/min.
d��¬¥ý�Ü©´1�, ,¹kÜ© γ �. ù
�(J`²:1) ù�9Ì��±�Ø\Ø/¤�í
3SAå;2) �ØSAå�, ê¼N�C§Ý£�

¿§±e;3) �¬¥� γ �´du9�^
E¤
�, ¿�\Ø¤/¤.

ã 2 ØÓ?n�ª��¬� XRD û�Ì (a) $§ê¼N;(b)
ï�ê¼N;(c) ² 2.0 GPa �Øå���\Øê¼N;(d) c �¬
²p§9Ì���û�Ì.a �¬ÿþ§Ý� 180 K, Ù{þ�¿
§eÿþ

ã 3 w « 
 � 1 Ø å � � ¬ ¿§� 
�
å (HC) Ú 1.5T |�^zrÝ (�©^”MS” L
«) ��\Øå�Cz. �u 0.1 GPa �Øå, �¬
� HC Ú MS Ä�Øu)Cz. ù�ã 1 � XRD *
	��, `²�¬Ly
�5/C1�, �1��
¬�,�1�(�. 3 0.2—1.0 GPa �Øå��S,
�¬� MS Ú HC :ìeüÚþ,, ©Ol 0.2 GPa
� 32.9 emu/g Ú 41.4 Oe Cz� 1.0 GPa �� 23.4
emu/g Ú 292.5 Oe. ù´\ØL§¥\Øê¼N©
þÚ/¤� ��Ý�O\¤�, Ù¥ HC =�^
Æ�"�¹S�Ly. 3 1.0—2.0 GPa ���,MS

¤���ØC�ê�, éAX®"�¬ý�Ü©
®²C¤
\Øê¼N���¹. 
3dØå�
�,HC �O\�C����ú, ==O\
 50 Oe,
¥y
ªu�Ú�,�. ù¿�X3�L 1.0 GPa
��Øå�^e, ê¼N®"?�Úu)
�5C

/. 
d��¬¥� ��Ý�,k¤O\, ��
ª�u�Ú, =�¬��5C/�k�� “Ý” �¯
K. \Øê¼N�1��^z1�, Ø
 HC Ú MS,
�Ú|�ké���O, Xã 3 ¥��ã. ��é
', ·��ÿþ
ï�ê¼N�
�å (ã¥�«
Ñ), �� 560 Oe, ù�u\Øê¼N¥��p
�
å 350 Oe. lc¡�?Ø·�®�ï�Ú\�SA
å��u 2.0 GPa \Ø, dd�±íØ, 
�å�ê
�3,«§Ýþ�L
�¬�SAåY². ·�c
Ï�ïÄ®²�Ñ, �ê¼NS�3N\�SAå
�, du§é^Æ�¹S�^, Úå

�å��
ÌÝJp [13]. d?
�å�Jp, �´Ó��Ôn
Ån¤�.

ã 3 0—2.0 GPa Øå��S, �¬�1Øå�3¿§eÿþ
�
�å (¢%�/) Ú 1.5T |e�^zrÝ (¢%�/) �Ø
å�Cz1� (�ã��\ØÚ 2.0 GPa \Ø�¬�¿§M -H
­�)

ã 4 2.0 GPa Øå�\Øê¼N3,§— ü§Ì�¥�9^
­� (¢%�/) ��\Ø�1��¬ (¢%�/) �é', ÿþ
^|� 1.5 kOe, C§�Ç� 10 ◦C/min. �ã� 0.8—2.0 GPa �
\Øê¼N�ï�ê¼N�,§ DTA ­�

ã 4 w«
 2.0 GPa �\Øê¼N�¬Ú1�
�¬�9^­�, 9Ì�´»� 300—750—300 K.
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dã��, 3,§L§¥, 1��^zrÝ�§Ý
,p
ü$, ²L�� 550 K �Øp§Ý TC(a) �
ü�". dþ¡�ã 2 ��, 1�®N3\9L§
¥)¤
 γ �, ü§­��^zrÝ�,§­�k
¤ü$=
ud. Ó�, ·�ÿþ�
�� 360 K
� γ �Øp§Ý TC(γ). 3\Øê¼N�9^­�
¥, duê¼N�^zrÝÚ�Ú|$u1�, Ï
d,§­��^zrÝ�$. duí3SAå��
^, ê¼N_�C§Ý���Jp, 3 300—550 K
�§Ý��S, �¬��w«�\Øê¼N�. 3
± Mn2NiGa �ïÄ¥, äkæc^5��ê¼
N��Øp§Ý´Ã{ÿþ��. ù´Ï�$§ê
¼N�3$uØp§Ý�cÒu)
_�C, =C
�1�. 
3·���¬¥, í3SAå¦_�C
§Ý��Jp, ¦·��±3\Øê¼N_�C�
cÿ�
§�Øp§Ý TC(m), �� 530 K, Ñ$u
1��Øp§Ý, Xã 4 ¤«, ù�·�3cÏó
�¥íÿ�ê¼N�Øp§Ý´��� [13]. du
\Øê¼N�$§ê¼N3(�þ´���, ¿�
vkyâL²�¬�SAåò¬î­/K�á�
����^, Ïd, �±@�,·�ÿþ��\Øê
¼N�Øp§ÝÒ´ Mn2NiGa �$§ê¼N�Ø
p§Ý. ùØ=´<�1�g*	� Mn2NiGa �
ê¼N�Øp§Ý, 
��´1�g3¤kc^5
/GPÁÜ7¥Ø7æ^Cz¤©��{, =�*
	�_�C§Ý$uØp§Ý�ê¼N�gu^
z1�. ù�*	�¢y, �Ãu Mn2NiGa á�é
SAå�¯a5.

3pu 550 K �,§Úü§­�¥, du��

ü��Øp§Ý, l�¬�^zrÝ�CzÃ{
2¼��C�&E. �lã¥*	�, g 750 K ü
§�­�3 550 K ����¿§�1��¬�­
�Ä�­Ü, (Üc¡�?Ø, �±ä½: \Øê
¼N3 550—750 K �§Ý��S®u)
ê¼N
_�C (�Qã�B�¡�” p§ê¼N_�C”),
(�=C£
1�, ¿�\9L§¥�¬Ñy

�þ γ �. ÿþ9Ì����¬, uyÙ
�å®
ü$� 50 Oe ±e, ù`²3d\9L§¥�¬
� �"�±9¤�±�í3SAå®²��Ø,
�¬C£
1�, 
�å�����, ùÚã 2(d)
¥ XRD �(J´���.
�
¼�\Øê¼NO(�=C§Ý, ·�

?�Úÿþ
 550—750 K§«S�ØÓØå\Ø
��¬� DTA ­�, ��é'·��ÿÁ
ï�

ê¼N� DTA ­�, Xã 4 ¥��ã¤«. ã¥
­�á9¸éAp§ê¼N_�C, Ù¥ 1.0—2.0
GPa �p§_ê¼N�C§Ý�C��, �� 730
K, ùÚ·�39^­�¥���(J´���.
ù®²����Ñ
�\Ø�¬�3 250 K u)
�_�C�§Ý (�Qã�B�¡¡�\Ø�¬
�ê¼N_�C�” $§ê¼N_�C”). ¿�l
ã¥�±wÑá9¸¿Ø5�, ¸.°z, 
 0.8
GPa Øå� DTA ­���²w. ï�ê¼N�p
§_�Cm©�§Ý�$, �� 670 K, �á9¸°
z��î­, ��_�C§«±Y
� 80 K, �p
� 750 K, pu\Øê¼N� 730 K. �'�e,�\
Ø Mn2NiGa á��ê¼N�CÚ_�C�§Ý'
XÑ´�Í�� [12]. (Üc¡�¢�(J, ù�*
	�±�ÑXe(Ø:1) \Øê¼N¥í3SAå
äk�é(½�ê�Y², ��k�½�©Ù°Ý,
´á9¸°z��Ï;2)1.0 GPa �Øå´«©Ü©
Ú�Ü�¬=C¤\Øê¼N�K�, $uù�Ø
å�, Ù¥í3SAå�©Ù�°; 3) ï�ê¼N
��pí3SAå��L 2.0 GPa \Øê¼N, �
duæ^
ï��ª, í3SAåY²©Ù�°.

u)�5C/�á�3\9�du¬��Ä
\ìò�Ø ��"�l
��SAåY²�ü
$. 
�5C/k�� “Ý”: $uù� “Ý”, á�
�C/þ��, �"��õ, SAå��, 7á�
;�U�õ, �Ø ��°ÄåÒ��. 
puù
� “Ý”, �ØSAå�§Ýòª�u�½�­½
� [14]. 3�ó�¥, p§_�C´d ��Ø�Å
nÌ��. ùLyÑ
 Mn2NiGa á��C§Ýé
Aå�¯a5, �Ò¬N(�éAå�¯a5. ù
«¯a53Ù¦ Heusler a.�^5/GPÁÜ7
¥, vk@or.

���Ñ�´, ·�cÏé9?n Mn2NiGa
�ïÄ¥, �â XRD �ÿþ(J, òÙ¥��ê¼
N
�å�Jp�Ï, 8(�SAåé^Æ�¹S.
SAå�å
,·�íÿ´3 423 K �$§��¥
�)
�U�ÛÑÔ. 
9Ì�� 485 K u)_�
C��Ï, ´ÛÑÔ�oz [13]. 
3�ó�¥\Ø
ê¼N�_�C§Ýp� 730 K, ´�Ø �"�
�¬�9�Äû½�. ù�é'`², ��ê¼N
SAå�5
��ØÓu�ó�¥\Øê¼N�
í{SAåÅn.


ã 3 �(J¢Sþ´ã 1 �(��ØAå
�þz. �âÙ¥ HC Ú MS 3 1.0 GPa ª��Ú
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�¯¢, 3·��á�¥, �5C/� “Ý” A�\
Ø 1.0 GPa �á��C/þ. $u 1.0 GPa, duá
�¥�ØÓ���®"�â�C/§ÝØÓ, Ïd
\9�p§ê¼N_�C�§Ý�ØÓ, ���C
§«��, Xã 4 �ã¤«. pu 1.0 GPa, á�3
Øå��^e, A�¤k���®"�â�Ñ¬u
)���5C/, \ØL§¥Ú\� �"�ª�
u�Ú, Ïd§���C§ÝÄ���, � DTA ­
��á9¸�kb. �´3�\Øå�L§¥¤k
®"�â�Éå�¹Ø�U���Ó, ùÒ��

\Ø�¬p§ê¼N_�C�á9¸�éu$§
_ê¼N�C��°z. 
éuï�ê¼N, du
ÙÄNSí3SAå�u\Øê¼N�, Ïd_�
C�m©§Ý�$u\Øê¼N, ¿�duÙ3»
�!�Eï�L§¥Éå4ÙØþ!, ÏdÙp§
_�C�§«AO°z.

ã 5 �\Ø1� (¢%�/) Úï�ê¼N� (¢%�/) ²
9Ì��/¤�1�±9 2.0 GPa \Øê¼N� (¢%n�/)
²9Ì��/¤�1��¿§e�6^zÇ�§Ý�'X­
� (�Þ�LC§��)

ã 5 w«
 2.0 GPa \Øê¼NÚï�ê¼
N²9Ì����CA���\Ø1��¬�
'� (¯¢þ, ·��ÿþ
 0.8—1.5 GPa �\Ø
ê¼N9Ì����6^zÇ­�, Ù(JÚ 2.0
GPa ��¬Ä���). Xc¤ã,�\Ø�¬�ê
¼N�C§ÝÚ_�C§Ý©O� 210 K Ú 250

K. \Øê¼NÚï�ê¼N²9Ì�u)p§ê
¼N_�C�, duí3SAå��Ø, �¬�ê
¼N�C§Ýq£�
¿§±e, ��ö��C
§ÝÚ/GÄ���, ��3 195 K. ��?n�
¬k¤ü$. ù´du�¬9Ì�L§¥ γ ��
ÛÑ (ã 2(d)), l
���¬�ÄN�¤©�kC
z. �â�¬ÛÑ γ ��Ù�C§Ý�$§£Ä�
¯¢, ±9©z [12] �(J, �±íÿ γ ���«
L Mn �. ,	, lã¥��±w�\ØÚï���
¬9Ì���CÚ_�C�±Y§« (�Cm©�
(å) ��?n�¬�²wC°. ù¿�X��®
"�â3\ØÚ�ØSAåü�L§¥�Cz¿
Ø�Ó, ù
Ñ¬�����â��C§Ýk¤�
É, �¦�CÚ_�C§«C°.

4 ( Ø

� © ï Ä 
 \ Ø Ú \ � í 3 S A å
é Mn2NiGa á��(�!�CÚ^5U�K�,
¿�ï�Ú\�SAåéÙK�?1
é'. ï
Äuy, \ØL§¦á�u)
�5/C, 3á�
SÜÚ\
�þ� �"�. �1��3� �"
�3á�¥E¤
í3�SAå, ��
ê¼N�
C§Ý�ÌÝJp, ¦��¿§e�1�=C¤

ê¼N�. ÿþ�ØAå���¬=C¤ê¼N�
K�� 1.0 GPa. í3SAå3\Ø/¤�ê¼N
¥ò
�ål$u 50 Oe Jp� 350 Oe. duê
¼N_�C§Ý��ÌÝJp,·��±3u)_
ê¼N�C�cÿþ�
ê¼N��Øp§Ý, �
� 530 K, Ñ$u1�Øp§Ý. 3pu 730 K§Ý
9?n�L§¥, í3SAå�X ����
�
Ø, \Ø�¬��C§Ýq£�
¿§±e, ¦�
¬=C�1�G�. ï�ê¼Nduí{SAå�
�ÚØþ!, �Ø �"��§«�\Ø�¬��
°z.
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Effect of internal stress on sructure, martensitic
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ferromagnetic shape memory alloy Mn2NiGa∗

Song Rui-Ning1)2) Zhu Wei1) Liu En-Ke1) Li Gui-Jiang1) Chen Jing-Lan1) Wang
Wen-Hong1) Li Xiang2) Wu Guang-Heng1)†

1) ( State Key Laboratory for Magnetism, Institute of Physics, Chinese Academy of Sciences, Bejing 100190, China )

2) ( School of Material Sciences & Engineering, Beijing Institute of Technology, Beijng 100081, China )

( Received 11 February 2011; revised manuscript received 11 April 2011 )

Abstract

The structures, the martensitic transformations and the magnetic properties of ferromagnetic shape memory alloy Mn2NiGa with

the loading and the unloading of the external compressive stress are investigated. The plastic deformation occurring during the stress-

ing causes a high level of dislocation defects existing in the sample. The residual internal stress results in a significant increase of

the reversed transformation temperature. The threshold value of compressive pressure for causing the completely martensitic trans-

formation at room temperature is identified to be 1.0 GPa based on the experimental measurements of XRD and magnetic coercivity.

The coercivity of the martensitic phase increases from 50 Oe to 350 Oe due to the application of the external stress up to 2.0 GPa. It

is also observed that the reversed martensitic transformation occurrs, when the sample is treated by heating up to about 730 K. This

is attributed to the elimination of the dislocation by the annealing effect. Such a high reverse martensitic transformation temperature

allows the measurement of the Curie temperature of martensitic phase and the obtained value is 530 K.
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