
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 108104

Cu ééé Ni50Mn36In14 ���CCCÚÚÚ^̂̂555���KKK���*

76ù† �' oyU ê(x

( �®�E�ÆÔnX, �® 100083 )

( 2012 c 4 � 9 FÂ�; 2012 c 4 � 23 FÂ�?Uv )

©ÙïÄ
 Cu O�Ü© Ni éc^5/GPÁÜ7 Ni50Mn36In14 �CÚ^5�K�5Æ. ïÄL²,

3 Ni50−xCuxMn36In14 ¥, �X Cu ¹þ�O\, �C§ÝÅìü$. Cu ¹þ$u 5%�, c¼N�^5ruê¼N
�^5, 1�Úê¼N���Ú^zrÝ��� ∆M �X Cu ¹þ�O\O�. � Cu ¹þ x = 4.5 �, ∆M ×�
O\� 80 emu/g, ¿3Tá�¥*	�
^|°Ä�ê¼N�c¼N�=C, w«
Tá���^°Ä^>{á�
�d3A^cµ. � Cu ¹þpu 5%�, c¼N�±c^G�,ê¼N�d�c^G�C�c^G�,ê¼N�^5
ruc¼N�^5, ∆M ���f, ^|°Ä5���.

'�c: ^5/GPÁÜ7, ^°Äê¼N�C, NiCuMnIn

PACS: 81.30.Kf, 75.50.Cc

1 Ú ó

c^/GPÁÜ7Ø=äkÊÏ/GPÁÜ
7�ACÚpíÄå�A:, �äk^�� 
á�ÚØ>>bá��A�Ý¯Úp�Ç�`:,
k"¤�Ø>>bÚ^�� á����#��
°Ä�Daá�. ^5/GPÁÜ7Ì�kü�
a, 1�aÜ7�^a)ACÌ�5u^|�^
e�ê¼NCN#ü�, �) Ni2MnGa(Al)[1−3],
Ni2FeGa[4], CoNiGa(Al)[5,6] �. CNü�°Ä
å5u��CN�m�^��É5U��É.
ù�ACÅ�û½
 Ni2MnGa �ÑÑAå�k
A MPa[7,8]. ù�$�ÑÑõÇ����
Ù¢S
A^. 1��a^5/GPÁÜ7´^|°Äê
¼N�Cá�, Ù¥�;.�á�´ NiMnIn (Sn,
Sb) 9Ù Co �,X� [9−11]. 2006 c, F�< Sutou
� [9] ��
Ü7 Ni-Co-Mn-In ¥^|pu��c
^½ö^^ê¼N�c^c¼N�=C, Tá�
^|°Ä��CACÑÑ�Aåpu 100 MPa,
´ NiMnGa Ü7� 50 õ�. ��^°Ä�C, �3
Taá�¥uy
�^>{Ú�^�C [12,13], Ï
dÚå
�+�Æö��2�'5.

ïÄuy, Ni50Mn50−xInx á���C§Ý�
X In ¹þ�O\ü$ [14]. 31�G�e, Ta
á�LyÑ�~r�c^5, ü$§Ý�ê¼NG
��, ^5fuc¼N�^5. éu x = 16 ��¬,
3ê¼N�C��)
��é��^5Cz ∆M .
	\^|�, Zeeman U µ0∆M · H U
Jø��
���°Äå, l¢y^|°Ä��C. ïÄL
², �C§Ý!∆M � In ¹þ���', 3þã¤
©¥, 5 T |�^e, �k In ¹þ x = 16 �, ^°Ä
�J'�Ð, 3Ù¦¤©¥Ñvk*	�^pu�
C [14]. 3�©¥,·�ÏL Cu �,5N!�C§
ÝÚ^5, rØU^|°Ä�á� Ni50Mn36In14 C
¤
^|°Ä. :©Û
 Cu �,éÜ7(�!
�CÚ^5K��5ÆÚÔnÅ�.

2 ¢��{

� ¢ � ¦ ^ ��¥ ü � 7 á Ni, Mn, In,
Cu � X Ý þ� 99.99%. æ ^ > l¬L õ �
� Ni50−xCuxMn36In14 (x = 0, 1, 2, 3, 4.5, 5.5) õ
¬X��¬. Lõ���¬3ý��=+¥?
1 800 ◦C p§ò» 24 h, ,�3XY¥|»?n.
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æ^ X ��®"û�¢�5(½�¬�¬N(
�. �¬�^5æ^�Ä�¬^rO (QUANTUM
DESIGN úi) ÿþ, ^|���Ý 30 kOe (1 Oe =
79.5778 A/m),§ÝCz�� 50—400 K.

3 (JÚ?Ø

ã 1 �Ñ
¿§e Ni50−xCuxMn36In14 (x = 0,
1, 2, 3, 4.5, 5.5) õ¬�¬�®" X ��û�ãÌ.
éu�¬ Ni50Mn36In14, �Iz(Jw«T�¬�
o�(���N�ê¼N, ¬�~ê� a = b =
0.5705 nm, c = 0.6722 nm. ¬¶' c/a > 1. ^
�þ� Cu O� Ni, Cu ¹þ x = 1, 2 ��¬E
,�±o�ê¼N(�. Cu1 Ú Cu2 �¬�¬�
ëê©O�: a = b = 0.5780 nm, c = 0.6687 nm
Ú a = b = 0.5795 nm, c = 0.6565 nm. � Cu �
¹þ?�ÚO\� x = 3 �, ¿§e�¬´1�
Úê¼N�ü���, �Iz(Jw«á�1�
�¬�~ê a = 0.5994 nm, o�ê¼N�¬�~
ê´ a = b = 0.5878 nm, c = 0.6362 nm. � Cu �
¹þO\� x = 4.5 �, �¬C�Xá�(��
c¼N, ¬�~ê a = 0.5998 nm. x = 5.5 �, O
�L² a = 0.6005 nm. ddwÑ, ^ Cu 5O�Ü
© Ni, Or
c¼N�½5. c¼N�¬�~ê
�X Cu ¹þ�O\O�.

ã 1 ¿§e Ni50−xCuxMn36In14 (x = 0, 1, 2, 3, 4.5, 5.5) õ
¬�¬�®" X ��û�ã

ã 2 �Ñ
¬�ëê� Cu ¹þ�Cz. �±
wÑ, ê¼NG�e, �X Cu �O\, a ¶ÅìC
�, c ¶ÅìCá, c/a Åì~�. � Cu ¹þ�Cz,
c¼N¬�~ê�Czvkê¼N¬�~ê�C
z²w.

ã 2 ¿§e Ni50−xCuxMn36In14 (x = 0, 1, 2, 3, 4.5, 5.5) ¬
�~ê� Cu ¹þ�'X

ã 3 �Ñ
�¬3 100 Oe |�^e� M -T
ü§�. �±wÑ, 1N Ni50Mn36In14 ��C§
Ý TM � 370 K. Cu O�Ü© Ni �, l²þ�J5
w, �X Cu ¹þ�O\, �C§ÝÅìü$. � Cu
¹þO\� 3 �, �C§ÝÚØp§ÝÜ. Cu ¹
þO\� 5.5 �, �C§Ýü� 240 K, ��C�
a�Ø2Í�.
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ã 3 Ni50−xCuxMn36In14 õ¬�¬3 100 Oe |�^e� M -
T ü§�

�â Hume-Rothery Ü7�nØ [15], �¤�¡
Ó (110) Ùp�«Ø�>�, ¬N�±Ï(�U
½��3. �Ü7¥��>>fu)Cz�, �>
� s >fÚ�>� d >f�m����^Uu)
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Cz, ��¡%á�ÚN%á�¬�e�>fo
Uþ�m�¿�, lÚu�C. 3^5/GPÁ
Ü7¥, �C§Ý���X�>>fßÝ�O\
,p [16]. éu Heusler Ü7 X2Y Z, X �f´LÞ
x7á�� Fe, Co, Ni, Cu �. X � d >f�Ü©
´Û��>f (P� dl), �k�þ� d >f´Ñi
� (P� di), Ï~�¹eÑi>f�ê8�u 1[17].
3± �ïÄ¥, Ï~r¤k� d >fÑ���>
>f5O� [16]. ¢Sþ, ë��>�>f´Ñi>
f. �âþ¡�©Û, Cu 5O�Ü© Ni, sp �f�
´ In �f, ÏdO�c��>>f�CzÌ�5
uÓâ X  ��f�Cz. �â Stearns ���,
3Ó�±Ï¥, �fSê��, di ��, Ïd^ Cu
5O�Ü© Ni �, di �ê8�~�, ¤�Å¥~
� [18]. Ó� Cu ��	� s >f��u Ni � 2 � s
>f, Ïd Cu O� Ni �, �>>fßÝü$, �C
§Ýü$, c¼N�C�½.

ã 4 � Ñ
 Ni50−xCuxMn36In14 õ ¬ � ¬
3 20 kOe |�^e� M -T ü§�. é'1N�
¬ Ni50Mn36In14, uy� Cu ��¬^5u)
é
��Cz. 3 Ni50Mn36In14 ¥, 1��^zrÝ�
k 4.2 emu/g, ê¼N��^zrÝ=� 1.1 emu/g,
ü��m�^5� ∆M = 3.1 emu/g. �X Cu ¹
þ�O\, 1��^zrÝØäO\, ê¼NE
,�±$^G�: �c^G�½ö^^G�, Ï
d ∆M ØäO�. � Cu ¹þO\� x = 4.5 �, 1
��^zrÝ×�O\� 82.3 emu/g, ê¼N�
^zrÝ�k 2.8 emu/g �m, ∆M �C 80 emu/g,
��pu Ni50Mn36In14 �¬¥� 3.1 emu/g. � Cu
¹þ x O\� 5.5 �,ê¼NØ2´$^G�,ê¼
N���Ú^zrÝ�pu1���Ú^zr
Ý, ù� Ni2MnGa �¬�Cc��^5G�Cz
´���. dd��, � Cu ¹þO\��½§Ý
�,ê¼Nd�c^G�C¤c^G�.

^ 5 ÿ þ Ú ¥ f û � ï Ä L ²: � © � '
� Ni2Mn ÄÜ7, X Ni2MnGa, Ni2MnIn, Ni2MnSn
�, §��^5Ì�5u Mn �f, z� Mn �
f�^Ý�� 4 µB

[19]. du�C�� Mn �f
� m � å l � u 0.4 nm, ¤ ± Mn � f � m �
c^ÍÜØ´��� d-d >f���p�^, 
´ÏLD�>f�m����^. ,3 ©
�¤© Ni50Mn50−xZx (Z = Ga, Sn, In, x < 25)
¥, pu 25 �õ{� Mn �fÓ Z  , 3 NiM-
nGa Ú NiMnSn ¥, Ó Z  � Mn �Ù±�� Mn

´ � c ^ Í Ü [20,21]. � Ü © Cu � � Ni �,
3 Ni50−xCuxMn36In14 ¥, 1��^5�X Cu ¹
þ�O\O�. `²3 Cu ��^e, �5Ü©�
c^ÍÜ� Mn �fC¤
c^ÍÜ. c¡� X �
�û�©ÛL², Cu ��Ü© Ni �, é1��¬�
K�é�, `² Mn �m����p�^�CzØ
´du Mn �f�må�CzÚå�, ´du Cu
O� Ni UC
 3d >f, lUC
>f�m��
��p�^.
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ã 4 Ni50−xCuxMn36In14 õ¬�¬3 20 kOe |�^e� M -
T ü§�

Stearns JÑ5 Heusler Ü7 X2MnZ �^5d
na���^5�� [17]: (1) s >fÚÛ�� dl >
f�mÏL¥Õ��Ú,zÚå� s-dl ���^;
(2) Û�� dl >fÚÑi� di >f�m����
^; (3) Ó3 Z  � sp �fÚ Mn �f�m���
��^. Ù¥, 3c^5 Heusler Ü7¥, Û�� dl

>fÚÑi� di >f�m����^åÌ��^,
3�c^5 Heusler Ü7¥, s-dl ���^Ú�
���^åÌ��^. ^ Cu 5O�Ü© Ni, sp �
f�´ In �f, Ïd sp �fÚ Mn �f�m��
���^UCØ�. c¡®²�Ñ, ^ Cu 5O�
Ü© Ni �, di �ê8�~�, dl >fêO\. �
Ò´`, Cu �Ú\, UC
Û�� dl >fÚÑi
� di >f�m����^±9 s-dl ���^, �
�1�G�e�Ú^zrÝ�Cz. �X Cu �O
\, 1��^zrÝO�, ^5ÅìOr, `² dl >
fÚ di >f�m����^ÅìÓÌ�/ . 3
ïÄ Pd2MnIn[22] Ú Pd2MnAl[23] Ü7�, Ò*	�

aq�y�. ^ Cu O�Ü© Pd, 3,���.
¤©�¬¦�c^5� Pd2MnIn, Pd2MnAl C¤c
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^5� (Pd1−xCux)2MnIn Ú (Pd1−xCux)2MnAl. é
^5/GPÁÜ7 Ni2MnGa �1�5�nO�L
² [24], u)ê¼N�C�, (��Cz¬Úå 3d
>f�#©�, ØÓ Cu ¹þ��¬, >f�#
©�G��UØ��, ÏdÚå����^UUC
ØÓ, �� Cu ¹þO\��½§Ý�,ê¼N�d
�c^5C¤
c^5.
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ã 5 Ni45.5Cu4.5Mn36In14 õ¬�¬ØÓ§Ýe� M -H�

ã 5 �Ñ
 Ni45.5Cu4.5Mn36In14 õ¬�¬Ø
Ó§Ýe� M -H �. §Ýl$§�p§Åì
Cz�. 272 K Ú 284 K ��©OéA$�Ú

^zrÝ�ê¼N�Úp�Ú^zrÝ�1�.
3 272—284 K �m, u)
d^|pu�ê¼N
�c¼N�_�C. ù�5��uy, V«
ù«
á��¬�3�^>{Ú�^�C�5�.

4 ( Ø

3 Ni50−xCuxMn36In14 ¥, �X Cu ¹þ�O
\, �C§ÝÅìü$. ùÌ�´�X Cu ¹þ
�O\, �>>fßÝü$���. � Cu ¹þ$
u 5%�, 1��^5ruê¼N�^5, ü��m
^zrÝ��� ∆M �X Cu ¹þ�O\O�.
� Cu ¹þ x = 4.5 �, ∆M ×�O\� 80 emu/g,
¿3Tá�¥*	�
^|°Ä�ê¼N�c
¼N�=C, w«
Tá���^|°Ä, ^>
{Ú^�Cá��d3A^cµ. � Cu ¹þp
u 5%�,ê¼N��^5��Or, ¿ruc¼N
�^5. ^5�CzÌ�8(� Cu O� Ni Úå
� s-dl Ú dl-di >f�m����^Cz. �X Cu
¹þ�O\, dl-di >f�m����^ÅìÓÌ�
/ .
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The influence of Cu on the magnetic and martensitic
transformation properties of Ni50Mn36In14
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Abstract

In this paper, we investigate the magnetic and martensitic transformation properties of Cu doping partial Ni in Ni50Mn36In14 alloy.

It is found that the critical temperature of the martensitic transformation decreases with Cu concentration x in Ni50−xCuxMn36In14

increases. While Cu concentration is less than 5% at., the magnetization of austenite phase is stronger than that of martensite phase, and

∆M of magnetization martensite and austenite increases with Cu doping. ∆M increases rapidly to 80 emu/g when x = 4.5 and a field-

induced transformation is observed in this alloy, predicting the application potential as the magnetic actuation and magnetoresistance

materials. As Cu content increases to x > 5, the magnetization of austenite becomes weaker than that of martnensite, ∆M decreases

to near zero.
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