
� 38� � 8� ��������	                               Vol.38, No.8

2009�      8�                        RARE METAL MATERIALS AND ENGINEERING           August 2009

�������2008-07-26���	
����2009-05-09

�������	
���50601009�

�����������1975��������������� �!"
�#�$�%�&'( ��� 150001�)*+0451-84618745�

E-mail: sma@hit.edu.cn

Co �� Ni-Mn-Ga ������	


������

���

1

����

1

�� 	

2

�
 �

1

(1. ����� ��&'( ��� 150001)

(2. ,-./012345�67�89:;<=>?@A�BC -. 110043)

� ��DE�FGHIJKLM�NOKPQRSTU�VWXYZ Co [\] Ni-Mn-Ga ^_`abcdMef

GHghMijkl�m0X Co]nopqrsE5KtVW@0�u Covwxy�z{M Co3d-Mn3dZ|}?X

Ni3d-Mn3dZ|�~�q��_���nopqr�H��tCoMy�] Ni-Mn-Ga-Co�qM����efGH��

�8ij��0��r����efGHt

����Ni-Mn-Gad��N_OK�nopqr�^qr

�������TG139

+

.6�TB381 �� !"�A �#$��1002-185X(2009)08-1426-03

� Ni-Mn-Ga �������	
�����

����	��������������� !"

#$%�&'()*+,-./*01�23'4�

5678,9:;<=>��?@A?��B�CD

E�,-.*FG,H1I Ni-Mn-Ga ����J

KCL()

[1~4]

@V. V. Khovailo2M

[5,6]

�"#�N*

?OP� Co(<5.8at%)Q� Ni R�STUV.W�@

XY D. Y. Cong2

[7]

"#�N*Z Co[P\]*^_

`a�V.b/*TUV.�c.W�@d Co �

14at%e*TUV.�f 519 K*ghJK�V�	


�����ijklm@no*pqrs�N*?

OP� CoQ� Ni\]8���pq-.@tuhv

Co� Ni-Mn-Ga���i�P<s"#*+w���

xy�z]h Ni-Mn-Ga ��^_`a��	a�{

��|}~7����@)���*Ni-Mn-Ga���

^_`a�V.����������.(��9�

sw�*� e/a��*^_`a�V.��

[8]

@+I�

��sw������?*������8����

.h��� �{�*¡����xyh�¢£.

¤density of states, DOS¥�F�@�n*^_`a�

V.��B��¦§5¨���.�B©ª«¬�2

�®¯°±²@ 

³´µ?¶)�·�¸¹ºD*¨�P���

»¼½."#8��xy Coh Ni-Mn-Ga��^_`

a�{��|}~7@ 

��������

��

�

¾¿µ?À�£.ÁÂ·Ã��¸¹ºCD@

ÄÅ CASTEP ÆÇ<È@¹º� Vanderbilt ÉÊÆ¹

º*ËÌwÍ�µ?ÎmÏ.YÐ(GGA)>� Perdew- 

Burke-Ernzerhof 
Ñ*h��µ?ÒÓ4BÔ·@µ

?hÕÖ×ÇØÙÚÛ�ÊÆ¹ºÜ��¸ÀÝ*

?ÒÞß�DØÙ¾¿@¾¿e*µ?»� Broyden- 

Flecher-Goldfarb-Shanno (BFGS) àáÏ.D� Pulay

£.â�CãÔ·��ÚÛ@ÒÞ¾¿äå×Ç�æ¯

ß�(���Pçè� 1.0é10

-5 

eV/atom*êçëì©

æí����î©�îëçïðè� 1.0é10

-4

 nm*3.0

é10

-1 

eV/nm� 5.0é10

-2 

GPa@�¸ñò�P� 300 

eV*óUôõ�öïµ? Monkhorst-Pack 
Ñ�÷ø

K'D*Monkhorst-Packùú�÷ø K'Q� 8é8é8@ 

���Co �	
������� 

û 1 üý8 Ni

50-x

Mn

25

Ga

25

Co

x

 (x=0, 6.25, 12.5, 

18.75) ��� Ni

2

MnGaþa�
�&ç� Co[P�

w���@�ûR�*Z Co [P\]*Ni

50-x

Mn

25

- 

Ga

25

Co

x

���þa
�&çb/*�Nþa��1\

-@h�^_`a�*þa���*Ö^_`a��

��J�*^_`a�V.�/@��»��N*Co  



� 8�                          ����+Coij Ni-Mn-GadnopqrM�N_OKg�                      �1427� 

 

 

 

 

 

 

 

 

 

 

� 1  Ni

50-x

Mn

25

Ga

25

Co

x

d# Ni

2

MnGa�q`��� 

# CovwM�� 

Fig.1  Formation heat difference between Ni

50-x

Mn

25

Ga

25

Co

x

 

alloy and Ni

2

MnGa parent phase as a function of Co 

content 

 

Q� Ni b/ Ni

2

MnGa �^_`a�V.*�<s»

�)	

[7]

@ 

¨�¢£.�R�
ü Co Q� Ni S Ni

2

MnGa

þa���|}~7@û 2� Ni

50-x

Mn

25

Ga

25

Co

x

 (x=0, 

6.25, 12.5, 18.75) ���þa���¢£.@�ûR

�*Ni

50-x

Mn

25

Ga

25

Co

x

���¢£.� Ni

2

MnGa ��

aÐ�ÒÓL���¢£.����� ��*Ò

ÓL���¢£.�ïó���� �������

�@Cov��kF�8��� �Y��¢£.*�

h� Ni-Mn-Ga `�°�*��� �Y��¢£. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  Ni

50-x

Mn

25

Ga

25

Co

x

d#�q�efGH 

Fig.2  Total DOS of Ni

50-x

Mn

25

Ga

25

Co

x

 alloy and Ni

2

MnGa 

parent phase: (a) Ni

2

MnGa, (b) 6.25at%Co, 

(c) 12.5at% Co and (d) 18.75at% Co 

�^_`a�©a��12i£�w�@�ûR�*

Ni-Mn-Ga ÒÓL���¢£.9��� �Yi)

�����*Z� Co [P\]*��� �Y��

��� !@d Co [P� 18.75at%e*��� Õ

"��#�Ô@ge*Ni

50-x

Mn

25

Ga

25

Co

x

��þa


�&$h�%X�@g<=�I&É�¹'(¬�@

¹'(¬��<)I9�*>
�8-+à�,*¨

�S»¼�-.��@ 

Ni

50-x

Mn

25

Ga

25

Co

x

��þa»¼���1/R�

��� Ô���¢£.�è°01@û 3 üý8�

�� ÔÒÓL��ÒÓL���¢£.� Co [P

�w���@¨û>N2R�*Ni

2

MnGa��3iÒ

ÓL��¢£.hv�xy�4��Z Co [P\

]*��� ÔÒÓL����¢£.�è56��7

���� ÔÒÓL����¢£.�� è@�N

Ni

50-x

Mn

25

Ga

25

Co

x

��þa��1��\-@ 

�8Ø)8ï9 Ni

50-x

Mn

25

Ga

25

Co

x

��>��	

:�; Co z]<=�þa��1\-~7�¹'(

¬�*� Ni

37.5

Mn

25

Ga

25

Co

12.5

���>*¾¿8,þ

a?��� 3dï¢£.*»�@û 4Aü@�ûR�*

h� Co � Ni*�B�ÒÓL�� 3d ¢aÐ*Co*

Ni � Mn �ÒÓL�� 3d ¢C����� ��*

�N 3d¢D��EFGH@9��� ��*Mn �

3d¢GH�öX�*Co 3d¢¯(*Ni 3d¢Xè*

IgJ¢C¡D��GH@KH�	1��'·Ã*

��	:��'>ÒÓL��ÒÓL��LMN�ç

O�*�n��¢£.RP*Mn ��	:X�*Co

�¯(*Ni �Xè@Qo*Ni � Co �ÒÓL� 3d

¢9��� ��i-��*� Mn�ÒÓL� 3d¢

9��� ��i-��*�N Ni (Co)� Mn � 3d

¢(�i-+��BÜ?*ÕIgR�BÜ?S�8 

 

 

 

 

 

 

 

 

 

 

� 3  ��e������ ����efGH# Covw 

M��¡¢ 

Fig.3  Majority- and minority-spin DOS at the Fermi level 

as a function of Co content 
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First-Principle Study on the Effect of Co Addition on the Martensitic Transformation 

of Ni-Mn-Ga Ferromagnetic Shape Memory Alloys 
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Abstract: The effect of Co addition on the density of states (DOS) distribution of Ni-Mn-Ga ferromagnetic shape memory alloys was 

investigated by first-principles plane-wave pseudo-potential method based on the density functional theory. The mechanism of effect of Co 

element on martensitic transformation of Ni-Mn-Ga alloy was clarified. Results show that with Co content increasing, more Co3d-Mn3d 

hybridization replaced Ni3d-Mn3d, improving parent phase stability and decreasing martensitic transformation temperature. In addition, it is 

noted that Co addition has little effect on majority-spin DOS of Ni-Mn-Ga-Co parent phase, but changes minority-spin DOS significantly. 

Key words: Ni-Mn-Ga alloy; first-principles theory; martensitic transformation; magnetic transition 
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