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Fig.2  Comparisons of paramagnetic part of thermal expansion coefficient of Ni-Fe(fcc) between calculated and experimental results
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Fig.4  Comparison of calculated results and experimental data

[27]

 

of thermal expansion coefficient for Ni-Fe�fcc�alloys 

with different contents of Ni: (a) 49.96wt% Ni; (b) 

60.7wt% Ni; (c) 70.02wt% Ni; (d) 78.5wt% Ni; (e) 

89.6wt% Ni; (f) 100wt% Ni 

 

 

 

 

 

 

 

 

 

 

� 5  )*����+� Ni-Fe�� �������TEC� 

,-./0123��456 

Fig.5  2D surface of Ni-Fe binary alloy’s thermal expansion  

coefficient (TEC) calculated by established model 

 

:�1����%�yzo���-.��.�� �

�����.�� �7����.��	����

	���Iwx����	��9:uv!�z��

	���%��� ¡¢*���.�������

�� �<�0��	��£9�¤¥����	�

���! 

3  �  � 

1) �� CALPHADuv�{��¦§]�_3	

��¨©ª�����9:
��«� Ni-Fe -.�

	}~��78������w¬®}#¯°	


���! 

2) $
���±²�\] -^]_3³���

300´1200 K 01()* Ni-Fe -.��	����

�	9:«µ¶}~«µ�'·�! 

3) ���y#	�.��¨©ª�����

CALPHAD 
����� Ni-Fe ¸-.��¨©ª	

������� �<�.��¨©ª	��¹²�

º�� 	��»¼��½! 

 

����    References  

[1] Shi Changxu, Zhong Zengyong. Acta Metallurgica Sinica[J], 

2010, 46(11): 1281 

[2] Zhong Zhihong, Gu Yuefeng, Yuan Yong et al. Metallurgical 

& Materials Transactions A [J], 2014, 45(1): 343 

[3] Zhong Zhihong, Gu7Yuefeng, Yuan Yong et al. Materials 

Science & Engineering A [J], 2014, 622: 101 

[4] Seiji Kurata, Shigeki Ueta, Toshiharu Noda et al. 

DENKI-SEIKO [J], 2008, 79 (3): 239 

[5] Moruzzi V L, Janak J F. Physical Review B [J], 1988, 37(2): 

790 

[6] Zhang Bo, Li Xiaobo, Li Dan. Calphad-computer Coupling 

of Phase Diagrams & Thermochemistry [J], 2013, 43(43): 7 

[7] Shang S L, Saengdeejing A, Mei Z G et al. Computational 

Materials Science[J], 2010, 48(4): 813 

[8] Quong A. Physical Review B [J], 1997, 56(13): 7767 

[9] Nie Yaozhuang(89:). Thesis for Doctorate(;<=>)[D]. 

Changsha: Central South University, 2007 

[10] Shang Shun-Li, Wang Yi, Kim Dong-Eung et al. 

Computational Materials Science [J], 2010, 47(4): 1040 

[11] Wang Y, Liu Z K, Chen L Q. Acta Materialia [J], 2004, 52(9): 

2665 

[12] Ruban A V. Physical Review B [J], 2017, 95(17): 174 432 

[13] Schlosser W F. Journal of Physics and Chemistry of Solids 

[J], 1971, 32(5): 939 

[14] Wang Y, Shang S L, Zhang H et al. Philosophical Magazine 

Letters[J], 2010, 90(12): 851 

[15] Hao Shiming(?<@), Jiang Min(A B), Li Hongxiao(CD

X

Ni

 

α
/
�

1
0

-
6

K

-
1

 

T/K 

300 400 500 600 700 800 900 1000 1100

8

16

8

12

16

20

12

16

20

12

16

20

12

16

20

16

24

32

C
o
e
f
f
i
c
i
e
n
t
 
o
f
 
T

h
e
r
m

a
 
E

x
p
a
n
s
i
o
n
,
 
α
/
�

1
0

-
6

 
K

-
1

 

Temperature/K

c

a

b

  

Experimental data

[27]

 Calculated values

Paramagnetic values

  

  

f

e

d

  

  

 

 

 



�2878�                                        EF��GH#IJ                                             � 48K 

L). Material Thermodynamics, Version 2(GH�MN)[M].  

Beijing: Chemical Industry Press, 2010 

[16] Wang Cuiping(OPQ), Lin Mingna(R@S), Han Jiajia(T

UV) et al. Journal of Xiamen University, Natural Science 

Edition(WXYNNZ, [\]N^)[J], 2015, 54(2): 163 

[17] Redlich O, Kister A T. Journal of Chemical Physics[J], 1962, 

36(8): 2002 

[18] Li Yanrong(C_`). Introduction to Material Physics(GH

abNc=)[M]. Beijing: Tsinghua University Press, 2001 

[19] Hillert Jarl. Calphad [J], 1978, 2(3): 227 

[20] Touloukian Y S, Kirby R K, Taylor R E et al. 

Thermophysical Properties of Matter, Volume 12: Thermal 

Expansion Metallic Elements and Alloys[M]. New York: 

IFI-Plenum, 1975 

[21] Hezhi(d  e), Zhang Ruijie(fgh), Jie Wanqi(ijk). 

Non-ferrous Metals(Fl��)[J], 2006, 58(3): 51 

[22] Kresse G, Joubert D. Physical Review B[J], 1999, 59(3): 1758 

[23] Kresse G, Furthmüller J. Computational Materials Science 

[J], 1996, 6(1): 15 

[24] Blochl P E. Physical Review B [J], 1994, 50(24): 17 953 

[25] Perdew John P, Burke Kieron, Ernzerhof Matthias. Physical 

Review Letters[J], 1996, 77(18): 3865 

[26] Pack James D, Monkhorst Hendrik J. Physical Review B[J], 

1976, 16(4): 1748-9 

[27] Yasunori Tanji. Journal of the Physical Society of Japan[J], 

1971, 31(5): 1366 

[28] Xiong W, Zhang H, Vitos L et al. Acta Materialia[J], 2011, 

59(2): 521 

 

CALPHAD Model Calculation of Thermal Expansion Coefficient in Metal Solid 

Solution 

 

Ding Qi, Shi Zhan, Li Xiaofei, Han Jiajia, Xu Weiwei, Wang Cuiping, Liu Xingjun 

(Xiamen University, Xiamen 361005, China) 

 

Abstract: An important goal of materials genome initiative program is to build the calculation model and to establish the database of 

physical properties of the materials, aiming to shorten the development period of the materials, reduce the cost of research and 

development in material and accelerate the production of new material. Although the existing model has been available for the calculation 

of pure component’s thermal expansion coefficient, a proper model to deal with metal solid solution’s thermal expansion coefficient is still 

lacking. Here, based on the calculation of phase diagram method (CALPHAD method), a model of the thermal expansion coefficient of 

solid solution containing ferromagnetic-paramagnetic transition was constructed by modifying the traditional heat capacity model and 

adding extra magnetic item. The experimental data of Ni-Fe binary system were used to assess the model parameters by 

Levenberg-Marquardt method. The interaction parameters in the temperature range of 300~1200 K were obtained after the assessment. 

Using assessed parameters, the thermal expansion coefficient of Ni-Fe binary alloy were calculated. Results indicate the sharp peak around 

Curie’s temperature precisely. The height of the peak gradually decreased as increasing Fe content and the shape of the thermal expansion 

curve changed from a peak into a valley, which were in agreement with the experimental data. This model can precisely predict the thermal 

expansion coefficient of any Ni-Fe binary alloy when the Fe content is less than 50wt%. This work provided a general calculation model 

for the thermal expansion coefficient in metal solid solution, and obtained the basic CALPHAD database of thermal expansion coefficient 

for Ni-Fe binary system, which can provide theoretical guidance for the design of low-expansion superalloy and also pave the way to 

establish the physical properties database of multi-element metal solid solution in the future. 

Key words: thermal expansion coefficient; CALPHAD method; metal solid solution; Ni-Fe alloys 
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