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Table 1 Interaction parameters of paramagnetic thermal

expansion coefficient of Ni-Fe alloys

Phase Parameter
OpR = R =9.74+8.88x10° T —2.00x107 T
Ofrm = P = 14.06+9.67x107°T —2.58x107° T2
o =.9.588-0.117T+0.016T In(T)

Ni,Fe

' =12.031-0.7717 +0.1057T In(T)

2 = 328.113-4.921T +0.6617 In(T)
L. =496.719 - 6.051T +0.8057 In(T)
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Fig.3 Comparisons of Curie temperature 7c between calculated

and experimental results??” of Ni-Fe (fcc) alloys
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Table 2 Optimized parameters of magnetic thermal expansion

coefficient of Ni-Fe alloys

Parameter "Iyg Parameter "Iip
°7% =-201.000 °7f =-11.000
O7% = +639.668 OIf =+1.935
. Ol . =+2223.530 . OTE . = +4.245
C Uk, =-659.447 UL = —5.346
2l =—1936.340 2k = 42,187
1. =-1330.500

NiFe
°I1 = —46.000
o =+12.814
I = +74.297 I e = +564.507
e =-293.692 I =-1459.840
I =—1538.990 21 e =-3988.920

i =-1490.610 I v =—3278.700

o1, = 260.000
oI = +17.993

m
Ni,Fe
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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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