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When developing the third generation Calphad descriptions, new and revised models are needed for both unary and higher-ordered systems. The Einstein model is used to
describe the harmonic vibrational heat capacity. Magnetic ordering is described with the revised magnetic model which treats the Curie and the Néel temperatures individually.
The effective Bohr magnetons which can be obtained by local Bohr magnetons of components replace the average Bohr magnetons. The magnetic entropy is therefore described
differently. In the present work, we use the fcc phase in the unary Fe and the binary Fe-Ni systems to demonstrate the improvements in third generation Calphad descriptions
which have been developed using the new and revised models and considering the most recent experimental and theoretical information.

Modelling a magnetic phase in the 3rd generation Calphad
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Unary: modelling the magnetic properties of fcc Fe
• Correct magnetic properties used in SGTE?
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Precipitates: distorted lattice [4]

DFT: guaranteed symmetry [5]

𝑇𝑁 = 67 K, 𝛽 = 0.7 𝜇𝐵

𝑇𝑁 = 192 K, 𝛽 = 1.77 𝜇𝐵
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• Two magnetic states in fcc Fe?
More recent studies show:

The harmonic vibrational heat capacity, the Einstein
model, 𝜃𝐸 , the Einstein temperature
The electronic heat capacity & Cv to Cp correction
The anharmonic vibrational heat capacity
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- The magnetization is decreasing with increasing temperature [6]
- A large number of magnetic states depending sensitively on volumes [7]

The magnetic heat capacity, the IHJ model [2,3], magnetic
moment and magnetic transition temperature are
needed

• Additional contribution to thermodynamic properties?
At atmospheric pressure:
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𝑆𝑚𝑎𝑔 =8.40 J/mol,K in order to stabilise fcc Fe at 1185 K [8]
𝑆𝑚𝑎𝑔 =4.41 J/mol,K at 1185 K obtained from 𝑇𝑁 = 67 K, 𝛽 = 0.7 𝜇𝐵

By integration from Cp, G yields:
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The revised magnetic model in the 3rd generation Calphad
The IHJ model

𝑆𝑚𝑎𝑔 =8.47 J/mol,K at 1185 K obtained from 𝑇𝑁 = 192 K, 𝛽 = 1.77 𝜇𝐵

With correct 0 K magnetic properties, magnetic 2-state model is not
needed for fcc Fe.

Binary: modelling the magnetic properties of fcc in Fe-Ni

The IHX model [9]

Considering the solubility data of bcc/fcc
Using DFT calculated magnetic properties for fcc Fe:
𝑇𝑁 = 192 K, 𝛽 = 1.77 𝜇𝐵

Xiong et al. 2011 [10]

T0 crosses Ms, no driving force for martensitic transition.
The IHX model treats Curie and Néel temperatures separately.

T0 calculation has
been improved due to
the use of the new
magnetic properties of
fcc Fe

Considering the solubility data of bcc/fcc
Using the experimental magnetic properties for fcc Fe:
𝑇𝑁 = 67 K, 𝛽 = 0.7 𝜇𝐵
The solubility of Ni in the bcc phase
obtained from the most recent
experimental measurements [11] is
larger than the previous studies.

T0 is bent when crossing TC

The magnetic description is critical for T0
calculations.

Ms crosses T0: no driving
force for martensitic
transition – not true

The IHX model replaces the average with the effective magnetic moment which is
calculated from local magnetic moments to describe the magnetic entropy.

Considering these solubility data, T0 prediction can be improved.
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