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In the Nd-Fe-B permanent magnet materials, several elements such as C, B, Cu, Dy, etc. are added

to the system to improve the properties of the materials. Experimentally determined the phases in

the multicomponent systems is very difficult and costly. With the help of CALPHAD-type thermo-

dynamic model[1], it is possible to predict the phases stabilities in such a complex multicomponent

systems. However, to predict the phase diagrams accuately in those multicomponent systems, the

highly reliable thermodynamic databases of the lower ordered systems (binary, ternary, quarternary,

...) are required. There are very limited thermodynamic database for the Nd-Fe-B ternary systems

and even less for the higher ordered systems. First-principles calculations are proving to become more

and more useful for providing the thermodynamic data where experiments are insufficient or impossi-

ble to be carried out. In this work, we performed first-principles calculations on several solid solution

phases in the Cu-Dy, Cu-Fe, Cu-Nd, Dy-Fe, Dy-Nd, Fe-Nd, and Nd-O binary system to the mixing

enthalpy which will provide valuable information for the construction of thermodynamic database

via CALPHAD approach, as well as reveal the essential features of these binary systems from the

electronic structures. Electronic structures calculations based on density functional theory (DFT)

are performed using Vienna Ab-initio Simulation Package (VASP)[2] with projector augmented-wave

method (PAW) and generalized gradient approximation (GGA) that describe the exchange and cor-

relation energies are used for the calculations. Cluster expansion which is used for calculate mixing

enthalpy is performed using Alloy Theoretic Automated Toolkit (ATAT)[3].

Table 1: Calculated binary system related to Nd-Fe-B
Nd Fe B Dy Cu O

Nd ♦ © ♦ ♦ ♦
Fe © ♦ ♦ ©
B × © ×

Dy × N/A ♦ ×
Cu © Available ©
O ♦ This Work
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