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The impurities in the Nd-Fe-B permanent magnet materials play important role in coercivity en-

hancement. The element such as oxygen or copper can greatly improve the properties of the Nd-Fe-B

magnet. It is found that a disordered NdOx-fcc phase formed at the interface between Nd-rich and

Nd2Fe14B phases[1] which believed to enhance the coercivity. Also adding small amount of copper

also give a similar effect. In order to understand the effect of these two elements to the Nd-Fe-B

magnet, first-principles calculations that based on density functional theory coupled with cluster

expansion method are performed to investigate the ground state structures of disordered NdOx-fcc

phase. Oxygen vacancy formation energy and copper formation energy in related structures are also

calculated. Vienna Ab-initio Simulation Package (VASP) with projector augmented-wave method

(PAW) and generalized gradient approximation (GGA) that described the exchange and correlation

energies are used. The LDA+U method that incorporated and on site Coulomb interaction, Hubbard

U term has been applied. Cluster expansion is performed using Alloy Theoretic Automated Toolkit

(ATAT)[2].

Figure 1 shows that it is possible for NdOx-fcc phase to have oxygen deficiency while other struc-

tures are unlikely. Table 1 shows the calculated formation energy for several Cu-doped structures.

Although, the formation of energy of Cu in Nd-dhcp structure is positive but still relatively small

which indicates that there is a possibility of Cu solubility in Nd-dhcp phase. The formation energy

of Cu in NdO-ZnS structure is the only case that lower than un-doped structure. Thus, it is also

possible to have Cu soluble in NdO-ZnS structure.
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Figure 1: Formation energy of NdOx

Structures
Formation energy, eV/atom

Perfect Cu-doped
Nd-dhcp 0 0.037
NdO-B1 -2.699 -2.575
NdO-ZnS -2.496 -2.565

Nd2O3-hP5 -3.306(-3.76∗) -3.063
Nd2O3-cl80 -3.299

8a -3.085
24d -3.080

Table 1: Formation energy of Cu-doped


