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In the Nd-Fe-B permanent magnet materials, existing of small amount of copper can 
increases the coercivity which is very important property of the magnet. In order to 
understand the microscopic mechanism of the effect of appear on the properties of the 
Nd-Fe-B magnet, first-principles calculations based on density functional theory 
coupled with cluster expansion method are performed to investigate the phase 
stability in Cu-doped Nd and Nd-O system. 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. 
Cluster expansion is performed using Alloy Theoretic Automated Toolkit (ATAT)[1]. 

Table 1 shows the formation energy of several Cu-doped structures compare with 
their perfect structures. Although, the formation 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 lowers than un-doped structure. Thus, it is also possible to have Cu 
soluble in NdO-ZnS structure. 

Figure 1 shows the result of (Nd,Cu)O cluster expansion in ZnS structure which 
confirm that mixing between Cu and Nd in this structure is more stable thank NdO or 
CuO in ZnS structure. 
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                Figure 1: Cluster expansion result 

Table 1: Formation energy of Cu-doped

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 
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