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The Nd-Fe-B system has generated high inter-
est within both academic and industrial fields due
to its application as a base alloy for strong per-
manent magnetic materials, specifically the ternary
Nd2Fe14B compound. This has fueled much of the
research into the system, including in the construc-
tion of the phase diagram for Nd-Fe-B and its con-
stituent binary systems of Nd-B, Nd-Fe, and Fe-B
systems. The computational method CALPHAD
has been regularly used to assess the phase dia-
grams of various systems, with Nd-Fe-B ternary
phase diagrams having been studied in multiple past
works [1-4] utilizing most recent information avail-
able (Figure 1).

In order to obtain more information for con-
stituent phases, ab initio methods provide a lot of
potential for use in CALPHAD due to its reliabil-
ity and cost-effectiveness particularly compared to
empirical measurements. Density Functional The-
ory (DFT) is generally used in order to investigate
material properties pertaining to Gibbs energy mod-
elling within CALPHAD, as an alternative to em-
pirical measurements. Incorporating the Hubbard
U correction to account for the strong correlation
within these compounds, we have obtained such
thermodynamic properties as enthalpies of forma-
tion and specific heat in constant pressure (Cp), as
seen in Figure 2 for NdB6.

We also see potential in the Quantum Monte
Carlo (QMC) method in taking into account dy-
namic electronic correlation within certain classes
of materials, such as Mott insulators or 3d/4 f mate-
rials. These classes of materials are notoriously dif-
ficult to investigate with DFT as the electronic cor-
relation is included within the exchange-correlation
functionals, and are well-known to be poorly de-
scribed with conventional functionals such as LDA
and GGA. QMC can potentially answer the need

for a reliable method of investigating strongly cor-
related systems such as rare-earth alloys in the Nd-
Fe-B system. We present our work with the Nd-
B binary system using DFT-CALPHAD framework
with Hubbard U corrections, as well as our inves-
tigation into establishing QMC-CALPHAD frame-
work.

Figure 1: Nd-B phase diagram from CALPHAD assessment [4]
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Figure 2: NdB6 calculated specific heat (DFT)
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