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Abstract  

The L21-structure Fe2AlTi intermetallic compound is one of the two phases identified in Fe-Al-Ti superalloy 

nanocomposites. Experimental data related to low-temperature magnetic properties of this Heusler compound 
indicate that magnetic moment is about 0.1 Bohr magneton per formula unit. In contrast, previous quantum-

mechanical calculations predicted Fe2AlTi to have much higher magnetic moment, 0.9 Bohr magneton per 
formula unit. In order to solve this discrepancy between the theory and experiment we have performed a series 

of quantum-mechanical fix-spin-moment calculations and compared our results with those for non-magnetic 
state. It turns out that the total energy of the non-magnetic state is only by 10.73 meV/atom higher than that of 

the magnetic state. When applying Boltzmann statistics to this very small energy difference we predict that the 
non-magnetic state appears at non-zero temperatures with significant probabilities (for instance, 22.36 % at T 

= 100 K) and reduces the overall magnetic moment. As another mechanism lowering the magnetization we 
studied selected shape deformations, in particular trigonal shearing. Fe2AlTi exhibits a compression-tension 

asymmetry with respect to these strains and, for example, the strain ε = −0.08 destabilizes the spin-polarized 
state, leaving the non-magnetic state as the only stable one.   
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1. INTRODUCTION  

The Heusler L21-structure compounds are one of the most important classes of ternaries with magnetic order 
providing a wealth of not only structural but also functional properties. In particular Fe2AlTi compound appears 

as one of the phases in Fe-Al-based superalloys (see, e.g., Refs. [1-4]). Interestingly, there is a long-lasting 
controversy between theoretical results and experimental data related to this material. For example, Shreder 

and co-workers [5] used Local (Spin) Density Approximation (LDA) and Linear muffin-tin orbital (LMTO) 
method to study magnetic state of Fe2AlTi and predicted this compound to have the magnetic moment of 0.9 

µB per formula unit in contrast to the experimental value of 0.1 µB per formula unit which they detected. Their 
experimental value is also very close to that reported by Buschow and van Engen [6] whose magnetic 

measurements resulted in the value of 0.11 µB per formula unit at T = 4.2 K. Theoretical calculations thus 

predict the low-temperature value of the magnetic moment nearly one order of magnitude higher than 
experiments. In order to address this discrepancy between theory and experiments, we employ fixed-spin 

moment (FSM) calculations to study properties of different magnetic states of Fe2AlTi. The FSM approach [7,8] 
allows to keep the total magnetic moment of our computational supercell constant and equal to a pre-selected 

value while local magnetic moments are free to change (given the overall global constraint). A dependence of 
a number of properties on the total magnetic moment can be then studied (see, e.g., Refs. [9-14]).  
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Figure 1 Schematic visualization of a cube-shape 16-atom supercell of Fe2AlTi with four formula units used 

in our calculations 

2. COMPUTATIONAL METHODOLOGY  

Our first-principles calculations were performed within the framework of density functional theory [15,16] using 
the Vienna Ab initio Simulation Package (VASP) [17, 18] and projector augmented wave pseudopotentials 
[19,20]. The exchange and correlation energy was treated in the generalized gradient approximation as 
parametrized by Perdew and Wang [21] using the Vosko-Wilk-Nusair correction [22]. We used a plane-wave 
energy cut-off of 500 eV with a 20x20x20 Monkhorst-Pack k-point mesh in the case of a cube-shape 16-atom 
supercell (the product of the number of atoms in the cell and the total number of k-points being 128 000) 
containing 4 formula units of Fe2AlTi (see Figure 1).  

Our fixed-spin moment (FSM) calculations were performed with muffin-tin radii of 1.402 Å, 1.302 Å, 1.302 Å in 
the case of Al, Ti and Fe atoms, respectively. When fixing the total magnetic moment of the computational cell, 
all local magnetic moments were initially oriented in a parallel manner (a ferromagnetic state). These starting 

local magnetic moments of Al and Ti atoms were 0.01 µB while those of Fe atoms had initially the value equal 
to the value of the total fixed-spin moment of the computational cell divided by the number of Fe atoms in the 
cell.  

3. RESULTS  

Figure 2 summarizes energies, lattice parameters as well as local magnetic moments of Fe and Ti atoms 
computed for Fe2AlTi with the L21 structure as functions of the value of the fixed-spin moment (FSM) per 
formula unit (µB/f.u.). As visualized in Figure 2a and magnified in Figure 2b, the lowest energy is predicted for 

a state with the FSM of 0.925 µB/f.u. when the local magnetic moment of Fe and Ti atoms are 0.611 and -

0.279 µB/atom, respectively (the negative sign meaning an anti-parallel orientation, i.e. a ferrimagnetic state). 

Our predicted values are in an excellent agreement with those of 0.95 µB/f.u, 0.67 µB/atom and -0.28 µB/atom) 
published by Fecher and co-authors [23].   

Figure 2b shows how the lattice parameter of our cube-shaped 16-atom supercell monotonously increases 
with increasing fixed-spin moment. The lowest energy state is predicted to have the lattice parameter of 
5.8178 A (for the cubic 16-atom supercell - Figure 1) in agreement with 5.879 A reported by Fecher and co-
authors [23] as well as with the experimental values of 5.879 A reported by Buschow and van Engen [6] and 
of 5.858 A published in Ref. [5]. 
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Figure 2 Computed dependences of (a) the total energy (in eV/atom with respect to the lowest obtained 
energy), (b) a 16-atom supercell lattice parameter (in Å) and local magnetic moments of Fe (c) and Ti atoms 

(d) as functions of the fixed-spin value of the total magnetic moment per formula unit (µB/f.u.) of Fe2AlTi with 
the L21 structure 

A qualitatively similar increase is exhibited also by absolute values of the local magnetic moments of Fe and 
Ti atoms (see parts (c) and (d) of Figure 2) with the latter being anti-parallel to the former and, therefore, 
visualized as negative values in Figure 2d. Aluminium atoms (not shown) are predicted to have local magnetic 

moments anti-parallel to those of Fe atoms but lower than 0.02 µB/atom within the whole range of studied FSM 
values, i.e. within our computational error bar, and therefore they are considered as non-magnetic.  

Our calculations predict local magnetic moments of Ti atoms to exhibit an interesting feature for the states 
around the lowest-energy state (see Figure 2d). The slope of the curve of the local magnetic moments 

decreases prior to reaching the state with the lowest energy and starts to decrease again more sharply only 

for the states with the FSM higher than about 1 µB per formula unit. For these values of the FSM, local magnetic 
moments of Fe atoms show a much less pronounced deviation from a simple increasing trend (see Figure 2c). 

Therefore, the existence of the minimum of the total energy seems to be closely related to Ti atoms. 
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Table 1 Quantum-mechanically calculated parameters of the lowest-energy ferrimagnetic state and the non- 
   magnetic state: the energy difference with respect to the lowest-energy ferrimagnetic state (in  
   meV/atom), equilibrium lattice parameter of 16-atom computational supercell (in Å), the total fixed- 
   spin magnetic moment per formula unit (f.u.) and local magnetic moments of Fe and Ti atoms.  
   Selected results are compared with ab initio calculations and experimental data from Ref. [5]. 

Fe2AlTi state Energy difference ∆E 
(meV/atom) wrt. the 
lowest-energy state 

16-atom cell 
lattice 

parameter [Å] 

Total fixed-spin-
moment [µB/f.u.] 

Local atomic 
moment of Fe 

[µB/f.u.] 

Local atomic 
moment of Ti 

[µB/f.u.] 

ferrimagnetic 0 5.8179 0.925;  

0.95 [5]  

Exp.: 0.1 [5] 

0.611 -0.279 

non-magnetic 10.73 5.8108 0 0 0 

When analyzing our results, it is particularly striking how small is the energy difference between the 
ferromagnetic lowest-energy state and the non-magnetic one. Considering both as two possible states and 

applying Boltzmann statistics we predict that, for example, at T = 100 K, 22.36 % of the measured sample will 
be in a non-magnetic state, reducing thus the overall magnetization.   

As another mechanism which can lower the overall magnetization we studied shape deformations. In particular 
we simulated a shear deformation lowering the cubic symmetry of the Fe2AlTi to a trigonal one by changing 

the cell vectors from the original ones (1,0,0), (0,1,0), (0,0,1) to (1, ε, ε), (ε,1, ε), (ε,ε,1). Figure 3 shows the 

computed energies as functions of the fixed-spin value of the total magnetic moment per formula unit (µB/f.u.) 

of Fe2AlTi for ε = 0.08 (Figure 3a) and ε = -0.08 (Figure 3b). Importantly, for the latter case we do not have 

any energy minimum for any non-zero FSM state and the non-magnetic state is the only stable one. We thus 
show that Fe2AlTi exhibits a tension-compression asymmetry with respect to trigonal deformations and the 

negative strain of ε = -0.08 destabilizes the ferrimagnetic state of Fe2AlTi in favor of the non-magnetic state. 
Therefore, if these trigonal strains appear in the sample, the strain-induced phase transition from ferrimagnetic 

to non-magnetic state can reduce the overall magnetization detected in experiments.  

 

Figure 3 Computed dependences of the total energy (in eV/atom with respect to the lowest obtained energy) 

for trigonal deformation with the strain of ε = 0.08 (a) and ε = -0.08 (b) as functions of the fixed-spin value of 

the total magnetic moment per formula unit (µB/f.u.) of Fe2AlTi 
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4. CONCLUSIONS  

We have employed quantum-mechanical calculations to address a long-lasting discrepancy between 
computed and measured value of the magnetic moment in Heusler compound Fe2AlTi at low temperatures. 
Using the fixed-spin-moment (FSM) approach we determined the total energy for a set of different states of 
Fe2AlTi including the non-magnetic one. In agreement with previous ab initio calculations we predict the lowest 

energy state to be ferrimagnetic with the FSM of 0.925 µB per formula unit when the local magnetic moment 

of Fe and Ti atoms are 0.611 and -0.279 µB/atom, respectively (the negative sign meaning an anti-parallel 
orientation, i.e. a ferrimagnetic state). As the main result we identify two mechanisms which may be responsible 

for a lower value of magnetic moment determined in experiment, which amounts only to about 0.1 µB per 
formula unit. Namely, we demonstrate that the total energy of the non-magnetic state is only by 10.73 
meV/atom higher than that of the lowest-energy spin-polarized state. When employing Boltzmann statistics, it 
turns out that, for instance, 22.36 % of the sample will be in a non-magnetic state at temperature of 100 K. 
Further, we show that Fe2AlTi compound exhibits tension-compression asymmetry with respect to trigonal 

deformation. In particular, the trigonal strain of ε = -0.08 destabilizes the ferrimagnetic lowest-energy state in 
favor of the non-magnetic one, i.e. the non-magnetic state becomes the only stable one. Therefore, if these 
trigonal strains appear in experimental samples, the strain-induced phase transition from ferrimagnetic to non-
magnetic state can reduce the overall magnetization detected in experiments. In future we plan to extend our 
study to other shape deformations (see, e.g., Refs. [24-36]) and prediction of elastic properties of samples 
containing both spin-polarized and non-magnetic states with their specific elastic properties (for multi-phase 
homogenization techniques see, for example, Ref. [37]).  
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