Investigations on the magnetic properties of the RFe ,Ti (R = Y, Gd and Pr) alloys by
2r, Co and C doping
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Abstract:

We present theoretical investigations on the electronic and magnetic properties of the RFe, ,Co, TiC, and R Zr) [Fe;;Ti (R=Y and Pr; y =0-0.2; x =0 -3, z=and 1) alloys describing the dependence of the magnetic properties (magnetic moments, magneto-crystalline anisotropy, exchange-coupling parameters)
on the R/Zr and Fe/Co ratios. The Co for Fe doping in YFe, ,Co,Ti maximize the calculated total magnetic moment and magnetocrystalline anisotropy energy (MAE) for x = 1. Also, for the YFe,, TiC alloy an improvement of the magnetic properties (total magnetic moment, MAE) important for permanent magnets
applications was found, in agreement with the experimental findings. The calculated exchange-coupling parameters for the first neighbours of each Fe site (8i, 8/ and 8f) show an increase by increasing the Co content or by adding C in the interstitial 25 sites, suggesting higher Curie temperatures for Co and C doped

YFe,, Ti-based alloys. On the other hand, the Zr for Y substitution in Y, Zr, Fe, Ti (y = 0 - 0.2) increases MAE without a noticeable decrease of the calculated total magnetic moment. Also, the Fe 8/ -Fe §j and Fe 8i -Fe 8f exchange coupling parameters J;; with first neighbours decrease by Zr doping, in contrast to J;;s

of the other Fe spin pairs which show opposite trend. The experimental measurements are in progress to test the theoretical findings.

Introduction: Theoretical details:

The R-T intermetallic compounds (R-rare earth, T- transition metal) have been studied last decades due to their magnetic properties compatible with the

permanent magnet requirements. Their sublattices are responsible for magnetic properties, the enhanced anisotropy being associated with the R-sublattice, Electronic band structure calculations have been done in the framework of the Density Functional Theory [6] using the SPRKKR band structure

whilst the T-sublattice is usually associated with high magnetization. method. The method 1s based on the KKR-Green's function formalism that makes use of multiple scattering theory [7].

Between the R-T intermetallic compounds, the 1:12 compounds with general formula R(Fe,M),, have been intensely studied. The partial substitution of Fe * The fully relativistic approach has been employed, 1.e., all relativistic effects have been taken into account, including the spin-orbit coupling, for

with M (Ti, V, Cr, Mo, W or Al) has been used to stabilize the phase. The recent research has been directed to obtain low-cost magnetic materials by reducing ferromagnetic and antiferromagnetic spin configurations

the critical rare earth content [1]. In this direction, Y and Zr for R substitutions were employed in order to decrease the rare-earth content and in several cases

The angular momentum expansion of the basis functions was taken up to / = 3 for rare earth elements and / = 2 for Fe, Co, Zr and T.

the initial magnetic properties were preserved. * The exchange and correlation effects have been accounted for by means of the generalized gradient approximation with the parametrization of

Moreover, the partial Co for Fe substitution has been employed in Sm(Fe,Ti1),,[2] in order to increase the magnetization of the samples and to enhance Perdew et al. (GGA-PBE) [8].

their Curie temperatures. By simultaneous Zr for Sm and Co for Fe substitutions, the phase with (Sm,, (Zr, ,)(Fe;-5C0,55); 511, 5 composition showed superior +  The substitutional disorder in the system has been treated within the Coherent Potential Approximation (CPA) theory [10].

magnetic properties at high temperatures to those of Nd,Fe ;B [3]. *  Full potential approach has been used for self-consistent band structure calculations.

Adverse effects have been reported too, as for CeFe,Co,Ti, where the low value of coercivity do not recommend these compounds for permanent magnet Additionally, the study of the magnetic anisotropy has been performed by calculating the magnetic torque acting on the magnetic moment m; of the

applications [4]. Other possible method to enhance coercivity and magnetization of R(Fe,M),, 1s the light elements (H, B, C) interstitial addition [4]. atomic site i, with a unit vector & = /|7 oriented along the magnetization direction M [11,12]. As the component of the magnetic torque with

Another route to build lower costs permanent magnets is by the replacement of expensive rare earth elements (as Sm and Nd) with less expensive Ce. For respect to axis 4 defined by the polar angles @and @ is T5(8, @) = —2 E(AT(Q» ©))/08, the calculated magnetic torque is Ty (7r/4,0) = Ef1001 — Ejoon]

example, in (Sm, Zr)Fe,,_ M, (M = Zr, Ti, Co) compounds, electron doping due to Zr and Ce for Sm substitution can be exploited to gain both structure [12].
stability and magnetization [5]. Both of these happens because of the particular electronic structure with the hybridization between the 3d-electron band from By classical Heisenberg Hamiltonian described by the expression:
the Fe sublattices and the 5d-electron band from the rare-earth sublattice [5].
o . . o . H., = — i€ €]
In the present paper we present our investigations on the magnetic properties by Co, Zr and C doping in RFe,, Ti-based alloys (R =Y, Pr). The calculated ex J =t 7
: . : : : . L]

total magnetic moments, MAE and the exchange coupling parameters are analysed in order to propose for subsequent experimental investigations those with the summation performed on all lattice sites i and j and €;, &; — the unit vectors of magnetic moments on sites i and j, respectively. The J;; is the
substitutions which would enhance the magnetization, MAE and Curie temperature, respectively. exchange coupling parameter for the corresponding magnetic moments calculated using the expression of Liechtenstein [13] based on the magnetic

force theorem.
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* By Ti for Fe substitution, the Ti atoms occupy preferentially the 8i sites [14]. 81

* The Co atoms occupy preferentially sites in the sequence 87 > 8f > 8i [4].
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The interstitial dopants (H, C and B) sit on the 2b sites [4, 14]. 20

Figure 1. The exchange coupling parameters Jij between Fe spins from &7, 8/ and &f sites for YFe,; ,Co,Ti and Rerl_yFeHTi (y =0.2) alloys, with Fe
ThMn,, structure (space group [4/mmm) 8i(a bandc), [ © 77 1 > 1T 000N iha avinin
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-0.36 - -0.36 0.00 Figure 2. The exchange coupling parameters J; between Co spins (at the origin) from &; sites and Fe and Co spins of neighbouring atoms, for
YF Ti(x=0 -3).
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Table 1. Calculated magnetic moments (in Bohr magnetons pp) for the YFe,; ,Co,Ti, YFe TiC and Y, Zr Fe, Ti (z = 0.1, 0.2) alloys.
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Table 2. Calculated magnetic moments (in Bohr magnetons pp) for the GdFe,, ,Co,Ti, GdFe, TiC and Gd, ,Zr Fe,, Ti (z= 0.1, 0.2) alloys. Conclusions
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10 0.02 1.0 -0.02 Pr) alloys, aiming to obtain rare-earth free permanent magnets with enhanced magneto-crystalline anisotropy (MAE) and higher magnetization.

1 L . L5 a2 According to this study:
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* The Co for Fe doping in YFe,, ,Co, Ti maximize the calculated total magnetic moment and magnetocrystalline anisotropy energy (MAE) for x
=1

* The calculated exchange-coupling parameters for the first neighbours of each Fe site (8i, 8§ and 8f) show an increase by increasing the Co
content or by adding C 1n the interstitial 2b sites, suggesting higher Curie temperatures for Co and C doped YFe,, Ti-based alloys

* The Zr for Y substitution in Y Zr, /Fe,; Ti (y = 0 - 0.2) increases MAE without a noticeable decrease of the calculated total magnetic moment

* The Fe 8i -Fe §j and Fe &i -Fe 8f exchange coupling parameters J;; with first neighbours decrease by Zr doping, in contrast to J;s of the other

(meV meV)

Table 3. Calculated magnetic moments (in Bohr magnetons pg) and MAE for the PrFe,, ,Co,Ti and Pr,  Zr Fe,  Ti (z = 0.1, 0.2) alloys. Fe spin pairs which show opposite trend
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 One has to notice a change in the magnetic moments sequence due to C addition for both R=Y, Gd, which become m£¢(8i) > mk¢ (8) > m}
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