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Fig. 1. Crystal structures of SmCos (a) and SmgCoysM with
M occupied (b) 30 site, (c) 6¢ and (d) 18 site.
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Fig. 2. Substitution energy of the doping element at 3b, 6¢
and 18h sites, the insert shows the substitution energy of
SmyCoqssM with different elements at the preferential site.
The red dashed line in the illustration represents the
ground state energy of undoped SmCojz, and its substitu-

tion energy is 0 eV as a reference value.
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Table 1.  Lattice parameters and cell volumes of SmCos and SmyCoyg M.
Model Lattice parameter/A e/ V/As
a b c

SmCog 5.0123 5.0123 24.6424 4.9164 536.17
Experiments!!) 5.050 5.050 24.590 4.8693 543.09
SmyCoyeNi 4.9852 4.9852 24.5962 4.9338 536.76
SmyCoyFe 5.0428 5.0428 24.6771 4.8935 537.62
SmyCoqssCu 4.9793 4.9793 24.5967 4.9398 538.11
SmyCoysZr 5.0670 5.0670 24.8397 4.9022 548.71
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& 3 (001) ik (a) SmCoy Al (b)—(e) SmyCoysM (M = Fe, Ni, Cu, Zr) BIZE/ TR ; 2103 R AT AR R W (0 8K i iaf 1R ke
Fig. 3. Difference charge density of (a) SmCos and (b)—(e) SmgCoysM (M = Fe, Ni, Cu, Zr) on (001) plane; the red indicates en-

richment of electrons , blue indicates loss of electrons.
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" 3b site @ 6c¢ site A 18h site

Magnetic moment/pp

Fe SmCos Ni Cu Zr

Doping element

Kl 4  SmCos Fl SmyCoysM (M = Fe, Ni, Cu, Zr) I s 5
4Tl 2R R K 4B 2% SmCoy M 2R I BTG HE N 38.74 py

Fig. 4. Total magnetic moments of SmCoz and SmgyCoqys M
(M = Fe, Ni, Cu, Zr); the red dotted line indicates that the
total magnetic moment of the undoped SmCo; system is
38.74 pp.
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Fig. 5. PDOS of Co atom in undoped system and doped atom M in different doped systems at 18h lattice position.
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Fig. 6. Substitution energy and total magnetic moment of
the SmyCoysM (M = Fe, Ni, Cu, Zr) alloys.

SmgCoysM (M = Fe, Ni, Cu, Zr) A 4 1R RE FLE
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Abstract

Among the spectra of rare-earth permanent magnetic materials, the Sm-Co-based alloys stand out with
their excellent magnetic properties in high-temperature environments. However, the practical applications of
these alloys in high-temperature settings face constraints due to their comparatively lower saturation
magnetization and structural stability. In this study, Fe, Ni, Cu, and Zr are used as representative transition
metal elements to investigate the effects of doping elements on the structural stability, magnetic properties, and
electronic structure of SmCos alloy by first-principles calculations. The findings indicate that the doping of
elements Ni, Cu, and Fe contributes positively to enhancing the structural stability of the SmCos, while the
introduction of Zr element has an adverse effect. Magnetic property calculations reveal that the incorporation of
non-magnetic elements leads the total magnetic moment of the SmCos to decrease to a certain extent, whereas
the introduction of magnetic elements can enhance the total magnetic moment. Notably, not all doped magnetic
elements in the SmCoy result in an increasing total magnetic moment. The underlying microscopic mechanisms
are elucidated through electronic structure analysis. Finally, it is screened out that the transition element Fe is
beneficial to improving the magnetic properties and structural stability of SmCos, and the doping concentration
(atomic percentage) in its unit cell ranges from 0 to 22.22%, the optimal doping concentration (atomic

percentage) is predicted to be 18.52%.

Keywords: SmCos-type permanent magnet alloy, first-principal calculation, transition element doping,

comprehensive magnetic properties
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