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Future hard ferromagnetic materials have to outperform the current high-end Nd2Fe14B based materials: 

they must have large magnetization, 𝐽"  ³ 1.6 T; and sufficiently large uniaxial magnetocrystalline 

anisotropy field, 𝐻$ , to overcome self-demagnetizing magnetostatic energy, which is proportional to 

magnetization as (1 2⁄ )𝜇+,-𝐽". . Sm(Fe1-xCox)12 films with the ThMn12 (I4/mmm) structure have been 

reported to have excellent intrinsic magnetic properties (e.g., x = 0.2: 𝐽" = 1.78 T, 𝜇+𝐻$ = 12 T, and 𝑇0 = 

859 K),1 superior to Nd2Fe14B compound (𝐽"  = 1.61 T, 𝜇+𝐻$  = 7.8 T, and 𝑇0  = 585 K) at room 

temperature. However, the stabilization of Sm(Fe1-xCox)12 (ThMn12, I4/mmm) compound in bulk for the 

fabrication of high-performance permanent magnets (PMs) remains challenging. 

The present research draws an 

efficient route for the synthesis of 

Sm(Fe1-xCox)12-yTiy materials (0.2 £ x 

£ 0.3; y £ 1) with the ThMn12 

(I4/mmm) structure.2 The synthetic 

procedure is of two critical keys: (1) 

chemical syntheses of colloidal Sm- 

and Ti-doped cobalt ferrite 

([CoFe2O4×(Sm,Ti)]) nanoprecursors 

(Fig. 1A), and (2) reduction-diffusion 

processes. The chemical syntheses 

are particular advances in the precise 

control of composition and size of the 

nanoprecursors, which determine a 

well-controlled microstructure of the materials. Taking advantages of the ultrafine nanoprecursors, their 

conversion to the Sm(Fe1-xCox)12-yTiy micropowders (Fig. 1B) using the reduction-diffusion processes can 

even take place at a low temperature of 840 ºC, and as short as 10 min. These mild conditions give another 

effective means to control the microstructure. The combination of controllable chemical syntheses and 

reduction-diffusion processes in a bottom-up approach opens horizons for the optimization of the 

microstructure of the materials, resulting in the enhancement of their magnetic performance. 
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