Effect of short milling time and annealing treatment on the phase composition, morphology and magnetic properties of SrFe12O19 prepared by mechanochemical method
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Mechanochemical process using high-energy ball milling (HEBM) and subsequent heat treatment have been used to synthesis M-type strontium hexaferrite (SrFe12O19). The effect of short milling time and annealing treatment on the phase formation, average crystallite size, lattice strain, morphological and magnetic features of SrFe12O19 was investigated. Commercial strontium carbonate (SrCO3) and hematite (Fe2O3) were used as initial powders. 
X-ray diffraction analysis indicates that during ball milling process, the primary phase SrFe12O19 do not appear. The formation of the main phase SrFe12O19 (hexagonal structure - space group P63/mmc) for milled powders occurs after annealing above 860 ∘C, whereas varying amount of α-Fe2O3 phase (tetragonal structure - space group R-3c) depending on annealing treatment was observed. Furthermore, with increasing the milling time, the average crystallite size decreases and lattice strain of the SrFe12O19 increases 
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[1, 2]
. 
Scanning electron microscopy micrographs presented that the size of the grains increases with increasing of annealing temperature. The chemical analysis via energy dispersive X-ray spectroscopy shows a uniform Sr and Fe distribution for wholly regions examined.
Thermogravitry/differential scanning calorimetry curves indicated the phase transition temperatures during annealing treatment procedure applied after HEBM process. Endothermic peaks were detected at 840 ∘C for mixture powders which corresponded to SrFe12O19  formation [3]. 
Magnetic characterization using vibrating sample magnetometer at room temperature shows the influence of milling time on the magnetic properties of milled powder before annealing. As the ball milling time increases, a slight reduction of the remanence (σr) and specific saturation magnetization (σs) occurs whereas the coercivity (Hci) increases slowly. For annealed samples, with the increase of annealing temperature, σs and Hci begin to increase to the highest value at 950 ∘C then decrease. Also, at high annealing temperatures, the particle size of the formed SrFe12O9 phase increases which leading to reducing σr and deterioration of magnetic properties. The sensitized samples annealed at 950 ∘C have the maximum value for the maximum energy product 
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4]. These results confirmed that the mechanochemical process with short ball milling time and annealing at temperatures less than 1000 ∘C can be used to produce SrFe12O19 nanopowders with low cost.
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