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Effects of heat-treatment process on structure and magnetic
properties of nanocrystalline MnggZng 4Fe,O, ferrite fibres
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Abstract: The nanocrystalline Mng ¢Zng 4Fe,Oy ferrite fibres with diameters between 0.5-3.0 um and an average crystal
size of 8.7-31.8 nm were prepared via organic gel precursor transformation process using metal salts and citric acid as
raw materials. The structure and morphologies of the gel precursor and products obtained under different heat-treatment
conditions were characterized by XRD and SEM, and the magnetic properties of the fibres were measured by VSM. The
results show that the stability of Mn-Zn ferrite phase is mainly affected by the oxygen content in the heat-treated
atmosphere. The Mn-Zn ferrite partially decomposes during the heat treatment under ambient atmosphere, while a single
spinel-type ferrite phase is obtained in nitrogen atmosphere. Mn 4Zn, ¢Fe,0, ferrite fibres formed at low heat treatment
temperature of 400 ‘C exhibits superparamagnetism due to the grain size below threshold value. With increasing
calcinating temperature and prolonging holding time, the saturation magnetization, coercivity and grain size for these
fibres increase, and become obviously larger when the temperature is above 500 C.
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Fig.1 XRD patterns of gel precursors and products prepared
at different heat-treatment temperatures in ambient atmosphere:
(a) Precursor; (b) 400 “C, 2 h; (c) 450 ‘C,2h; (d) 500 C,2h;
(e) 500 ‘C,3h;(f)500 C,4h;(g) 600 C,2h
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Fig.2 XRD patterns of products calcinated in nitrogen

atmosphere under different conditions: (a) 600 C, 2 h;

(b)700 C,2h
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Table 1 Grain sizes and magnetic properties of MnggZng4-

Fe,0, fibres calcinated under different heat-treatment conditions

Heat-treatment

dnm  HJ/(kAm") MJ/(Am*kg")

condition

400 °C,2h 8.7 0 —

450 C,2h 10.6 2.24 1.67
500 'C,2h 11.8 2.40 437
500 ‘C,3h 12.2 2.56 7.89
500 C,4h 13.3 3.09 8.04
600 °C,2h" 21.7 47.83 12.83
700 ‘C,2hY 31.8 73.24 29.17

1) Inlet nitrogen when heat-treatment temperature reaching

400 ‘C and keeping nitrogen atmosphere to end
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Fig.3 SEM images of MngeZng,Fe,0, ferrite fibres
calcinated at 500 C for2 h
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Fig.4 Hysteresis loops of Mng¢Zn,4Fe,0, ferrite fibres at

room temperature (“*” means the same listed in Table 1)
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