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Ferrites Definition: Ferrites are modified structures of iron composed of two or more sets of different transition metals. They exhibit large magnetic moment in the external magnetic field due to the anti-parallel alignment of magnetic spins with different magnitudes. Ferrimagnetic materials are also called ferrites. Properties of Ferrites: • Susceptibility is very large and positive, χ=



C , when T < TN T ±θ



• T < TN , they behave as ferrimagnetic materials • Have low tensile strength and, are brittle and soft • Valence electrons bound by ionic bonding and are bad conductors with resistivity values of the order of 1011 Ω m • Manufactured by powder metallurgical process: mixing, compacting and sintering at high temperatures, followed by age hardening in magnetic field • Soft magnetic materials with low eddy current and hysteresis losses Structure of Ferrites: 2− 2+ 1. General chemical formula of ferrites: M 2+ F e3+ = Zn2+ , F e2+ , M n2+ , Cd2+ , 2 O4 , where M etc. Here, M 2+ correspond to ‘A’ sites and F e3+ correspond to ‘B’ sites.



2. Ferrites crystallize in cubic structure, with each corner of the cell having ferrite molecule. Hence 8 ferrite molecules in a ferrite unit cell. Only oxygen ions are considered, then it forms a close packed face centered cubic structure. 3. M 2+ ions occupy ‘A’ sites and F e3+ ions occupy ‘B’ sites. Tetrahedral sites (coordination of 4 oxygen ions) are associated with ‘A’ sites and octahedral sites (coordination of 6 oxygen ions) are associated with ‘B’ sites. There are 8 tetrahedral sites and 16 octahedral sites,i.e., number of octahedral sites are twice the number of tetrahedral sites. 4. Two types of structures in ferrites: (i) Regular spinel, and (ii) Inverse spinel (i) Regular spinel structure: 1. Totally in a unit cell, there will be 8 tetrahedral (8A) sites and 16 (16B) octahedral sites 2. M 2+ ocuppy to ‘A’ sites and F e3+ occupy ‘B’ sites 3. Distributed ions in ‘A’ and ‘B’ sites form the regular spinel ferrite structure, as shown in figure Prepared by: Dr. K. Saravana Kumar,
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Figure 1: Regular spinel structure



2− Figure 2: Schematic representation of Zn2+ F e3+ 2 O4



(ii) Inverse spinel structure: 1. Totally in a unit cell, there will be 8 tetrahedral (8A) sites and 16 (16B) octahedral sites 2. F e3+ occupy 8 ‘A’ sites. M 2+ occupy to 8 ‘B’ sites and other 8 ‘B’ sites occupied by F e3+ 3. Distributed ions in ‘A’ and ‘B’ sites form the inverse spinel ferrite structure, as shown in figure



Figure 3: Inverse spinel structure



2− Figure 4: Schematic representation of F e2+ F e3+ 2 O4



Ferrimagnetism in Ferrites: Prepared by: Dr. K. Saravana Kumar,
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Figure 5: Electronic configuration of Fe 1. The atomic number of F e is 26. When 2 electrons are removed from Fe atom (2 4s electrons), it is ionized to F e2+ , which leads to 4 unpaired electrons left in 3d shell. When 3 electrons are removed from Fe atom (2 4s electrons and 1 3d electron), it is ionized to F e3+ , which leads to 5 unpaired electrons left in 3d shell. 2. In F e2+ , each unpaired spin of 4 electrons give rise to 4 µB moment. In F e3+ , each unpaired spin of 5 electrons gives rise to 5 µB moment. 3. For total magnetic moment, in the case of parallel alignment of magnetic moments, = 4 + (2 × 5) = 14 µB . But this value doesnot coincide with the experimentally observed value. 4. For total magnetic moment, in the case of anti-parallel alignment of magnetic moments, = [4 + (1 × 5)] − [1 × 5] = 4 µB . This is in good agreement with the experimentally observed values. 5. Hence it is confirmed that the antiparallel alignment of dipoles in ferrites leads to ferrimagnetic property. Applications of Ferrites: • Radio receivers to increase sensitivity and selectivity of receiver • Transformer cores in audio and TV • Hard ferrites are used to make permanent magnets • Hard ferrites are used in instruments like galvanometers, ammeter, voltmeter, compasses and recorders • Production of ultrasonic waves using magnetostriction principle • Power limiting and harmonic gyration devices • Design of ferromagnetic amplifiers of microwave signals
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