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ABSTRACT 


In recent times, processing of ferrites by non-conventional solution techniques has gained 
 importance with a view to obtaining high quality and high performance materials for 
 various applications. Superiority of citrate precursor method over the conventional 
 ceramic method for the preparation of ferritcs has been established. Mn-Zn ferrites are 
 known to posses high initial permeability but low resistivity (-100 ohm-cm ). On the 
 other hand, Ni-Zn ferrites posses higher resistivity (-10 ohm-cm) but relatively much 
 lower initial permeability. For high frequency magnetic applications, ferrites with high 
 saturation magnetization, permeability as well as high resistivity are needed. A these two 
 ferrites is envisaged to meet these requirements. Although  Ni-Zn and Mn-Zn ferrites 
 have been investigated extensively, literature on the mixture of these two ferrites is 
 scarce. In the present work following series of samples are prepared and investigated : 
 (a)  Mn,Ni0.5_,Zn0.5Fe204 with x  0.05, 0.1, 0.2, 0.3, 0.4. 


(b)  Mn,Nio4.,Zno j,Fe20,, with x  0, 0.1, 0.2, 0.3, 0.4. 


(c)  MnNi0.6-xZn04Fe204 with x — 0.1, 0.2, 0.3, 0.4, 0.5. 


Further, to investigate the effect of substitution of Ni by Zn and Zn by Mn, 
Mno,Zn,Niog_,Fc20.4 with x — 0.2, 0.3 and Ni()  310,4n,Zno,7_,Fe204 with x  0.4, 0.5 have 
been also prepared and investigated. Citrate precursor method has been used for 
synthesizing ferrites. A comprehensive study of micro-structural (XRD, SEM), electrical 
(de resistivity, dielectric constant and dielectric loss), and magnetic (initial permeability 



(5)and corresponding loss, saturation magnetization, Curie temperature, hysteresis 
 parameters) properties are made. 


The x-ray diffraction patterns of the samples calcined at 500°C show all the expected 
 intense lines of the spinel structure. No additional lines other than spinel structure are 
 seen. An increase in lattice parameter is observed when Ni is substituted by Mn (keeping 
 Zn fixed) and Zn (keeping Mn fixed), and Zn by Mn (keeping Ni fixed). The results of 
 theoretical and experimental densities have been also discussed. The surface morphology 
 of the fractured surfaces of samples are studied. The effect of sintering temperature has 
 been also investigated. It has been observed that grain size increases with increase in 
 sintering temperature. 


DC resistivity of all compositions has been investigated. It has been observed that 
 resistivity decreases with increase in Mn concentration (keeping Zn). The observed 
 temperature variation curves of some of the samples show two linear regions. Activation 
 energy corresponding to both regions has been calculated. Possible conduction 
 mechanisms contributing to this process have been discussed. Variation of resistivity with 
 sintering temperature establishes a correlation between microstructure and conductivity. 


It is observed that resistivity increases with increase in zinc concentration up to x = 0.5 
 and then decreases. An initial increase followed by the subsequent decrease is observed 
 with increase in Mn contents (for a fixed Ni contents). The observed behaviour is 
 explained in terms of hopping and site preference of ions in the lattice. 


ii 



(6)Dielectric properties of Mn-Ni-Zn ferrites have been investigated as a function of 
 frequency, temperature, composition and sintering temperature. Increase in dielectric 
 constant is observed with increase in Mn concentration (keeping Zn fixed) except for 
 x = 0.3 of the series Mn,Nio,5_,Zno.5Fe204. Dispersion in dielectric constant with 
 frequency in the range 100 liz to 1 MHz is observed. Resonance peaks were observed in 
 tank vs. frequency curves for some of the samples. Shift in resonance frequency towards 
 higher frequency is observed with increase in temperature. Peak height also increases 
 with increase in temperature. Possible mechanisms contributing to these processes have 
 been discussed. From the temperature variation of dielectric relaxation, activation 
 energies for various samples have been calculated and compared with those obtained 
 from d.c. resistivity measurements. The main contribution to dielectric relaxation 
 intensity is observed to be due to space charge polarization. 


Mn-Ni-Zn ferrites with different compositions have been synthesized by the citrate 
precursor method and investigated for their magnetic properties. The initial relative 
permeability is first observed to increase with increase in Mn concentration (keeping Zn 
fixed) up to certain concentration and then a decrease is observed. An initial increase 
followed by a subsequent decrease of saturation magnetization with increase in Mn 
concentration is observed. Curie temperature is observed to decrease continuously with 
increase in manganese contents. Frequency variation of complex initial permeability 
indicates that resonance peak due to domain wall oscillations is at a frequency of above 
13 MHz. Saturation magnetization is observed to increase by about 22% when the 
sintering temperature is increased from 1200°C to 1400°C. Initial Permeability and B-H 



(7)loops are observed to increase and constrict respectively with increase in sintering 
 temperature. Initial permeability is observed to increase with increase in zinc 
 concentration (keeping Mn fixed). Saturation magnetization increases with increase in 
 zinc up to x — 0.4 and then starts decreasing. Canting effect is observed for higher zinc 
 concentrations. Initial increase followed by a decrease is observed in saturation 
 magnetization with increase in Mn concentration (keeping Ni fixed). 


The work is reported in seven chapters. The first chapter describes a short review of the 
 historical developments of ferrites and structure of ferrites. The chapter also establishes 
 the motivation and aim of the present work. 


Chapter II contains the relevant theoretical background and formulation necessary for the 
 study of the micro-structural, electrical and magnetic properties of these ferrites. 


Chapter III deals with the methodology of sample preparation and characterization 
 techniques used for studying the micro-structural, electrical and magnetic properties. 


Chapter IV discusses the experimental values and the theoretically calculated values of 
 the densities obtained from the x- ray diffraction studies. It also presents the surface 
 morphology obtained from scanning electron microscopy. 


Chapter V describes the results and discussion of the electrical properties. Variations of 
 de resistivity with temperature, composition and sintering temperature are discussed. The 
 results of variations of dielectric constant and loss as a function of frequency, 
 temperature, composition and sintering temperature are reported. 


Chapter VI discusses the magnetic properties. Initial permeability and corresponding loss 
 studies as a function of composition, frequency and sintering temperature are reported. 


iv 



(8)This chapter also discusses the saturation magnetization, Curie temperature and 
 hysteresis parameters. 


Chapter VII presents the summary of the work done and recommendations for further 
work in this field. 
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