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5.0 Introduction

The most important ferrimagnetic substances are certain double oxides 

of iron and other metals called ferrites. The choice of a ferrite for a particular 

application is decided by its data on saturation magnetization (Ms), coercive 

force ( He), remanence ratio (Mr/Ms), permeability (gj), susceptibility (%) etc.

Hysteresis studies provides useful information on the parameters like 

the coercive force, saturation magnetization, and remanence ratio.The 

hysteresis parameters are highly sensitive to crystal structure, heat treatment, 

chemical composition, porosity and grain size [Ij.Curie temperature is the 

temperature above which the spontaneous magnetization vanishes and it 

separates the disordered paramagnetic state from the ordered ferrimagnetic 

state. A.C. susceptibility and hysteresis studies at various temperature could 

provide an idea whether magnetic sample contain multidomain (MD), single 

domain (SD) or super-paramagnetic (SP) states.

Satya Murthy et al [2] have studied variation of magnetic moment in 

Ni-Zn ferrites and showed that this system exhibits Y-K type of magnetic 

ordering. Influence of the presence of Fe ion in nickel-zinc ferrite is studied 

by Srivastava C. M and Patni M.J. [3]. They explained the variation of 

magnetization with zinc concentration on the basis of the Yafet-Kittel model 

of spin-canting on the B-sublattice. Mossbauer and magnetic studies of 

Nio.4Zno.6-xLixFe2+x04 are carried out by Puri et al [4]. They explained the 

result on the basis of preferential site occupancy of different ions and their 

magnetic interactions. Lattice parameter variation and magnetization studies
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on titanium, Zirconium and tin substituted Ni-Zn ferrites are reported by Das 

et al [5]. They explained the results on the basis of movement of the 

substituting ions first to tetrahedral and finally to the octahedral sites of the 

spinel lattice. Ghatage et al [6] have reported neutron diffraction study of Ti 

substituted Ni-Zn ferrites. They have shown that this ferrite consists of only 

multidomain particles. Magnetic behavior of Nii_xGexFe204 is studied by 

Pandya and Kulkami [7]. They have shown that, the existence of two 

ferrimagnetic oxidation states of iron with valencies three and two, having 

different ordering temperature. X-ray, infrared and magnetic studies of 

chromium substituted nickel ferrites are reported by Ghatage et al [8], They 

observed multidomain and single domain particles are favored in this ferrite.

5.1 Magentostriction

The phenomenon in which the magnetic materials experience changes 

in dimensions during magnetization is called magnetostriction. This 

phenomenon was first observed by Joule in 1942. The phenomenon of 

magnetostriction occupies an important place in relation to both the study of 

the nature of magnetism and various applications. The coercive force and 

initial permeability of ferrimagnetic material strongly depends on saturation 

magnetostriction. If the magnitude of saturation magnetostriction is known, it 

is possible to explain the anomalies in permeability and coercive force[9].

There are main three reasons for studying the magnetostriction [12].
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1. A study may throw light on the nature and behaviour of the special 

internal forces in a ferromagnetic material.

2. By utilizing the phenomenon of magnetostriction, an electrical pulse can 

be converted into mechanical one and vice versa. This enables it to be used 

for the production of magnetostriction oscillators, filters of very high 

stability and electrochemical transducers, particularly for obtaining high 

intensity ultrasonic waves.

3. In investigating magnetization processes and analyzing the magnetization 

curve.

For cubic ferrites, only change occur in volume whereas in hexagonal 

ferrites, the change occurs in volume as well as in shape. These changes 

occurs even when the sample is cubic but magnetic order is noncubic. This 

behaviour is due to dependence of exchange energy on interatomic spacing. A 

comprehensive review of magnetostriction is given by Lee[10] and Briss [11].

S.R.Murthy and T.S. Rao [12] studied the magnetostriction of 

polycrystalline mixed nickel -zinc and cobalt-zinc ferrites as a function of 

composition, magnetic field and temperature using the strain gauge method. 

They observed that the values of saturation magnetostriction in both the ferrite 

systems decreases with increase of zinc concentration. They explained the 

anomalous bahvaiour observed in the variation of magnetostriction with 

temperature on the basis of magnetic anisotropy energy.
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5.2 Weiss Domain structure

Ferromagnetic and ferrimagntiec substances exhibit a spontaneous 

magnetization even in the absence of an external magnetic field. However, 

even the application of a small magnetic field usually produces a large 

magnetization. The appearance of a large magnetization is explained by Weiss 

[13] by postulating the existence of the small regions, called domains, each of 

which is fully magnetized. The magnetic moments within such region are 

aligned in the same direction. In domains the magnetization vectors are 

parallel to preferred direction such that the demagnetizing field results into 

lower energy. The influence of Weiss domain structure on the resonance 

condition is studied by Snoek [14]. According to him, resonance is also 

possible in a non saturated specimen i.e. in a specimen still divided into Weiss 

domains. Polder and Smith [15] reported that the Weiss domain structure in 

demagnetized samples affects resonance behaviour. In general, the switching 

dynamics can be explained on the basis of theory of damping of moving 

domain boundary [16].

5.3 Bloch wall

In the unmagnetized state of solid, the spins of Weiss domains are 

oriented at random. There is transition of spin directions from one domain to 

another. This transition does not take place abruptly but extends over a certain 

width of boundaiy is known as domain wall or Bloch wall. The domain wall 

has a finite thickness and structure which can be determined by the number of
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lattice distances transversed to produce transition. The Bloch wall energy is 

lower when the exchange is distributed over many spins.

If <|> is the angle between the spins in the successive atomic layers then 

the exchange energy between them is given by,

wex = Js2 <|>2 ... 5.1

The exchange interaction tends to make a wall as thick as possible. The spin 

contained within the wall are largely directed away from the axis of easy 

magnetization. Therefore, there is an anisotropy energy associated with the 

wall. The wall energy is roughly half the exchange energy.

Magnetic domain behaviour of MgFe204-CoFe204 system was studied 

by Rao V and Keer H. V. [17] to elaborate the multidomain and single 

domain grains.

5.4 Domain wall thickness

A formula for estimating domain wall thickenss (tw) in a bulk material 

is given by [18].

tw = a Vjs [3KTc/2nBPpKi ]1 a .... 5.2

Here a is the distance between nearest dipoles, Js is the saturation intensity, K 

is the Boltzmann constant, Tc is a Curie temperature, nB is the magneton 

number per formula unit, pp is the Bohr magneton and Ki is the anisotropy 

constant for the material. This formula is derived for ferromagnet and ,
■V



errimagnets. Domain wall thickness (tw) mainly increases with increasing 

exchange interaction and reducing anisotropy.

The typical domain wall thickness is about 103A° (10'07m) and the 

associated energy is about 10'3J/m2[19].

5.5 Domain state and hysteresis loop

The demagnetized state of a ferro or ferrimagnetic body is normally 

presumed to be due to the sub-division into Weiss domain with Bloch walls 

between them.

A polyciystalline ferrimagnetic material may consist of three types of 

domain states.

1. Multidomain (MD)

ii. Single domain (SD)

iii. Super - paramagnetic (SP) state.

Grains which have domain walls in them are known as multidomain 

(MD). Thickness of these grains is found to be in the range of a few hundred 

to few thousands angstrons for different materials.The grains can not contain 

walls due to energy consideration method termed as single domain for which 

the magnetization direction is fixed in space. If the thermal energy of the SD 

grains is comparable to the effective magnetic anisotropy energy, then the 

magnetization of the grains undergo fluctuations and the grains are in super- 

paramagnetic state [20]. As reported by Neel [21] magnetostatic energy of 

single domain (SD) particles is given by
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vJsHc = 2kTb ....5.3

where K - Boltzmann constant 

Tb - blocking temperature 

Hc - Coercive force 

v - volume of grain 

Js - Saturation intensity.

Hence, the magnetic states of single domain and super-paramagnetic are 

interchangeable by temperature.

Radhakrishana Murthy et al [22] have shown that nonnalized Xac-T 

curves and hysteresis loops of micropowders consisting of different domain 

states of ferromagnet related with each other. They have shown that 

susceptibility for a multidomain sample does not change appreciably with 

temperature and drops off sharply at the Curie point (Tc). But in %ac - Tc 

curves of a single domain sample, there could be broad hump below Tc or 

sharp cusp near Tc depending upon the temperature at which the single 

domain becomes superparamagnetic.

For SD state, two types of hysteresis loops are possible.

1. One for randomly oriented grains with dominant uniaxial anisotropy (SD - 

UA), for which the remanent intensity will be one half of saturation 

intensity and

2. The other for grains with more than one pair of easy axes which will be 

the case when magnetocrystalline anisotropy dominates (SD-CA), for which
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the ratio of remanent and saturation intensity will be 0.8 or more and hence 

the hysteresis loop will be more square in nature.

According to Bean [23], coercive field (Hc) and remanent intensity is 

very small for MD samples whereas for SD particles these are considerably 

large. Schematic hysteresis loops and nonnalized susceptibility versus 

temperature curves for sample consisting of different domain state are shown 

in Fig. 5.1.

5.6 Temperature dependent initial susceptibility

The apparent susceptibility x is related to the real susceptibility %' by 

the relation [21].

%'

X= ............. ....5-4
(1+Nx')

where N is the demagnetization factor.

A.C. susceptibility measurement in a field of 0.5 Oe by double coil 

method carried out on magnetite by Radhakrishnamurthy et al [24] and 

showed that there are three types of susceptibility peaks in the Xac * T curves

1. Isotropic peak occurs only if the magento crytalline anisotropy is zero for a 

magnetic material in MD form.

2. Hopkinson peak, just occurring before the Tc of any magnetic material in

multidomain state.
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FIG.5-1 - SCHEMATIC HYSTERSIS LOOPS AND NORMALIZED 
SUSCEPTIBILITY VERSUS TEMPERATURE CURVES 
FOR SAMPLE CONSISTING OF DIFFERENT DOMAIN 
STATES.



3. Single domain peak occurs at Tb only if the sample has substantial 

proportion of SD particles.

The variation of (Xt/Xrt) f°r the magnetite having MD and SD grains is 

shown in Figure 5.2 [24].

5.7 Magnetocrystalline anisotropy energy

An energy in a ferromagnetic crystal which directs the magnetization 

along certain defmate crystallographic axes is called magnetocrystalline 

anisotropy energy.

The crystalline anisotropy can be described by the first two or three 

terms of infinite power series in the direction cosine of the magnetization 

vector with respect to the crystal axes. For cubic crystal such as iron, 

anisotropy energy is given as

Ea„ = kI(a!2a22+ a22a32 + a32cti2) + k2(a12a22a32) +............5.5

where k] and k2 are the first and second anisotropy constants ah a2 and a3 

are the direction cosines. Anisotropy constant k| and k2 at room temperature 

are determined by neglecting higher terms in above equation

Ki = 4.2x105erg/cm3 and k2 = 1.5 x 105 erg/cm3.

Anisotropy energy for a crystal with a single preferred axes, such as cobalt 

may be written as

Ean = kisin2(j)+k2 sin4<j) .... 5.6

where § is the angle between magnetization and easy axis.
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FIG-5-2- VARIATION OF NORMALIZED SUSCEPTIBILITY WITH 
TEMPERATURE FOR THE MAGNETITE .
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ft 1At room temperature ki and k2 are found to be k|= 4.1x10 ergs/cm 

and k2 = l.OxlO6 ergs/cm3.

It should be noted that, anisotropy energy strongly depends on 

temperature. In many ferrites K2 is very small as compared to Kt.

Several investigators [25-31] determined the anisotropy constants of 

ferrites.

Magnetocrystalline anisotropy in single crystals of magnetite and in 

cobalt substituted are examined by Bickford and his co-workers [32],

5.8 Magnetization process

When the applied filed across the demagnetized specimen is small 

enough, the induced magnetization varies linearly with the field and is also 

reversible. However, when the field is steadily increased, the magnetization 

process becomes irreversible. The plot of change of magnetization with 

applied field H is called hysteresis loop as shown in Figure 5.3.

With increasing field from zero, the magnetization steadily increases 

and attains a saturation value for a particular value of field. This maximum 

saturation value is called the spontaneous magnetization (Ms). A further 

increase in the field does not produce any further change in the spontaneous 

magnetization.

However, when the field is decreased, magnetization decreases but 

follows another path and when the field is reduced to zero, a certain amount
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F1G.5-3- HYSTERSIS LOOP (CDEFGC).
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of magnetization is still retained by the sample. This is called remanent 

magnetization (Mr).

Further, when the applied field increases in opposite direction, 

magnetization decreases and for a particular value of field it becomes zero. 

The magnitude of the field, which completely reduces the magnetization to 

zero is called coercive force.

if the field is further increased in opposite direction, the sample gets 

saturated in the opposite direction. Finally, if the field is reversed, a loop 

called hysteresis loop is obtained.

The magnitude of initial susceptibility is obtained by drawing the 

tangent ox to magnetization curve and measuring its slope. The value of 

maximum susceptibility is obtained by slope of the line OY in the knee part of 

magnetization curve.

5.9 Losses in ferrites

Flysteresis loss, eddy current loss, relaxation loss, spin resonance loss 

and wall resonance loss are the significant losses in the ferrites. 

a) Hysteresis loss

Hysteresis loss is due to irreversible wall displacements. This loss 

increases with grain diameter and with the impurity content of raw materials. 

This loss does not appear in the initial permeability, because a finite field 

amplitude is required. For small amplitude, the hysteresis loss is proportional 

to the amplitude and is described by the relation



104

(tan 6 )h y s ler es is ahBmax

2 71
5.7

where ah = amplitude

Bmax - maximum induction in the core

p - permeability

In technical applications, an important effect of hysteresis loss is a 

distortion of signal proportional to (tan5)hysteresis.

b) Eddy current loss

Under the action of alternating magnetic field, an electric current is 

induced in the magnetic core material. This causes heating and power loss. 

The power loss interms of frequency and resistivity is given by

p = A(fVp) ....5.8

where f - is the frequency of applied field.

p - is the electrical resistivity of the core material

A - is the proportionality constant which depends on the shape of the core.

In cores, the corresponding eddy current losses are given by the 

equation

(tan8)eddy
---------------- = 2 x 10~5f ....5.9

where frequency ‘f is expressed in MHz.
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c) Relaxation loss

These losses occur at frequencies much lower than the resonant 

frequency and have significant contribution to the magnetic losses.This loss is 

found in ferrite due to exchange of electron between divalent and trivalent 

iron ions, when the magnetization changed its direction, Fe2+ and Fe3+ ions 

change their positions and attain new configuration that has the lower energy 

under the changed direction of magnetic field. The readjustment of ferrous 

and ferric ions do not requires the movement of ions, but only requires 

transfer of electrons.The relaxation loss depends on the frequency and is 

maximum when the applied frequency becomes equal to relaxation frequency 

for electron jump.

For Ni-Zn ferrites fired at high temperature, the relaxation frequency
n

is of the order of 3x10 Hz, whereas for the Ni-Zn ferrites fired at low 

temperature, the relaxation frequency is much higher being about 10 Hz[33].

d) Spin resonance loss

This loss is due to the natural resonance of rotation of magnetization in 

the presence of restoring torque developed by the anisotropy field. The 

precessional frequency co of an electron spin vector in presence of internal 

anisotropy filed Hk is given by

© = 2 7ify = yHk.

Where y - gyromagnetic ratio.
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Ilk - is the internal anisotropy field and is perpendicular to external magnetic 

field Hi. When the frequency of external magnetic field matches the 

precessional frequency, resonance occurs and energy is absorbed from the 

applied field and dissipated in the material. The rotational process is 

important for a material having negative anisotropy constant and is found to 

be inversely proportional to (p-1). Hence higher the permeability lower is the 

resonance frequency and vice versa. 

e) Wall resonance loss

In certain ferrites, the domain wall resonance loss occurs at low 

frequency. If the domain wall is distributed from its equilibrium position, 

restoring force developes in the wall which tries to bring it back to its original 

position. Thus the domain wall behaves as stretched elastic membrane having 

some natural frequency of oscillation. As the frequency of applied filed equals 

the natural frequency of domain wall, resonance absorption set in.

5.10 Curie temperature

Ferromagnetic or ferrimagnetic substances consist of small zones or 

regions called domain which posses magnetic moments when the spins of the 

atoms in them are aligned parallel to each other. At 0°K, spin ordering is due 

to strong internal magnetic field. Therefore, at absolute zero the spontaneous 

magnetization is maximum. As temperature increases, the thermal agitation 

opposes this spin alignment and at a certain temperature called Curie 

temperature the spontaneous magnetization disappear.
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The Curie temperature Tc is given as

2 S (S+l) Z J
Tc .... 5.11

3K

where K- Boltzmann constant

S- spin angular momentum 

Z- number of nearest ions 

J - total angular momentum.

From above equation, it is clear that Curie temperature increases with 

increasing s for constant interaction per spin and magnetization of the ions 

posses more than one uncompensated spins, the Curie temperature is higher 

when these spins are coupled in one spin. Curie temperature depends on the 

distribution of cations on tetrahedral and octahedral sites [34-35]. Gilleo [36] 

theoretically estimated the values of Curie temperature for substituted spinel 

ferrite by using statistical model.

3 n (K0,Kt)
Tc(ko, ki) Tc (0,0) ....5.12

24N(Ko,Kt)

Here Tc(0,0) is the Curie temperature of unsubstituted ferrites 

n(Ko,Kt) - active magnetic interaction per formula unit. 

N(Ko,Kt) - denotes the number of magnetic ions actively 

participating in the ferrimagnetism.

Ko, Kt - are the fractions of ions substituted on octahedral and

tetrahedral sites
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According to Gilleo, Curie temperature in ferrimagntiec material is 

found to be proportional to number of active magnetic linkage. This model is 

applicable only when all magnetic ions are identical or when the substituted 

ion displaces a magnetic ion on the same site. Upadhyay [37] suggested a 

simplified model to calculated Curie temperature of ferrimagnetic spinels by 

using equation

M*(x=0.0)n(x)
Tc(x) = --------------------------------  Tc(x=0) .... 5.13

M*(x) n(x=0.0)

where M* (x=0.0) is a dimensionless parameter

n(x) - number of relative weighted magnetic interaction per formula

unit.

This model is valid for any substituted ferrite. Valenzueia [38] reported 

a sensitive method for the determination of the Curie temperature of Ni-Zn 

ferrites based on the technique of continuos measurement of initial magnetic 

permeability and compared it with the values of Curie temperatures obtained 

from differential scattering calorimeter.

Ghatage et al [6] recently reported the values of Curie temperature of 

Ti substituted Ni-Zn ferrites obtained from Gilleo’s model and a.c. 

susceptibility measurement. Sawant et al [39] reported the values of Curie 

temperature of Co-Zn ferrites obtained from Gilleo’s model, a.c. susceptibility 

measurement and Loria-Sinha technique. Several investigators obtained the
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values of Curie temperatures from D.C. resistivity [40-43] a.c. susceptibility 

[44-49] and permeability [50-54] measurements and Upadhyay model [55,56].

Part A: Hysteresis

5.A.1 Experimental

Magnetization measurement of the sample in the series Nii.xZnxFe204 

were carried out with the help of high field loop tracer operating at 230 volts, 

50 Hz mains frequency [57].

The circuit diagram of hysteresis loop tracer is as shown in Fig. 5.4

It consists of an electromagnet. The variable alternating magnetic field 

is produced in an air gap of about 1 cm width in the instrument. The specimen 

is placed in a special balancing coil and inserted in the gap. Depending upon 

the magentic induction in the specimen, pick up coil produces a field. 

Simultaneously the supporting coil produces a signal equivalent to the 

strength of magnetic field. When respective signals are supplied to the 

vertical and horizontal deflecting plates of oscilloscope, hysteresis loop is 

visible on the screen. The vertical displacement corresponding to saturation 

magnetization of hysteresis on screen is calibrated by placing a small nickel 

sample between the two pole pieces. The mass of nickel sample used in the 

present case is 1.026 gm and the vertical displacement was equivalent to R = 

5.2 division on CRO. The magnetic moment of pure nickel sample is 53.34

emu/gm.
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FIG. 5-4- THE CIRCUIT DIAGRAM OF HVSTERS1S LOOP TRACER ,
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Hence total magnetization of nickel is 

X - 54.7268 emu

Therefore the calibration factor comes out to be 

C.F. = X/R

= 10.5243 emu/div

The procedure was repeated for other samples under investigation. The 

vertical displacement corresponding to all the samples were recorded and 

saturation magnetization was calculated using the relation, 

as = (vertical displacement) x (calibration factor)

Hence, the magnetization per unit mass is 

as
ct's = ------------------emu/gm ....5.14

Mass of pellet

The saturation magnetization (Ms) is given by the relation

Ms = (1-p) pxa's (gauss) ....5.15

where px - x-ray density, p - porosity 

The magnetic moment (np) was calibrated as 

(mol.wt) x (saturation magnetization)
np = ------------------ ------------------------------- (Bohr Magneton) ..... 5.16

55.85

5.A. 2 Results and discussion

Hysteresis loops for pure nickel and Nii_xZnxFe204 ( x= 0, 0.20, 0.40, 

0.60 and 0.80) samples recorded at room temperature are presented in figures

5.5 and 5.6.
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Pure Nickel Sample

X =0.20
Fig. 5.5: Hysteresis loop for pure nickel sample & Nil \Zn\Fc2O4 ( X= 0, 0.20).
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X= 0.80 X=1.00

Fig. 5.6: Hysteresis loop for Nii.xZn\Fe204 ( X=0.40, 0.60, 0.80, 1.00).

w
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The values of saturation magnetization cr's t 4tiMs and magnetic 

moment np are obtained from figures 5.5 and 5.6 and the relations 5.15 and 

5.16 and are presented in Table 5.1.

Table 5.1

Magnetization data ofNi\.xZnxFe204 system

Zinc
content

X

Saturation magnetization Magnetic 
moment np

(Bhor
magnetron)

Y-K angles 
(Degree)

o's

(emu/gm)

4nMs
(Gauss)

0 45.59 3054 1.90 0

0.20 59.13 3915 2.50 0

0.40 68.23 4519 2.90 22°53’

0.60 58.51 3895 2.49 47°3’

0.80 17.87 1190 0.77 74°56’

1.00 - - - 90°

From this table, it is observed that the value of (47cMs) is minimum for 

NiFe204 and Ni0 2Zn() gFe204 and maximum for Nio.6Zno.4Fe204. The variation 

of o's and 47iMs with the content of zinc are shown in figures 5.7 and 5.8. 

From figure 5.7, it is observed that, saturation magnetization increases with 

increasing concentration of zinc upto x=0.40 and then falls off with increasing 

in zinc concentration [58]. Similar result is reported by Daniels and
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F1G.5-7 - VARIATION OF SATURATION MAGNETIZATION ( 65 ) 
WITH ZINC CONCENTRATION.
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FIG.5*8 - VARIATION OF MAGNETIZATION (4 TT Ms ) WITH 
ZINC CONCENTRATION.
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Rosenwaig [59] for Ni-Zn ferrites prepared by ceramic method. Mossbauer 

study of Ni-Zn ferrites [59] yields the cation distribution as

(Znx2+ Fe,.x3+)A [Ni,.x2+ Fe,+X3+]B

It shows that all the Zn2+ ions occupy tetrahedral sites(A) and Ni2+ 

ions occupy octahedral sites (B) and Fe3+ ions distributed along tetrahedral 

and octahedral sites respectively .As the content of Zn ions increases, Fe 

ions migrating to B sites increase, thus increasing MB and decreasing the MA. 

Therefore the net value of saturation magnetization increases. When the value 

of x exceeds 0.40, saturation magnetization starts decreasing because 

magnetic moment of the few remaining Fe ions on the A site are no longer 

able to align all the moments of the B sites antiparallel to themselves since 

this opposed by the negative B-B exchange interaction [60].

Figure 5.9 shows variation of magnetic moment (np) with zinc content. 

Similar variation of np with zinc content has been also observed in other zinc 

substituted ferrites like Ni-Zn [61], Co-Zn [62], Mn-Zn [63] and Mg-Zn[64].

According to Gilleo [37], variation of np in the Ni-Zn ferrites arise due 

to the presence of super-paramagnetic clusters or paramagnetic centers formed 

due to insufficient magnetic linkages.

Low temperature Mossbauer studies by Leung et al [65], neutron 

diffraction studies by Staya Murthy et al [2] and ferromagnetic relaxation 

studies by Srivastava and Patni [3] do not support the cluster model.
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FIG.5-3 - VARIATION OF MAGNETIC MOMENT 
WITH ZINC CONCENTRATION.
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On the basis of neutron diffraction measurements, Satya Murthy et al 

[2] believed that the change in magnetization of zinc substitution occurs due 

to the presence of Y-K angles in the spin system on the B- site and is later 

confirmedd by a number of workers [59, 65].

The condition for the existence of Y-K angles in the Ni-Zn system has 

been investigated in the molecular field approximation by Satya Murthy et al 

[2] using a non-collinear three sublattice model. Srivastava et al [66] have 

studied magnetic ordering and domain wall relaxation in zinc ferrites. They 

have calculated theoretical values of Y-K angles using the formula

10(l-x)2a + 25 (1-x2) P
cosayk = ------------------------------------------------- ....5.17

16(l-x)2 y + 25 (1-x)25 +40(l-x2)e

The molecular field constants, a, (5, y, 5 and e can be obtained from the 

observed variation of saturation magnetization with zinc concentration. They 

have used the values of exchange constants as follows

Ja = -21 K Jp = -28 K

J5 = -10K Jy = -64 K

and J£ = -24 K

The variation of saturation magnetization with zinc concentration is 

related by the relation

np = (9+x) cosctyk -5( 1 -x) .... 5.18

where np is expressed in units of Bohr-magneton.
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The Y-K angles in the present system are calculated by using the 

formula [65],

rip = (6 +x) eosayk -5( 1 -x) .... 5.19

where x is the content of zinc

The values of Y-K angles are also presnetd in table 5.1. From this table, it is 

observed that Y-K angles for the composition x=0. and x=0.20 are zero, 

suggesting that the existence of Neel’s two sublattice model. The occurrence 

of Y-K angles for the compositions x>0.40 suggesting the existence of Y-K 

model. It is also observed that, the Y-K angles increases with increases in zinc 

content.The increasing Y-K angles indicates the more favoring of triangular 

spin arrangements on B-site leading to reduction in A-B interaction.For zinc 

ferrite cosa^ = 90°, suggesting that B-B interaction collapses leading to zero 

saturation magnetization. Similar result have reported by Joshi et al [67] for 

the Ni-Zn ferrites prepared by ceramic method.

The reported values of saturation magnetization of the composition 

0.40 , prepared by ceramic [68] and citrate [69] methods are about 60 emu/gm 

and 63 emu/gm respectively. Whereas the value of same composition prepared 

by present method is improved upto 68.23 emu/gm. The ferrites prepared in 

the present method have high density. The porosity of this sample lie in the 

range 1.18 % to 2.5 %. Therefore the saturation magnetization is improved as 

compared to ceramic and citrate precursor method. High resistivity Ni-Zn 

ferrites by citrate precursor method, has studied by Verma et al [69]. They
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have shown the remarkable increase in value of saturation magnetization for 

the composition Nio.4Zn0.6Fe204 as compared to ceramic method. Electrical 

and magnetic properties of normal and hot pressed Mn-Zn ferrites are studied 

by Puri et al [70]. They observed marked increase in the values of saturation 

magnetization for hot pressed ferrite than those of normal ferrite with the 

same composition. They attributed the higher values of saturation 

magnetization to very low porosity of hot pressed ferrites.Bhosale et al [71] 

have studied the synthesis of high permeability Cu-Mg-Zn ferrites using 

oxalate precursors and showed that the values of saturation magnetization are 

improved as compared to ceramic method.

Part B Curie temperature

5.B.1 Experimental

The Curie temperature measurement of Nii_xZnxFe204 system in the 

form of the pellets of different composition was carried out by using Loria - 

Sinha technique [72]. The schematic diagram of its setup is shwon in Figure 

5.10.

The apparatus consist of specially designed cylindrical furnace having 

circular aperture along its axis. An electromagnet operated at 1.5 Ampere and 

15 Volt is held vertically along the axis of furnace, just above its top. Lower 

end of the electromagnet insulated by porceline sheet in order to avoid the 

direct heat from the furnace. A nail type soft iron rod introduced into the 

furnace holds the field of electromagnet. A ferrite sample whose Curie
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1- Electromagnet 5 - Nail type iron piece
2- Porocelin sheet 6- Thermocouple
3- Furnace ? _ Pellet
4- Lid sheet 8- Metal lid

FIG. 5-10-SCHEMATIC DIAGRAM OF CURIE TEMPERATURE 
SET-UP.
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temperature is to be determined is kept at the top of elbow type rod and is 

introduced vertically upward. The sample gets attracted to the nail and is 

attached to it. To measure temperature of furnace, a chromal-alumel 

thermocouple introduced in the furnace with its junction position very near to 

the position of the pellet. The temperature of the furnace can be increases 

slowly by using dimmerstat. At particular temperature sample losses its 

magnetization and gets detached from the electromagnet and falls down 

giving Cuire temperature.

5.B.2 Results and discussion

The Curie temperature of Ni].xZnxFe204system (x= 0, 0.20, 0.40, 0.60 

and 0.80), obtained from Loria-Sinha technique is presented in Table 5.2. 

From this table, it is observed that Curie temperature decreases with 

increasing zinc content. The decrease in Curie temperature with zinc content 

is attributed to decrease of AB interaction. As the content of zinc is 

increased, the relative number of Fe ions on A site decreases, which causes 

reduction in AB interaction. Similar result have been reported by Guillaud, 

Crevaux [73] and Smit [74] in Mn-Zn, Co-Zn and Ni-Zn ferrites. The 

composition with x-1.00 does not show transition temperature at and above 

room temperature. Similar behavior of this composition was already observed 

from our dc resistivity and magnetization study. (Please see chap. IV and 

chap. V, Sec. A). Curie temperature values calculated from Upadhayay’s 

model are also presnted in same table. It is observed that the Curie
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temperature values obtained by Loria -Sinha technique are nearly same as 

those observed in dc resistivity and ac susceptibility studies.The values of 

Curie temperature observed in dc resistivity and ac susceptibility studies are 

also presented in table 5.2.

Table 5.2

Curie temperature data of Ni/.x ZnxFe204 system

Zinc content Curie temperature (Tc) from °<C

X

Resistivity Susceptibility Loria- Upadhyay’s

Sinha model

0.0 574 597 568 597

0.20 478 492 477 536

0.40 376 387 367 449

0.60 276 269 278 333

0.80 119 89 45 185

1.00 - - -

Part C : Susceptibility

5.C.1 Experimental

AC susceptibility measurement of powdered samples of Nii-xZnxFe204 

( x=0, 0.20, 0.40, 0.60, 0.80 and 1.00) system were carried out in the
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emperature range of 300 to 850K by using double coil set up operating at a 

frequency of 263 Hz in r.m.s field of 550 A/m [75].

The schematic diagram of ac susceptibility measurement system is 

shown in Figure 5.11.

The set up consist of double balancing coil having large number of 

turns acting as flux detector and was placed in between the Helmoltz coils. 

The furnace is fabricated by winding of platinum wire on a silica tube 

surrounded by a glass jacket placed at the center of the pick up coil. A cold 

water was circulated through the glass jacket inorder to prevent the pick up 

coil from overheating. A sample holder containing the sample under 

investigation was introduced in the furnace. The current to the Helmoltz coil 

was supplied from a oscillator and high quality power amplifier, which 

induces signal in the double coil. The signal induced in the double coil is 

proportional to the rate of change of magnetic moment of the sample. Then 

signal was amplified, rectified and read out on a digital voltmeter which was 

calibrated interms of magnetic moment.

The temperature of the furnace was raised by increasing current in the 

heating coil and was recorded by using a well calibrated platinum - rhodium 

thermocouple. The sample was heated gradually and at various temperatures 

signal was recorded. The heating of the sample was continued till the signal is

reduced to zero.
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260

1-Helm Holtz Coils 4-Digital voltmeter
2 - Pick up coll 5- Oscilloscope
3 - Tuned amplifier

FIG. 5-11 - SCEMATIC DIAGRAM OF A . C . SUSCE PT I BI LI T Y 
MEASUREMENT SYSTEM .
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5.C.2 Results and discussion

The variation of normalized ax. susceptibility (Xt/Xrt) as a function of 

temperature for the series Nii.xZnxFe204 with x=0.0, 0.20, 0.40, 0.60 and 0.80 

is shown in figure 5.12.

From this figure it can be concluded that

1. The sample with composition x=0 and x=0.20 exhibit a peak at higher 

temperature and then drop sharply near Curie temperature (Tc). The peaking 

behavior suggest that these compositions predominately contain single domain 

(SD) particles.

2. The sample with composition x > 0.40 does not show appreciable variation 

of normalized ac susceptibility with temperature. This suggests that 

multidomain (MD) particles are favoured within these sample.

3. All the samples show a sharp decrease in nonnalized a c susceptibility 

(Xt/Xrt) with temperature near Curie point, indicating impurity phases are not 

present in the samples which is already confirmed from XRD studies.

4. The peak height before Curie temperature is more pronounced for the 

composition x=0 than x=0.20 and completely disappears for the compositions 

x >0.40, suggesting that addition of zinc forces the sample to go from SD to 

MD state [58].

Bulk magnetic studies on Cu-Zn ferrites is carried out by Sawant et al 

[39]. They have reported that, the peaks in Xt/Xrt variation with temperature 

decrease gradually on addition of zinc and disappear completely when
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T(°K)

FIG. 5-12- VARIATION OF NORMALIZED A.C.SU5CEPT 1BI LI T Y 
AS A FUNCTION OF TEMPERATURE FOR 
Ni,_xZnxFe204 SYSTEM.
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concentration of zinc is 0.6. The peak observed in Xac-T variation is attributed 

to SD-SP transition and addition of zinc forces the sample to go from SD to 

SD-MD state. Suryawanshi et al [45] carried out XRD and magnetic studies 

on Ti substituted Mg-Zn ferrites. They have shown that peaks observed in 

Xt/Xrt variation at blocking temperature becomes less pronounced on addition 

of zinc and disappear when zinc is added in excess of 20 %. The peaks in the 

Xt/Xrt variation with temperature was due to SD-SP transition and vanishing 

of this peaks suggest that the particles are SD.
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