CHAPTER-III

MAGNETIC PROPERTIES
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MIAGNETIC PROPERTIES

INTRODUTION:

Magnetisation is one of the most fundamental property of ferriites . The
saturation magnetisation, coercivity and remanance are studied with the help of
hysteresis. Besides thase, ferrites exhibit properties of swithing and memory. Ths
magnetisation Is the net result of antiparailel magnetic moment of the cation per unit
volume of material which Is Induced in it when placed In external magnetic fleld. When
magnetisation occurs even In the absence of external fleld, called spontaneous
magnetisation and it Is the most striking properly of magnetic material. The saturation
magnetisation within the domaln is maximum that ¢can be achlevad In the material &t given
temperaiure, The origin of magnaetisation lies In aligning forcas due to an internal magnetic
fisld called welss fleld [1]. However, quantum mechanics relates this to the Hesenberg's
exchange forces [2]. The value of saturation magnetisation (Ms) plays an important role in
application of ferrites likQ. low value of Ms required In microwave application while high
vaiue of 'Ms' depends on the cations present and their distribution.

in ferrites, the study of hystaresis glves valuable data on saturation
Magnesation (Ms), coercleve forces (Hc), and remanance ratio(Mr/Ms) Therefore, the
magnetic parameters related to hysteresls, help to decide the nature of application of
ferrites.

The wide range of valuas of permeabllity of ferrite makes suitable for varlous
frequency range applications. Magnetic susceptibllity Is the most convinlent and useful
property. The ac susceptibility Xac often shows intricate properties. The shape of Yacx T
curves demonstrete the existance of domain states and spin glass state [3] which needs

to be confirmed agaln by Mossbauer or Nsutron diffraction studies.
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Farrites exhibit the properties of ferromagnetics in which the
spo’n’taneous magnetisation is maximum at absolute zero. If the temperature inxreases, the
spontaneous magnetisation decreases and at perticular temperature the transition from
ferromagnetic prase to paramagnetic phase occurs . This temperature Is called curle
temperature. According to Neel and Gorter the curie temperature of ferrities depands on

distance of matallic lons on two sifes A and B.

in this chapter, the studles of magnetisation, hysteresis, suseeptibiiity ,curie temperaiure '

are discussed.

3.1 MAGNETISATION IN FERRITES :

The magnatsation of a solid material as a whole, Is a vector sum of

magnetisation of each of domains.the contribution of each being weighed by its fraction of
total volume, Thus the net magnetisation of the solid ranges from zero, if the wighed vector
sum is zero the net magnnetisation is maximum , if the solld Is single domain with all the
atomic moments aligned in a given diraction.

.The magnetiseiion in spinel structure can be explained on the basis
of Neel's tvvo sublattice model to a large extent. The normal spinel ferrite is non magnatic.

For the inverse spinel ferrite the magnetisation ¢can be deduce as,

(FEHA (M2t Fedt)B 0.2 3.1

The nel moment Is only due to M:. divvalent metal lons as the Fea. lons on A sites are
couplad with their spins ahtlparauel to thosa of Fea. lons on B sites .
(Fea 5ps) (Fee  SusMe ) (3.2)

Suppose M, a trasition slement with n electrons In the d-shell, the magnetic momant per
unit foumula is (nLls ) or (10-n) B depending on d-shell which is filled less than half or

more than heif respectively . The degres of inversion [s fraction of X of the divalent matal

fons that are on B-site .The arregement of moment could be written as



[(1-X)M “(Fe J[(1-7% )Fes XM] --- (3.3)
and the net magnetic moment Is given by the difference between momenis on A site and B
site as,

e =M (1-2X)-10(1-X) (3.4)

For normal spinel X=0.

and for inverse spinel X=1.

3.2 MAGNETIC INTERACTIONS IN FERRITES .

Three kinds of magnetc interactions are possible In ferrites,

between the metallic ions through intermidiate O 2- jons by superexchange mechanisam
namely, AA B-B and A-B interactions. The magnitude of interaction energy depends on
angel between Me . 0-Mell and the distance from these ions to oxygen ion. An
angle of 180° wiil give rise the highest exchangs energy and the enargy decreases
rapldly with Increasing distances.The varlous possible configurations of the lon pailrs in
spinel ferrites with fovourable distances and angles for an effective magnetic Interaction
as invisaged _by gorter (4) and as shown In fig 3.1 Out of these configurations A-B
interaction Is predominant, B-B Interaction Is intermidiate and A-A interaction is the

weakast, as both distances and angle hetween two lons are not favourable,

3.3 HYSTERESIS :

According to weliss the random orlentation of tiny magnetic domains

would lead to zoro magnetisation. The net magnatisation exhibited in the presence of small
applied magnetic fleld Is a consenquences of orientation of direction of magnetic domains

in the direction of appllad magnetic fiald.

The magnetisation will Increase in applisd magnetic fisld and reaches to

a saturation vaiue at certain critical field .Theé cuive OABC Fig 3.2 is caiiéd maghelisaling

curve,.if the magnetisting field Is reduced to zero and an increasing reverse field is applied,
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the original magnetization curve OABC Is not followed, but a lag of magnatisation to the
magnetizing fisld occurs. Increase In the reserse flald leads to saturation In reverse
direction and Iif the fleld Is again returned to the original direction, the complete cyclic loop
CDEFGC (Hysteresis) is obtalned as shown in Fig 3.2 .

in order to discuss the suitability of electrical and elsctronic
applications to describe the magnetization proccess In a quantitive manner [5]. The cyclic
joop relates directly to a.c. applications.The area Inside the ioop is Indicative of losses

occuring due to travesal of the foop.

The magnitude of initial susceptibility % o and the maximum
susceptibility Is determined by the siope of the tangent to the magnetizing curve. initlal
permeabilirty can be meaesured by hystersis loop, Ifthq magnetic induction is plotted
aginst magnetising flald. The coercive flald He Is required magnetisizing fleld to
demagnelise the specimen completely from retentivity (Mr). Then retentivity is the residual
magnetiziation at zero fisld. The saturation magnetlsatiori Is given by the point 'C' of the
loop. The coercive field is found o vary from 10 -1 to 1043 Oel6].

The ﬁysteresis loop of micropowder can be classified in four types [7] as
1) Multy Domain (MD) 2) Singel Domain (SD-UA)
3) Singel Domain (8D-CA) 4)Superparamagentic (SP)
Hysteresis properlies, are mainly dependant on chemical composition, heat
treatment crystal structure, cation distribution, atmosphere of sintering and final fabrication.

Experimental techniques for the measurement of magnelic properlies are described by

Maxwell [8]. Hystersis loop can be iraced out with the help of hysteresis loop tracer.

3.4 SUSEPTIBILITY :

The susaptibility is defined as the ratio of the magnetization (M) produced in the

substance o the applied magnetic fieid (H) as



K=M/H emu / cm3 Oe = (3.5)

Bince M is the magnetic moment per cm3 , Kis calied volume susceptibility

The mass susceptibility ( ¥, ) is defined as

A = K/p emu/gQOe . (3.6)
p = Density ¢

Qf all intrinsic properties Characterising a magnetic substance, magnetic
susceptibliity is the most convinlent and useful one, for exiracting many. important
information related to physical.chemical and magnaetic state of substance.

Susceptibliity study Is very useful In order to invoke the grain size effects
like a very fine stable SD particles bacome SP particies on heating to temperature of
several degree below the curle temperature. When the thermal energy of SD particles
becoms comparable to the effective magnstic anisotropy energy, SD particle called super
paramagnetic ( SP). Under these conditions, magnetisation direction fluctuate between the
sasy axes of the grain. In such a state, the grein s sald to exhibiting
superparamagnaetisation, and for the voiume (V) of the grain the temperature Is referrsed to
as blocking temperat“ure (Tb) , which will be less than curle temperature (T¢) of the
material. The volume (V), the saiuration magnetisation (Js) end coercive force (Hc) are

relatad by Nesl [9] as

Vde He = 2KT» (3.7)
Whers K -- Boltzman constant.

Thus, the SP can be change to SD by cooling below their Tb.

The susceptiblity become Infinite and the spontaneous
magnetisation appears at perticular temperature called curie or Neel temperature. The
transition from ferro to paramagnetic region is not sharp in each case but gives talling

affect due to spin ciusters (l.e. short rangs sping ordering).



The low field a.c. susceptibiiity plays an important key rols in the
study of spin glass behaviour. The cusp et low temperature [10,11], sudden change In

Aac = T curve as well as value of Y ac [12] or maxima [13] in the low field a.c.

susceplibility versus temperature Characterise the spin glass behaviour.

3.5 CURLE TEMPERATURE :

In ferromagnetics the domain ordering is due to presence of Intemnal
molecular fleld as is found to be maximum at O°K. Therefore, the spontaneous
'magnetisauon Is found to be maximum at absoiute zero.

V The spontaneous magnetisation decreases with increase In
temperature. At curie temperature, the spontaneous magnetisation lost by the substance
and the paramagnetic phase results. Thus curie temperature seperates the disordered

paramagnelic phase from the ordered ferromagnetic phase.

Forrster studied the Nix Zn1-x Fez0: system to show the variation
of curle teamperature and AB interaction. Curie temperature of ferrites have besn found to
be closely related to Fe3+ Q. Fe3+ and other magnetic linkage via the interaction
snergy per linkage [14] . Substitution of non—magnetic lon reduces the cutie temperature.

The relation between curle teamparature and catlon distribution is given by Gilleo [16].

3.8 MAGNETOSRICTION :

Ferrites change their length when they are magnetized.
This dimensional change of the crystal as a function of magnetization Is known as
magnetostriction and it plays an important role in domain geometry and in practical use of

transformer materials.



The Incremental change may be positive or negative fordifferant
materials at saturation. Most of ferrites exhibit negative incremental

change except for few cases like Fe2Q4

3.7 EXPERIMENTAL:
3.7.1 MAGNETISATION MEASUREMENTS

The saturation magnetisation of samples were carried out by
using the high flelds hystevesis loop tracer . The instrument used for this
measurement Is shown infig.3. 3.

it consists of electromagnet and pick up coil . The pick up coll
contains double coll with equal turns as well as area . when a. ¢. current s supplied to
the elactromagnet an alterinating emf Is produced in the coll . The Induced emf is
properticnal to the magenstisation of the sample. The current was calibrated In terms of

magnefic filds . Further detalls of givan elsewhere [ 16] .

3.7.1.1 Callbration and Measurement of Saturation Magnefication :

The vertical displacement on ¢.r.0. Is cellbrat\lon for pure nickel
samplo;of mass 0:2679 grams. The selechive range calibration on oscilloscope (s kept
fixed on 0.1 volt per division for all samples . The current in control unit of power supply is
120 mA 1t gives vertical output of 0.27 v. As the standard magnetisation for the nickel
sample Is 53.34 emu/gm total magnificetion of nickel Is .

53.34 X .2679 = 14.2897.emu/v.

Therafore calibration of height of the hysteresis loop on.
vertical cisplasement is given by calibration factor = 0, 05282

The vertical displasement for each sample is noted by introducing
sach paliet seperately into the air gap betwin the pole pisces. the saturation magnefication

. Is cafcutated by the relation,






vertical output in volts

Ms = A density emu/gm...... (3.8)
mass of sample

The magnific moment per formula unit in B magnetons is glvan by.

Ms X mol. wt. ofunitcal

Te-

5585 X dx

where dx = actual density of sample in gm/cc.

$.7.2 AC SUSCEPTIBILITY :

The low fieid a.c. susceptility measurement of powered samples were
taken in temperature region 300--850°k using the double coil set up [17] shown in fig. 3.4,
operaling st a frequency of 263 hz and in v.m.s. field of 7 Oe.

The set up consist of two Helmholtz coil to produce uniform fieid at pick up coil A
furenace is fabricated by winding the platinum wire on cilica tube is used to heat the
sample. To avoid over heating of the coils a glass jacket with water circulation is usad.
The farnace is inserted in glass jacket which is placed in the center of pick up coil. Height
of sample tube is maintained such a way that the sample can stay &t the centre of the
double coil. The current to the Helmholtz coil is suplied by an oscillator and a high quality
power amplifier. The signal induced in the double coil, which is proportional o the rate of
change of magnetic moment of the sample, is amplified, ractified and read out on digital
voltmeter. The meter reading can be calibrated in term of magnetic moments. The
tempersiure of furnace is maintained by power supply. The temperature was measured by

calibrated platinum--platinum--rhodium thermocouple. The sample was gradually heated
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end at various tempeatures the signal corrosponding to the magnetic moment was

recorded. The heating wes continued till the signal was reduced to zero.

3.8 RESULTS AND DISCUSSION :—
3.8.1  MAGNETISATION AND MAGNETIC MOMENT :

The magnetisation study was made at room temp. with the help of

hysiersis method. The saturation magnetisation (4xdMs) and magnetic moment nB for

these samples are given in table 3.1 . The curle temperatures of these samples are also
noted in the same table. The values of 4n Ms and ns for
MgFe: O« and CuFe: O4 nearly agree with the reportad values,

in Zn contalning Cu and Mg ferriles the magnitisation increases
upto Zn = 0.3 and then decreass with increass of Zn content. In the serles MgxCur- «
Fe: Qs the magnitisation decreases with x. These observations are as expacted and the
maynstisation behaviour can be explained on the basis of Neel's molecular flsld model.
Agcording to this model A - B Interaction is more effective and stronger than A-A end B -
B interactions. The net magnetic momant of the lattics Is given'by the vector sum of the
magnetic moments of A and B sublattice ( M.= Ma - Ma ). In this model colinear
arrangement ¢f magnetlc moments of individual sites Is presumed l.e , the magnetic lons
on sach sublattice are ferromagnatically aligned.

The cation distribution for Zn ¢antaining ferrites can be written as
{(Fer.x Znx) [Fe v Mgs x] According to site preference energies given by Miller [ 141,
the Cu and Mg lons preefer B site and Z lon occupy A site. The magnetic moment of this
catlon distrubstlon is calculated by the formula ( 3.4) Basleally there are three types of
interactions In ferrites i.e A-A, A-B and B-B, where as A-B Intraction Is strongest one,

it was experimentelly found that , the addition of small amount of Zn

{0 MgFe: Q4 causes the increase of maganatic moment. At Zn contalnt higher than 0.3, the
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Table No. 3.1 Compositional variation of magnetic moment and saturation magnetisation of

mixed ferrits.

Sample Ng M, 4nMS
(1B) emu/g

MgFe,O, 0.6334 59.44 746.56

Mg, Zn Fe,0, 1.0182 101.01 1268.67

Mg, Zn [Fe,0, 0.6953 62.71 787.63

Mg,Zn Fe,O, 0.7009 72.86 915.12
{mixed)

Mg, Zn Fe,0, 0.3489 31.91 400.87
{mixed)

Mg ,Cu ,Fe,O, 0.4830 48.09 604.01

Mg ,Cu [Fe,O, 0.7319 69.22 869.40

Cu,Zn Fe,0, 1.8482 181.50 2279.64

Cu,Zn Fe,0, 1.1793 97.15 1220.25

CuFe,O, 1.1910 122.28 1635.83
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2xpsrimentaily measured maganatic moment decreases more and more from the theorricai
one [ 18,19} . The aadition of Zn?-* ions forces the same number of Feo+ ions from A-
site to B—sha. giving rise to higher ordering of lonic spins in B site as well as to the
excepted increase of the net maganatic moment, Whan the Zn content exceeds beyond
0.3 the saturation magnetisation decreases, This ¢ould be related to the decrease of
Fa3+ ions on A-site giving rise to the reduction of A-B interaction . The ionic spins of B-
site are no longer held paraliel to one another and thelr angular orlenation result in
reducing the net magenatic moment . The ne values are noted In table 3.1
Curls tempratures of these sampies measured by a.c.

susceptibilty method are given in the same tabls curle temp decrease with increase of Zn
content. The inclusion of non-magenatic ions Zn generally decreases the curle temp. curie
temp. of ferrites have been found to be closely related to Fea-0 - Fes linkages, its
strangth and angle between cations. in the present system addition of Zn reduces the
strength of the linkages. Hence the decrease in curle tamp,

: From {able 3.1 it Is observed that the values of saturation
magnetlsazioh for -the ed samples are less than that of samples prepared by c¢o-
precipitation method. This may be due to diffrent preperation conditions, their chemical

Inhomoginity and density of the sample,

3.8.2 AC. SUSCEPTIBILITY WITH TEMPERATURE :-—

High temperature a.c. susceptibility measurement were first
carried out on lron by HOPKINSON [ 20 ] who showed that it reached a peak valus just
before Te and become Zero rapldly. Applying this technique , Radhakrishnamurthy et al
[21] have explored the complex magnetic behaviour of titanomagnetites.Ferrites have been
studied by this methodby many workers(21,22,23).Three types of peaks have been
reporied in xac-Teurves( i) Hopkinson peak is the one occuring just before the Te of any

magnatic materias in the mult domain states. (il ) isotrople peak, which could be seen
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clearly for a magnetic material in multidomain form end only if the material has a temp. al -

which the magneto crystailine anisotropy Is zero. (il )single domain peak which could be
oblained only If the sample undar Investigation has a substntial proportion of single
domain particles in it and occurs at the blocking temp. ( Tb )of the particles.

Fig 3.(i)show the variation of XT with T for Mg+ Zns Fez04. curve
(&) is for the sample prepared by co -precipitation method but not sintered (b) the same

sample sintered at 600°c and (c)at 300°c. The as it is sampie show a contineous decregse

of X with temp. the susceplibility increases with temp. and show a mexima at 110°c and

then decreases and becomes zero at curie temp. for 600°c sintered sample. The
susceptibility remains constant near to curie temp. and decreases and becomes zero a:
curie temp . for the sample sintered at 300°c . From these observations and concepts
discussed by other workers it can be inlerpritied that the as it is sample contains super
parsmagnetic parlicles. The tailing effect is more which may be due to inhomogeneous
and amorphus nature of the sample. When asample is sintered at 600 °C  homoginity can

be achieved in larger extent and particle size also increases. This clearly indicales the

single domein behaviour of the sample. Al higher sintering temp.(800°C ) the particale size-

again increases and the sample behaves like mullidomain type. The increase in partical
size due to sintering is also confirmed by X-ray diffraction method.Similar observations are
also made on mixed Mg.» Zn.s Fe2Oas ferrites. ‘[ﬂg. 3 (viii) ]
Simitar result is also observed in case of Mg - Cua Fe:04

shown in fig.{3(i))]. This sample sintered at 600°C contains M.D+3D behaviour where as
MD behawviour fer 800°C sintered sample.

For the sample Mg.«Zne Fex0s and Cu.«ZndFe:04 the susceptibility contineously
decreases with temp.even the sample is sintered at different temperatures [fig3(ii(iv)]

However the sample Cu.« Zne Fe: O« sintered at 600°C  shows a slight increase of

susceptibility and then continaousty decreases with increase of lamp.
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in the previous discussion on magnetisation it is stated that at
highar content of zn the magnetisation decreases. This is reiated to the decreasss of A-B
iveraction and domination of B-B interaction which favours the canting in these
matarials.such metenals show a ¢ontineous decreass of susceptibility with temp., fig(iil-iv).
Stuiter s the observad result | 25].

The remaining samples shown In figures[3(v-vill)] represents the

MD typs of behaviour lrrespective of thalr sintering temperatures.

qv
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