
Mg HftP
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STUDIES ON SUSCEPTIBILITY AND MAGNETISATION

A) SUSCEPTIBILITY

4.1) Introduction : Ferrites are ferrimagnetic materials
that exhibit ferri to paramagnetic transition above Curie
temperature. Various methods to experimentally measure the

l °Curie temperatures exist in the Literature. *" However, 
the resistivity and susceptibility studies also indicate this 
transition temperature satisfactorily. The magnetic behaviour 
of the material (Ferrimagnetic to paramagnetic) and informa­
tion on the single Domain (SD) to Super Paramagnetic (SP)
transition are also revealed by the ac magnetic susceptibility 

3studies.

Oflate susceptibility studies have been carried out
on a large scale. R.G. Kulkami et al. * * have reported
ac susceptibility studies on Co-Ca ferrites, Cu-Cd ferrites

5and spinel system GexCui-xPe2°4« R.S.Chaugule et al. have 
reported ac magnetic susceptibility and hysteresis studies 
on Lai-xYxMn2S*i2 intermetallic compounds and found Multi 
Domain (MD) Single Domain (SD) and Super Paramagnetic (SP) 
states present in the material.

We have carried out ac magnetic susceptibility studies 
at various temperatures on the system CuxZn1_xFe2C>4. The 
results are discussed in detail.
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4.2) Experimental Measurement of X,#- T:

The variation of A.C. susceptibility with temperature 
is recorded on “The susceptibility and Hysteresis Apparatus 
Model RMSH—III" which is very versatile and highly sensitive 
Instrument for measurement of magnetic susceptibility of all 
kinds of specimens in an alternating field.

Susceptibility Measurement Principle t

A specimen kept in the centre of a balanced double­
coil which itself is at the centre of a Helmoltz's coil 
system producing an alternating magnetic field behaves like 
an alternating dipole and induces a differential emf in the 
double coil. The current to the Helmoltz's coil is supplied 
by an oscillator and a high quality power amplifier.

The signal induced in the double coil# which is 
proportional to the rate of change of magnetic moment of the 
specimen# is amplified, rectified and read out on a Digital 
Volimeter (DVM). The meter reading can be calibrated in terms 
of magnetic moment. Knowing the magnetic field and volume 
of the specimen the susceptibility can be calculated. The 
sample was enclosed in a glass jacket in which thermocouple 
was placed to sense the temperature. Field was kept constant. 
Glass jacket was placed in the Helmoltz's coil. The Helmoltz's 
coil is provided with water circulation in order to maintain 
temperature (radiation losses).



Initially magnetic moment was minimised by removing 

the glass jacket. This is called Background effect. In order 

to vary the temperature the power supply was switched on.

For various temperatures the magnetic moments were observed. 

Accordingly the ratios X/ XRT at various tenqperatures were 

obtained.

4.3) Result and Discussion * Figure 4.1 to 4.4. show varia­

tion of ac susceptibility ( X/Xj^with temperatures. The 

curves indicate ferrimagnetic behaviour. The Neel temperatures 

or Curie temperatures are also indicated on temperature axis 

when X / XRT becomes zero. These Tc values experimentaly 

obtained by the method suggested by Loxltln.et al.1 Whatever 

deviation that exists may be attributed to the measurement 

error. The following observations have been made from the 

temperature variation of X / XRT.

I) Peaks appear in the temperature variation of X / XRT . 

These peaks are pronounced in the sample at a temperature 

of about 225°C while in the samples S2, S3 the peaks seem

to appear at the temperatures 370°C and 230°C respectively.

No peaks are exhibited by temperature variation of X / XRT 

in case of sanples S4, S5 and Sg.

II) The peaks appear to be decreasing in intensity with the 

addition of ZnFe2C>4 to CUFe2C>4. The peaks disappear when 

ZnFe2C>4 is added.
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III) The gradual decrease of Tfi Qn addition of Zinc.

Peaks are observed in X - T variation Ferromagnetic 
particles may be divided in to three size categories - 
(1) Multi Domain (MD) (II) Single Domain (SD), and (III) 
Super Paramagnetic (S.P.) characteristics of these particles 
are discussed below.

The first category consists of those particles that
are so large that they contain many domain walls that are
relatively unimpeded by imperfections. The second category
includes those particles that are so small that in addition
to containing but one domain, the thermal energy at the
temperature of the experiment is sufficient to equilibrate
the magnetisation of an assembly in short time compared with

6that of the experiment. Although such particles are some
7times said to be paramagnetic , the magnetisation of 

individual particle possesses long range order. The particles 
however, act as paramagnetic particles of very large moment 
and they will be called "supermagnetic particles". The third 
category contains particles that are single domain in all 
fields, and that accomplish their magnetisation by coherent 
rotation of the magnetic moments against anisotropies present 
in the particles. This class of the particles may not always 
exist, since the first two classes may overlap at some 
temperature.

A polycrystalline magnetic material may consist of
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these three types of particles depending on the thermal 
history of the sample preparation. It is possible to distin­
guish these states from the studies of susceptibility and 

8magnetisation besides the T variation also throw light 
on magnetic ordering.

The appearance of a sharp peak is one of the charac-
Qteristics of spin glass system.7 The temperature at which 

this peak appears is called freezing temperature and is 
associated with the co-operative freezing of magnetic moments 
in random directions. A pre-requisite for the spin glass type 
of freezing to occur the presence of random competition 
between ferromagnetic and antiferromagnetic interactions.
In a typical spin glass system such as Cu, Mn, this is achieved 
due to oscillatory nature of RK-KY interaction and the random­
ness of the separation between two Mn ions.^® The ferrite 
CtiFe204 order ferrimagnetically11 and has a Curie temperature 
of 728°K while ZnPejO^ orders antiferromagnetically where 
temperature is about 15° K.

By alloying with Zn in the tetrahedral sublattice 
disorder may be introduced in to the system with random 
cation distribution among the various sites in both the sub­
lattice respectively.*^

The observed peak in X^- T is attributed to SD-SP 
transition by Baldha et al* in case of Co-Ca ferrites. It
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14is suggested by R. Nagarjan et al. that there are SP
particles in the material then they would behave as S.D.
particles below the blocking tenperature Tb which depends
upon the individual cluster volume v and is given by the 

1 3relation*

VJsHc 2KTb

Js is the saturation intensity 
K is Boltzman constant.

14Bean et al. has established that for S.D. Hc is large, 
whereas it is almost zero for SP particles. Thus x which is 
inversely proportional to Hc is large for SP than SD.

Applying above concepts it can be said that there is 
a pronounced tendency of SD in the sample of CuI^O^ which 
is on the decrease in the samples Cu^gZn#jjFejO^ and

Cu0.6Zn0.4Pe2°4*

As the temperature of the sample is reduced from Tc# 
the values of x increase and after the temperature 250°CjXac 
shows a decreasing trend. This is due to more and more 
particles going to single domain state as they go below their 
respective Tb, the coercive force increases with decreasing 
temperature. This fact is also observed experimentaly for 
CUPe204. Thus decrease in X below peak temperature is also 
due to increase in Hc. Similar effect is observed for pure 
Cobalt ferrite and Zn substituted Co-ferrite.
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S. Satyanarayana et al. have observed peak at 260°C
16which is called isotropic peak. This type of peak is

predominate for samples containing M.D. states. Thus M.D. 
states are favoured in case of CuFe2C>4 above Tp «* 225°C.
The samples CuQ gZn0<2Fe2°4 and Cu0 6Zn0 4Pe2°4 which show 
decreasing peaks exhibit SD + MD states. This is also evidenced 
by the compositional variation of Hc which decreases on 
addition of Zn in CuFegO^, while the samples of 
CuQ 4Zn0<6Fe2O4 which does not show any peak has MD states 
only. The sample of ZnFe204 does not exhibit ferrimagnetic 
behaviour.

b) magnetisation studies

4-4) Introduction s Hysteresis studies of ferrite furnish 
valuable data on the permeability the saturation magneti­
sation Mg/ the coersive force Hc and the remanence ratio 
Mj/Mg. The applicability of the ferrites is due to the 
important data of hysteresis. The permeability values of 
ferrites change over wide range? therefore, ferrites are 
suitable for various frequency ranges.

Ferrites with low values of Hc are called as soft 
ferrites and they are used in the manufacture of high 
frequency Inductances, cores of transformers, motors and 
generators. These applications demand high permeability, 
low coersive force and small hysteresis losses of ferrites. 
Ferrites with high values of Hc are called as hard ferrites
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an3they are used as permanent magnets for various kinds of 
electric motors, loudspeaker, telephones, TV and other appli­
cations which also need high remanance. In 1949 Neel ha«i 
shown that the coersive force Hc is related with the crystal
anisotropy the saturation magnetisation, the internal stresses

17and the porosity.

The squareness ratio determines the utility of the 
ferrites in the magnetic memory and switching devices. Hyste­
resis properties are highly dependent on chemical composition, 
crystal structure, porosity and grain size distribution, heat 
treatment and machining history and so on. The preparation 
of ferrites with good squareness of loop characteristics 
demands most stringent conditions and atmosphere .

Maxwell described the experimental techniques for 
measurement of magnetic properties of ferrites. The satura­
tion magnetisation is important basic parameter and its 
measurement can be made by Ballistic method. The vibration 
coil magnetometer, the vibrating sample magnetometer, various 
force methods and microwave method.

The saturation moments of several mixed ferrites
Mx?nl-xFe2°4 bivalent ion like Cu, Mg, Mn, Ni etc.)
have been studied by Gorter, *8“21 Pautheuet, 22”24 Smit and 

25 26—35Wijn and others. " The decrease in magnetic moments 
is attributed to formation of paramagnetic Clusters, non- 
collinear spin cluster^8”2^ and site presence by the cations.



34Sawant et al have reported that non-coilinear magnetic
structure is responsible for the magnetic behaviour of Cu-

41substituted NixZn1_xFe204 as suggested by Yafet & Kittel.

We have carried out studies on field variation of the 
magnetisation and compositional variation of magnetisation 
for the system CuxZn1_xFe204. The results have been explained 
on the basis of Y-K theory.

4iS) Measurement procedure : The measurement of Mg, Mr and 
were carried out on the screen of oscilloscope illuminated 

adequately. Standard Ni-sample having saturation magnetisation 
of 53.34 emq/gram was used for the callibration of the screen 
when the current through the coil of magnet was 180 mA. 
Hysteresis loop was obtained on the CRO screen with the help 
of controls provided. The signal from the balancing coil 
after integration is proportional to the magnetic moment, of 
the specimen fed to vertical plates of the oscilloscope 
after suitable amplification. A signal proportional to magnetic 
field is fed to the horizontal plates of CRO. Thus oscillo­
scope displays magnetic moment Vs field that is the 
hysteresis loop of the sample, without disturbing controls 
of high field loop tracer and CRO, the samples of 
CUjjZn^^egO,! were introduced in to C core, of the magnet 
and hysteresis loop was observed for each sample for measure­
ment of Mr, Mg and Hc. The high field loop tracer operates 
on 230 Volt, 50H2 A.C.

A;-...^'LsviSi fJMi-.''
UbUVEBSiTY.
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4*6) Result and Discussion

From hysteresis pattern of room temperature of
CUjjZn^^F system, magnetization values have been calculated.
The experimental values of magnetic moment were obtained

42using the formula

Molecular Wt. X Ms
n St -------------------------- ' —--------------------

a 5585 X as

where ds is density of sample, is saturation magnetisation
in emu per gram was calculated as follows s

Ms = (1 - p) dg ds

where P is porosity.

We have used the following formula for the calcula­
tion of Y-K angles

ng * (6 + x) Coaotyj. - 5 (1 - x)

The following observation are made from the Compositional 
Variation of cty^ (Figure 4.£) and magnetization studies.

1} rig values increase in addition of Zinc up to 50%. A 
decreasing trend is exhibited by this variation when Zinc 
is added in excess of 50%. (.F#4’0
2) No nB values are observed for the samples ZnQigCUQ#2Fe2°4 
and ZnFe20^.
3) The Hc values decrease on addition of Zinc.
4) ocyfc increase linearly on addition zinc.
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The condition for y-k angles to occur in the Zinc 
containing system has been investigated by Satyamurthy et al.*2 

in molecular field approximation using a non-coilinear three 
sublattice model. Using this model the molecular fields 
acting on various ions in the Cu-Zn ferrites can be written 
as

Ml «*■ - r, 1
HA(Fe+3) >AA * P a P (l-x)mA(Fe‘f3)

Hg (CU+2} 
B1 a y* V y k i(l-x)% (Cu*2)

“ 1
HBi<Fe+3) p C 6‘ f 6 !(l+x)mBi<Fe+3)

Hr (cu+2) a y <c y* i(l-x)mg^(Cu+2)

Hg (Fe+3) 
“2

•M —

P k 6 k' h' |(l+x5mg (Fe+3)
2 2

Here HA(Fe+3> is the molecular field acting on the Fe+3 ion 

at the A- site due to all other ions and so on and

| mA(Fe+3) | * (Mg (Fe+35 | * | (Fe+3) | ■ — (5ng)
1 2 m

| mB(cu+2) | * | mg(Cu+2) | * (t ng\ )
' 2 M
mbx* ma = - \mB1 | I mAl Cos ay-k

MA = “ 1”%- i I mA I CoS>2 * * °2 • * ~ ■ ay-k* V*
and Mq ■ | mg | | 1 Coa 2 a1 2 yk

(4.2)

Here is Avegadro's number^M is molecular weighted is
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density of CuxZn1_xFe2Ol(j.

The molecular field constants relate to the following 
exchange interactions s

^ s A(Fe+3) --» A(Fe+3)

£ : A(Fe+3) —» Bi(Cu+3) 

y's Bi(Cu+2) —» B^Cu*2)

6' : B±(Fe+3) —» B^Fe4*3)

4 : Bi(Fe+3) —> B^Cu*2)

a : A(Fe+3) —» B^Cu*2) 

y s B^ (Cu4"2) —1B2( Cu4"2)

6 : B1(Fe+3) —» B2(Fe+3)

{- : B1(Fe+3) —^B2(Cu+2)

where i * 1# 2.

The part of the interaction energy involving the yk 
angles can be written as y a y', 6*6* and f = 4

E(yk) « []raA(Pe+3) ) |n»B<Cu+2) ) (1-x2) a

+ | «A(Fe+3) J | n^(Fe+3) ] (1-x2) p] Co9 ayk
- §[!% <Cu+2)l I (1-x2)/ +
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| Rig (Fe+3) I [ (Fe+3) | (1 + x)2 6 +
X 2

2 | rag (Fe+3) | ) rag (Cu+2) | (1-x2) M C03 2 ocyk ...(4.3)
X 2 J

Assuming moments for Fe+3 and Cu+2 be 5 rig and 1 rig,

then E (yk) becomes

E(yk) ■ [j5(l-.x2) a + 25 (1-x2) $JcoS «yk

- | [ (1-x2)/ + 25 (1 + x2)6 + 10 (1-x2) f ] COS 2ayk

The energy is minimum for I) Sin « 0 which corresponds 
to Neel*s arrangement

II) C03 a
5 (1-x)2 a + 25(1-x2) p

yk (l~x)2f/+ 25(1 + x)2 6 + 10(1-x2) (•

which represents the feasibility of y-k angles formation. 
Here for example,

22ab1« <Fe+3 ~ Cu+2>
a = ------------j------

where is the interaction between A(Fe+3) and
B^(Cu+2). is the nearest neighbour to A. ^ is

the Bohr magneton, NB^ is number of ions per unit volume, 
and g denotes the lande's splitting factor. On physical 
ground it is expected that , Jg* and J^i will be close 
to Jg, and J ^ respectively, but they are not necessarily 
equal. This is so as ZhPe2o4 is magnetically ordered at low 
temperature and 6*6' is not allowed.
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The molecular field constant can be obtained from 
the observed variation of saturation magnetization with Zn 
content. The exchange constant so obtained should be consistent 
with the existing data on similar ferrimagnetic systems. 
Detailed studies of the exchange interactions in the 
magnetite by Smart43 and Callen44 have shown that Jm obtained 
on two sublattice model is approximately 24°K. The constants 
obtained on two and three sublattice models are related by

AB 5 <4 + 5 Jf» >
44According to Callen Ja y J^. Prom the data on 

lithium ferrite
1
2 (j6 + j6.) o10 K

• Jo ■ J., - - 10°K• . 0 o
oActually Jg * - 10 and Jg» * - 11 K

Assuming that is approximately equal to product of the 
moments of the ions.we get

Ja(Pe+3 - Fe+2) * -20°K and Ja(Pe+3 - Cu+2) * - 5°K

Thus - 5.25°Ka

Finally the values of 6 and can be obtained from the best 
fit for the variation of saturation magnetisation with 
content of Zn using the relation
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»g * (6 + x) Cos ayJc - 5(1 - x)

where ng is expressed in the unit of Bohr magnetons. Since 
Jy = Jy» and J* Jp it is assumed that the primed values 
are the same as the unprimed values. Saturation magnetisation 
per formula unit in the Bohr magnetons at 300°K, the values 
of the exchange constants in °K used in calculating ayJc 
are as follows :

Ja * - 5.25, Jp * - 14.8, J6 * -10, Jy * - 389 - -4.53.

45These values have been suggested by Kulkaml et al.

Table 4.1 

Values of % and ayJc

X ng(300°K) ®yk
Experimental ®yk

Calculated

o 1.1 0 0
0.2 2.06 14° 10° 36'

0.4 2.36 33° 34° 18*

0.6 1.67 56° 55° 30*

0.8 _ 90° -

4*2It is seen that as Zn is added to Cui^O^ the ay^ angles 
appear. These angles increase linearly (Fig. 4.5) as the
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+2content of Zn is increased and when Zn replace* 8096 of 
Cu+2, the y-'x angles tend to 90° when spin arrangement of 
B-site collapses leading to vanishing A-B interaction. 
Theoretically as seen in the Table 4.1 y-k angles appear 
at x * 0.2 and become 90° when x * 0.8. Whatever deviation 
exists between calculated cty^ and experimental ayJc may be 
due to some transient effects in the measurement of magneti­
sation due to pulsed fields employed or some errors in the 
absolute values of exchange and molecular field constant 
used for calculations.

The field variation of magnetisation is given in 
figure 4.7, for the system CuxZn1_xI‘e204 (x « 1, 0.8, 0.6, 
0.4). It is seen that similar trend is exhibited by all the 
samples. The saturation magnetisation for all the samples 
is clearly seen and the trend is similar to compositional 
variation of Ug at a constant field.
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