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Abstract
The spinel ferrite series of Cd1AlxFe2-xO4 where x varies from x=0.0 to 0.5 in the steps of 0.1 were prepared by the
conventional ceramic method. The formation of single phase spinel structure was confirmed from XRD.  The
magnetization measurements of each sample in the pellet form were carried out at room temperature using high field
hysteresis loop technique and the values of saturation magnetization were obtained at 300 K from the hysteresis loop.
The magnetization data indicates canting behaviour. The measurements of the low field susceptibility of the samples were
made with respect to temperature within the range of 300 K to 750 K. A double coil set up was used for the
measurements. The variation of a.c. susceptibility with increase in temperature indicates normal ferrimagnetic behavior
of the system and that the system has multi-domain structure.

Introduction:-
The studies in spinel ferrites are of enormous importance because of their attractive combined electric and
magnetic properties. The magnetic properties of ferrites make them useful in transformers, ultrasonic
generators, modulators, phase shifters, isolators, memory devises, recording devices, sensors etc. In spinels
the intra sub-lattice interactions are weaker than the inter sub-lattice interactions. Due to this there are
unsatisfied bonds in the ferrimagnetic region which brings various exchange interactions. These exchange
interactions in spinels allows variety of magnetic orders. The magnetic order can be controlled by proper
cation substitution. By substituting proper magnetic and non-magnetic cations we can get desired properties
resulting from cation distribution in crystal lattice.

The substitution for Fe3+ by another trivalent cation is one of the most effective means to control saturation
magnetization. The effect of cadmium substitution on structural and magnetic properties of nickel ferrite has
been studied by K. M. Jadhav et. al. [1].  Electrical Properties of Cadmium Substitution in Nickel Ferrites has
been studied by Ande Ashok et. al. [2].  Effects of cadmium on physical and magnetic properties of  Co-Cd
ferrites has been studied by Saroaut Noor  et. al. [3].

In the survey of reported work so far, there is no information available to our knowledge about the systemic
study of the magnetic properties of mixed magnetic oxides CdFe2-xAlxO4. Therefore, view of this fact, it is
proposed in the present investigation to study the effect of substitution of non-magnetic cation Al3+ on the
magnetic properties of these mixed ferrites.

Experimental:-
Magnetization measurements
The spinel ferrite series of Cd1AlxFe2-xO4 where x varies from x=0.0 to 0.5 in the steps of 0.1 were prepared
by the conventional ceramic method. To study the structural aspects of the prepared ferrite samples the X-ray
powder diffraction method was employed. The magnetization measurements of each sample in the pellet form
were carried out at room temperature using high field hysteresis loop technique. The values of saturation
magnetization  (σS) and magneton number (ηB) i.e. the magnetic per formula unit in Bohr magneton of all the
samples were determined. To begin with the instrument was first calibrated by using the sample of pure
nickel. The magnetization values of other samples were then determined with the help of calibration done with
pure nickel sample. Pure nickel has saturation magnetization of 54.39 emu/gm.. Magnetization is noted on the
Yaxis of C.R.O. Saturation magnetization was determined with the help of loop that appeared on C.R.O.
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Susceptibility measurements
The measurements of the low field susceptibility of the samples were made with respect to temperature within
the range of 300 K to 750 K. A double coil set up was used for the measurements. The set up consists of
Helmoltz coil, pick up coil, furnace and sample holder. The pick up coil is located at the centre of Helmholtz
coil. The turns of pick up coil are in such a way that emf induced in them nullifies each other. The magnetic
field was produced using double coil set up operating at the frequency of 260 Hz and r.m.s. field varied
between 0 to 10 orested. The temperature variation is achieved with the help of furnace made up of platinum
wire wound on silica tube to eliminate inductance effect. This coil is kept inside a tube which is properly
insulated from outside.

The sample is placed inside the sample holder tube made of quartz. The thermocouple was inserted in such a
way that it touched the sample. The signal corresponding to magnetic moment was recorded at various
temperatures. The measurements were carried out from room temperature to well beyond Curie temperature
(Tc).

Results and discussion:-
Magnetic Properties
The X-ray diffraction patterns of all the six samples of the  Cd1AlxFe2-xO4 system are shown in figure (1). The
formation of single phase spinel structure was confirmed from XRD. The magnetic properties of all the
samples were studied by obtaining the values of saturation magnetization at 300 K from the hysteresis loop.
Hysteresis loop was observed for all the samples indicating their ferrimagnetic nature. The The saturation
magnetization (σs) was calculated from the hysteresis loop and the magnetic moment per formula unit in Bohr
magneton (ηB) by using the relation [4]
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The values of saturation magnetization and magnetic moment are summarized in table (1). The saturation
magnetization increases with increase in Al3+ content. Non-magnetic Al3+ ion replaces magnetic Fe3+ ion and
this increases canting angle at B-site thereby increasing net magnetization. The magnetization data indicates
canting behaviour. Neel’s two sublattice model of ferrimagnetism fails to explain this trend of magnetization.
The values of magnetic moment indicate that the system obeys triangular arrangement of spin as proposed by
Yafet and Kittle theory of ferrimagnetism in which there is non- linear spin ordering. The physical origin of
this spin arrangement is from the canting of spins in the B-sublattice due to weakening of intersublattice
interaction JAB and enhancing intersublattice interaction JBB as non-magnetic Cd2+ occupies A site. In case of
spinels   JBB is antiferromagnetic, the B sub-lattice splits into two sublattices forming YK angle between the
directions of their spins. According to S. Geller the magnetic moment is given by

ABB MCosM   ------------------------------------------ 2

where, MB and MA are the B and A sublattice magnetic moments in µB respectively and θ is the angle between
two sublattices B1 and B2 at B-site.

The magnetic moment of A site is zero as Cd2+ which is non-magnetic completely occupies A site. Therefore
the resultant magnetic moment is the net magnetic moment of B-site. The magnetic moment of B-site is very
low due to canting between two sublattices B1 and B2. For x=0 the canting angle is very small and hence
resultant magnetic moment is very low. As Al3+ increases the canting angle also increases and hence the
resultant magnetic moment is found to increase with the increase in Al3+ content.

Susceptibility
The variation of a.c. susceptibility with temperature for all the samples is shown in figure (1). The plots of low
field a.c. susceptibility χT/ χRT against temperature T for each of the samples show typical ferrimagnetic
behavior. The curve suggests the presence of magnetic domains. A peaking behavior is observed in the curves
(x>2) near the Curie temperature (Tc). The curie temperature of the ferrites is a temperature at which the
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ferrimagnetic material becomes paramagnetic. The temperature corresponding to the peak in the figures is the
blocking temperature, which increases with the increase in A13+content. The blocking temperature
corresponds to the transition of magnetic particles from single domain (S.D.) to multi domain (M.D.) state [5].
This temperature is also indicative of the change in magnetic state i.e. ferrimagnetic substance to super-
paramagnetic substance.

The curie temperatures from a.c. susceptibility data are listed in the table (2). The Curie temperature increases
with increase in Al3+ content. The Curie temperature increases because Fe3+ ions are gradually replaced by
Al3+ ions which decrease the magnetic ions at the B site and also strengthens the B-B exchange interactions.
Thus the thermal energy required to offset the spin alignment increase which increases the Curie temperature.

Conclusions
The system Cd1AlxFe2-xO4 with x = 0.0 to 0.5 (with step of 0.1) has a single phase spinel structure. The
magnetization data indicates canting behaviour.  The saturation magnetization increases with increase in Al3+

content. Non-magnetic Al3+ ion replaces magnetic Fe3+ ion and this increases canting angle at B-site thereby
increasing net magnetization. The values of magnetic moment indicate that the system obeys Yafet and Kittle
theory of ferrimagnetism in which there is non-linear spin ordering. The variation of a.c. susceptibility with
increase in temperature indicates normal ferrimagnetic behavior of the system and that the system has multi-
domain structure. The curie temperature of the system increases with the increase in Al3+ content this is due to
increase in magnetic moment.

Acknowledgement: BCUD, Savitribai Phule Pune University for funding this as MRP.

References
[1]  K. M. Jadhav et. al.  Chinese J. of  Chem.  Phys. Vol. 23, No. 4 Aug. 27 (2010)
[2]  Ande Ashok et. al. World J. of Condensed Matter Phys., 2 (2012) 257-266
[3]  Saroaut Noor  et. al. J. of  Ban. Acad. of Sci. Vol. 35, No. 2  (2011) 229-235,
[4] J. N. Smith, Magnetic Properties of Materials, Mc Graw- Hill, New York.
[5]  C. R. Krishnamurthy and N. G. Nanadikar, Pramana J. Phys., 13 (1979) 419.

Figures

Figure 1. Typical X-ray diffractograms of the Cd1AlxFe2-xO4 system.
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Figure 2.  Variation of Susceptibility with Temperature and with Al3+ content for Cd1AlxFe2-xO4

Tables

x Saturation magnetization
σS (emu/gm)

ηB (μB)

0.0 1.4 0.07

0.1 4.4 0.22

0.2 11.3 0.57

0.3 25.2 1.26

0.4 36.9 1.82

0.5 48.2 2.36

Table 1.  Saturation Magnetization and magnetic moment in Bohr magneton for Cd1AlxFe2-xO4 system.

Composition
x

Curie Temperature TC (0K) from
Susceptibility

0.0 565

0.1 590

0.2 615

0.3 650

0.4 680

0.5 710

Table 2. Curie Temperature TC (0K) from Susceptibility for Cd1AlxFe2-xO4 system.


