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Abstract. A series of cerium doped cobalt ferrites were synthesized using the nitrate method. The effects
of Fe3+ ions substitution by Ce3+ ions on structural and magnetic properties of cobalt ferrite nanoparticles
were investigated. Crystallite size of the nanoparticles of cobalt ferrite depends directly on the thermal
treatment and their compositions. Specific surface area varies from 108 to 28 m2/g as the crystallite size
increases from 10nm to 40nm. X-ray density is found to be maximum for the lowest sintering temperature
and it becomes almost constant above the sintering temperature of 500 oC. Variation of lattice parameter is
complex with sintering temperature. The value of saturation magnetization is increased gradually with
crystallite size. The value of coercivity is decreased with sintering temperature and the remanence is first
increased and then decreased. The value of the saturation magnetization for larger size particles of the pure
cobalt is significantly higher (83.4 emu/g) than the bulk value (80 emu/g).
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1. Introduction
Ferrites are magnetic ceramics of great importance in the production of electronic components as they
have wide applications from microwave to radio frequency range [1-2]. Cobalt ferrite is a well known hard
magnetic material with high coercivity and moderate magnetization. These properties along with their
physical and chemical stability make them suitable for magnetic recording applications such as in audio and
videotapes and in high density digital recording discs etc. Cobalt ferrite is ordinarily an almost inverse cubic
spinel in which the degree of inversion is critically determined by the preparation conditions. It is having
ferrimagnetic behavior with a Curie temperature of around 520oC [3].The magnetic moment among
lanthanide ions vary from 0 (such as La3+) to 10.5µB (Dy3+). Moreover, lanthanide ions can be isotropic or
anisotropic due to the variation in the f electron orbital contribution to the magnetic interactions. Therefore,
the diverse properties of the Ln3+ (lanthenide) ions make them interesting candidates for doping CoFe2O4
nanoparticles to modulate the magnetic characteristics [4].

2. Experimental Details
A series of cerium doped cobalt ferrite (CoCexFe2-xO4 with x=0.00, 0.02 and 0.04) powder was
synthesized by using nitrate route [5-6]. The stoichiometric amounts of Fe(NO3)3.9H2O, Co(NO3)2.6H2O and
Ce(NO3)3 .6H2O were dissolved in distilled water. In the aqueous salt solution, citric acid solution was added
with the cations to citric acid molar ratio of 1:3. The solution was heated at 80 oC under constant magnetic
stirring until the solution got converted into a viscous gel, and was allowed to cool at room temperature. The
cooled gel was dried in a furnace at 100oC for overnight to form the precursor material. The precursor
material was sintered at different temperatures ranging from 300 to 900oC for 2 hrs to get the nanoparticles
of cobalt ferrite having different particle size.
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3. Results and Discussion
3.1. XRD study
Figure 1 shows representative XRD patterns of the cobalt ferrite sintered at 300 and 900oC and it
confirms the formation of pure phase of CoCexFe2-xO4 (x=0.00, 0.02 and 0.04) nanoparticles. The phase
analysis was done with JCPDS card number 03-0864. The crystallite size was determined by using the
Scherrer formula for strongest peak obtained from XRD patterns [7] as:  D   Kcos  , where λ is the
wavelength of X-ray used, θ is the Bragg’s angle, β is the full width at half maximum (FWHM) in radian and
is a constant approximately equal to 0.9. The average crystallite size for CoCexFe2-xO4 samples increase
from 10±1 to 40±1nm for x=0.00, 12±1 to 50±1nm for x= 0.02 and 10±1 to 57±1nm for x=0.04, as the
sintering temperature increases from 300 to 900oC. These results are in good agreement with the values
reported in the literature[8-9]. The lattice parameters were calculated with the help of the relation:
a  d hkl h 2  k 2  l 2 , where h,k,l are the Miller indices of the planes having interplaner spacing ‘dhkl’.
The introduction of small amount of cerium ion gives a detectable change in the lattice constant. For pure
cobalt ferrite lattice parameter was found to be 8.341±002 Å at the sintering temperature of 300 oC. This
value increases to 8.385±.002 Å at the sintering temperature of 400oC and remains almost constant up to the
sintering temperature of 900oC. In case of doped ferrites (x=0.02 and 0.04) also similar behavior of lattice
parameter with the sintering temperature is obtained. Since the ionic radius of Ce+3 ion (1.02 Å) is higher
than that of Fe+3 ion (0.61 Å), the replacement of iron ion by cerium ion leads to the increase of lattice
parameter. Assuming all the particles to be of spherical shape, the value of specific surface area of
nanoparticles was determined by using the relation [10-12] S  6000 / D m2/g, where 6000 is the form
factor for spherical particles, D is particle diameter and 𝜌 is the x-ray density. It was found that specific
surface area decreases almost linearly as the sintering temperature increases from 300 to 900 oC. The value of
specific surface area for pure cobalt ferrite varies from 108 to 28 m2/g while it varies from 112 to 22 m2/g for
the Ce concentration of x=0.02 and 123 to 19 m2/g for x=0.04. These values are in good agreement with the
values reported by other workers [12]. X-ray density ρ was calculated by using formula [13]
  8M / Na 3 g/cm3, where M, N and a are the molecular weight, Avogadro’s number and lattice parameter
respectively. The factor 8 is due to the fact that there are eight molecules of cobalt ferrite per unit cell. The
values of x-ray density for cobalt ferrite (x= 0.00) decreases from 5.37 to 5.28 g/cm3, as the sintering
temperature increases from 300 to 400oC. Above this temperature it remains almost constant at a value of
5.28 g/cm3. The value of x-ray density for the doped ferrites (x= 0.02 and 0.04) show similar behavior with
respect to the sintering temperature. The decrease in density may be due to increase in porosity in the system.

Fig. 1: XRD patterns of CoCexFe2-xO4 (x=0.00-0.04) samples sintered at 300 and 900oC.

3.2. VSM study
Figure 2 shows few representative hysteresis loops for the samples sintered at 300 and 700oC. It is
observed that the magnetization of the specimen do not saturate up to a field of 10 kOe. The saturation
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magnetization was calculated by fitting the high field magnetization data using the relation [14]:
M  Ms(1  a / H ) ,where Ms is the saturation magnetisation, ‘a’ is the fitting parameter and H is applied
external magnetic field. The specific magnetization measured at room temperature at high field strength
varies almost linearly with 1/H. The saturation magnetization is estimated from the intercept with the
magnetization axis as 1/H approaches to zero. Figure 3(a) shows the variation of coercivity with sintering
temperature. The coercivity of pure cobalt ferrite decreases from 1488 to 311 Oe as the sintering temperature
increases from 300 to 900oC. For cerium doped cobalt ferrite (x=0.02 and 0.04) coercivity decreases from
1177 to 567 Oe and 1144 to 498 Oe respectively. The variation of coercivity may be explained on the basis
of domain structure, critical diameter and the anisotropy of the crystal with the increase of sintering
temperature, which ultimately controls the grain size of the specimens. In the single domain region as the
grain size decreases the coercivity decreases because of thermal effects [10,13,15]. In the multi domain
region the variation of coercivity with grain size can be expressed as H c  a  b / D , where ‘a’ and ‘b’ are
constants and ‘D’ is the diameter of the particle. Hence in the multi domain region the coercivity decreases
as the particle size increases. The variation of remanence and saturation magnetization with different heat
treatments are shown in figure 3(b) & (c).
The saturation magnetization of the samples increases almost monotonically with the increase of
sintering temperature both for pure and doped cobalt ferrite. For x=0.00(cobalt ferrite) it increases from 35.2
to 83.4 emu/g; for x=0.02 from 33.5 to 78.2 emu/g and for x=0.04 from 29.2 to 73.7 emu/g as the sintering
temperature increases from 300 to 900oC. These values of Ms are larger than the values reported in the
literature [16]. For smaller size of particles Ms value is low, this behavior may be attributed to the surface
effects that arises due to the distortion of the magnetic moment at the nanocrystallite surface which could
serve as a non-magnetic layer [17]. The effects are weaker as the size of the nanoparticle is larger.

Fig. 2: M vs H loops for CoCexFe2-xO4 (x=0.00,0.02
and 0.04) samples sintered at (a) 300 and (b) 700 oC.

Fig. 3: Variation of (a) Hc, (b) Mr and (c) Ms
with sintering temp. for CoCexFe2-xO4 samples.

4. Conclusion
XRD patterns show the formation of pure crystalline phase of the cobalt ferrite by using the nitrate route.
The crystallite size varies from 10 to 40 nm depending on the sintering temperature of the specimen. The
specific surface area decreases with the increase of crystallite size for all the compositions. Vibrating sample
magnetometer study shows the ferrimagnetic nature of the cobalt ferrite nanoparticles. Saturation
magnetization increases from 35 to 84emu/g as the sintering temperature varies from 300 to 900 oC for pure
cobalt ferrite.
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