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Abstract

Cobalt ferrite is characterized by a partial inverse spinellic structure, which makes it a
material with special magnetic properties that vary as a function of the cobalt concentration.
The special magnetic properties represent one of the parameters due to which cobalt ferrite is
of a great interest. In the present paper, we studied these properties from the perspective of the
effect produced by the precursors of CoxFes;.<O4 nanomaterial synthesis on magnetic proper-
ties, shape, and morphology characteristics to these nanomaterials.

Magnetic measurements were achieved with a SQUID magnetometer, while the struc-
tural and morphological characterization was achieved by X-ray diffraction (XRD), SEM-
EDAX and AFM.

1. Introduction

Cobalt ferrite (CoxFe;xO4) is a cubic ferrite with a spinelic inverse structure where the
Co cation occupies one half of the octahedral coordination sites [1]. One-half of the Fe®*
cations occupies the other half of the octahedral coordination sites as well as all of the tetra-
hedral coordination sites [2-4], its particles having interesting magnetic properties with appli-
cation in different areas, such as: bioscience, biotechnologies, medical sciences, electronics,
telecommunications, optics, magnetism, aerospace industry, energy storage, etc. [5, 6].

Cobalt ferrite CoxFes.<O4 exhibits unusual physical (optical, electrical, magnetic) and
chemical properties when its particle dimensions are reduced in nanometric range. It is a well-
known magnetic material, with high coercive force and moderate magnetization [7]. Particle
size represents the substance performance critical factor in magnetic activity monodisperse
nanoparticles.

Fine cobalt ferrite nanoparticles CoxFe; O4 have been obtained by chemical coprecipi-
tation from solutions of inorganic and organic metallic precursors, followed by low-
temperature calcinations [8, 9]. For comparing the properties of CoyFe; 4O4 nanoparticles ob-
tained from the above mentioned precursors, we studied the influence of synthesized precur-
sors on magnetic properties and dimension nanoparticles.

2. Experimental

CoFe; 4 O4 were obtained by the chemical coprecipitation method with different cobalt
concentration: x = 0.2,...1.5 mol. The precursors used in this study are: ferric accetylaceto-
nate (C;sHy1FeOg) and ferric nitrate (Fe(NOs); x 9H,0), with cobalt nitrate (Co(NOs3); x
6H,0). All the chemicals and reagents used were of high purity (over 99%) and commercially
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available (Aldrich and Merck). The reactant solution was mixed with the molar ratio men-
tioned above under continuous stirring at a temperature of 70-100°C for two hours, followed
by simultaneous oxidative precipitation under controlled conditions using aqueous NaOH so-
lution 0.5 N. The obtaining of particles with uniform dimensions was facilitated by the tem-
perature conditions.

Particle size, morphology and properties of the cobalt ferrite nanostructures were inves-
tigated by X-ray diffraction (XRD), scanning electron microscopy (SEM - EDAX), atomic
force microscopy (AFM), and magnetic measurements.

3. Results and discussion

The X-ray diffraction patterns show that all the samples are single-phase cubic spinel
for the CoxFe;.xO4 nanoparticles obtained by coprecipitation method from organic (sample a)
and inorganic (sample b) ferric precursors (C;sH;FeOg; Fe(NO3); x 9H,0) with cobalt nitrate
(Co(NOs), x 6H,0) in molar ratio 2:1 is presented in Figure 1. From XRD analysis we no-
ticed that the compound obtained using ferric accetylacetonate (C;sH, FeOg) has the peak
intensities smaller than characteristic to the compound obtained from ferric nitrate
(Fe (NO3); x 9H,0). It mentions that we used the same synthesis conditions in both cases.
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Fig. 1. X- ray diffraction pattern of cobalt ferrite obtained by the chemical coprecipitation
method, using (a) organic and (b) inorganic precursors.

AFM images with scanning size of 4.6 x 4.6 um of CoxFe;.<O4 samples prepared by the

chemical coprecipitation method, using (a) organic and (b) inorganic precursors are showed in
Fig. 2. The samples appeared to consist of regular grains with narrow size distribution.
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Fig. 2. AFM images with scanning size of 4.6 x 4.6 um of Co,Fe;.O, samples prepared by the
chemical coprecipitation method, from (a) organic and (b) inorganic precursors.

Figures 3-5 show the SEM micrographs and EDAX spectrum characteristic to CoFe,O4
synthesized by the chemical coprecipitation method, using (a) organic and (b) inorganic pre-
cursors. The micrographs show the particle surface morphology and dimensions.

The micrographs show the particle surface morphology and dimensions. For the same
SEM image was performed the EDAX analysis, that based on the strength of the emission
energies characteristic to constituent elements, allow the qualitative and quantitative identifi-
cation of these elements in the sample. The entire number of collected impulses characteristic
to an element is proportionate to its concentration in the sample.

Fig. 6 shows the magnetic hysteresis of cobalt-ferrite nanoparticles using organic and
inorganic precursors. The saturation magnetization appears from magnetic field intensities of
cobalt ferrite obtained by the chemical coprecipitation method using organic precursors are
twice double smaller values, having a larger and much pronounced saturation domain than
cobalt ferrite using inorganic precursors.
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Fig. 3. SEM image pattern of cobalt ferrite obtained by the chemical coprecipitation method
from (a) organic and (b) inorganic precursors.
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Fig. 4. SEM image pattern of cobalt ferrite obtained by the chemical coprecipitation method us-
ing (a) organic and (b) inorganic precursors after application of a magnetic field.
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Fig. 5. EDAX image pattern of cobalt ferrite obtained by the chemical coprecipitation method
from (a) organic and (b) inorganic precursors.
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Fig. 6. Variation of magnetization with applied magnetic field for the cobalt-ferrite nanoparti-
cles obtained by the chemical coprecipitation method from (a) organic and (b) inorganic precursors at
a temperature of 300 K.

4. Conclusions

One can notice from the SEM images that after applying a magnetic field, the orienta-
tion of the particles in the field takes place. The conclusion is that the magnetic properties
depend on particle dimension. A decrease in the particle dimension results in a decrease in the
coercively and saturation magnetization. The particle sizes are a little different depending on
precursors, so in the case of organic precursor particles have dimensions in 10-20 nm range,
whereas for inorganic precursor particles have sizes of 30-40 nm. The SEM and AFM images
provide data regarding the structure and morphology of obtained nanomaterials.
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