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Abstract  

Spinel cubic ferrites were obtained by co-precipitation methods. Specific 

structural parameters were obtained by X-ray diffraction (XRD) spectra fitting refinement 

using the Rietveld method. Comparison of the magnetic properties was performed by 

vibrational magnetometry and Mössbauer spectroscopy in transmission mode. The 

particle morphology was studied by transmission electron microscopy (TEM) with in-situ 

microanalysis using energy dispersive spectrometry. The different morphologies, sizes, 

material properties and magnetic behavior between these spinels were analysed and 

discussed.  

Introduction 

The interesting and unusual properties of the spinel cubic ferrites (SCF) make 

them optimal materials for recording media [1] and magnetic fluids [2]. However, these 

properties can be affected by the synthesis parameters, which determine two important 

characteristics: the particle sizes [3] and the sub-lattice cation distribution [4]. Magnetite 

Fe3O4 and cobalt ferrite CoFe2O4 have both spinel structures where the metallic ions are 

distributed in tetrahedral sites A and in octahedral sites B surrounded by oxygen atoms. 

According to the ion coordination, they are classified as inverted and partially inverted 

and can be represented as Fe3+[Fe2+Fe3+]O4 and Cox 2+Fe1+x3+[Co1−x 2+Fe1+x3+]O4, 



https://cimav.repositorioinstitucional.mx/jspui/ 
 

2 
 

respectively [4]. This work shows the influence of the temperature of synthesis on the 

structural and magnetic properties of two-spinel ferrites, obtained by co-precipitation.  

Experimental  

Magnetite particles were obtained using diluted solutions of FeCl2·4H2O and 

FeCl3·6H2O mixed at 70 °C. The chemical precipitation of the Fe3O4 particles is 

achieved by the rapid neutralisation of the iron salts; therefore a solution of NH4OH 

(10%) was rapidly added to the iron salts under vigorous stirring. The precipitated 

material was rinsed several times and tested with silver nitrate to remove foreign ions in 

order to avoid coagulation. The reaction involved in this process can be represented as 

follows:  

 

The cobalt ferrite was obtained from the co-precipitation of cobalt(II) and iron(II) 

sulfates in an acetone medium. The precipitate was filtered and washed with distilled 

water. The solvent was evaporated at 80 °C for 4 h. Finally, the precipitate was heat 

treated at 1100 °C for 3 h to produce the cobalt ferrite particles with optimal magnetic 

properties.  

X-ray diffraction (XRD) spectra were obtained in a D-5000 diffractometer using 

monochromatised Cu Kα radiation, a generator voltage of 40KV, a tube current of 30 

mA, a 2θ measurement interval from 5° to 120°, an angular step = 0.01°, and a counting 

time of 5 s per step. Transmission electron microscopy (TEM) micrographs and selected 

area electron diffraction (SAED) patterns were taken using a CM-200 transmission 
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electron microscope coupled with an X-ray energy dispersive spectrometer (EDS). The 

magnetic properties of both ferrites were measured using a vibrating sample 

magnetometer (VSM) with a maximum applied field of 1.6 T. Transmission Mössbauer 

spectra were collected at room temperature using an ASA spectrometer in constant 

acceleration mode with a source of Co57 in rhodium matrix. The adsorption–desorption 

isotherm curves were obtained at 77K using an Autosorb-1 Quantachrome equipment  

Results and discussion  

The process of synthesis of Fe3O4 and CoFe2O4 involved “cold” and “hot” co-

precipitation methods, respectively. The main difference between both methods is the 

particle size that can be achieved. Cold co-precipitation has the advantage that the 

particles obtained are very small and their structural and magnetic properties can be 

controlled with further heat treatment (increasing the grain size). On the other hand, this 

has a limit and sometimes is required to have even bigger particle sizes to get desirable 

structural and magnetic properties. In hot co-precipitation, it is difficult to control the 

particle size during the heat treatment but the range of crystallites sizes are good 

enough to give comparable magnetic properties and well-defined structural patterns. 

In order to observe the structural change before and after the formation of the 

spinel structure in CoFe2O4, an XRD spectrum of the co-precipitated material was 

taken. The diffraction lines were identified as CoSO4·4H2O, FeSO4(OH) and FeSO4·H2O 

compounds. As can be seen, the initial salts do not react with the acetone medium but 

produces an intimate mixture of sulfates, with different hydrated degrees (Fig. 1).  

XRD spectra for Fe3O4 and CoFe2O4 are presented in Fig. 2. A fitting refinement 

procedure using the Rietveld method was performed [5]. The model and experimental 



https://cimav.repositorioinstitucional.mx/jspui/ 
 

4 
 

data are in good agreement confirming the cubic spinel structures corresponding to the 

Fd3m spatial group. The fitting parameters are displayed in Table 1, which are 

comparable to those obtained in the literature [4]. 
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The magnetite spectrum (Fig. 2a) presents broader peaks compared to those of 

the CoFe2O4, showing at first sight the small particle size of Fe3O4. Using a pseudo-

Voight profile for modelling the peaks and the Scherrer’s equation, an average particle 

size was calculated. Magnetite presents a particles mean size of around 24 nm, while 

the cobalt ferrite particle mean size was around 300 nm.  

This values are in agreement with those found by TEM. Fig. 3a shows a TEM 

micrograph and a ring electron diffraction pattern of the magnetite particles, the particle 

size varies between 15 and 30 nm. Fig. 3b displays the electron diffraction patterns for 
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the cobalt ferrite taken at the [1 1 1], [1 2 1] and [2 1 5] zone axis, the particle size 

varies between the range of 200–500 nm. An EDS elemental analysis give an atomic 

ratio Fe:Co near to 2:1. A method consisting on the defocus of the objective lenses was 

performed in order to see magnetic domain walls by increasing the contrast of the 

image. No magnetic domain walls were observed.  

The specific area for the magnetite and the cobalt ferrite was determined from 

nitrogen adsorption–desorption isotherm curves. The particle size was estimated 

considering spherical-shaped particles with densities of 5.24 and 5.29 g/cm3, 

respectively. The magnetite particles show mesoporous of approximately 20 nm in 

diameter, which are associated to the spaces between particles. This is a good quality 

ferrite powder in the sense that there is a low level of stacking between particles leading 

to small demagnetizing interaction between them. The cobalt ferrite particles present no 

porosity since hysteresis was not appreciated in the corresponding nitrogen adsorption–

desorption isotherm curve [6] (Table 2).  
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The Mössbauer spectra obtained at 300K are illustrated in Fig. 4. Table 3 

presents the isomeric shift (IS), the quadrupole splitting (QS) and the hyperfine 

magnetic field (H) values. The Mössbauer spectrum of the magnetite is complex due to 

the presence of a particle size distribution with different values of effective magnetic 

field; therefore it is more representative to fit the spectrum with an averaged sextet. The 

cobalt ferrite spectrum was fitted using two sextets, one representing the A sites and the 

other the B sites [7]. According to the Neel’s theory [8], the magnetic moment per atom 



https://cimav.repositorioinstitucional.mx/jspui/ 
 

9 
 

of cobalt ferrite is 5.6μB and the calculated cation distribution is 

Co0.62+Fe0.43+[Co0.42+Fe1.63+]O4.  
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Fig. 5 displays the room temperature magnetisation curves for both ferrites and 

the magnetic parameters are presented in Table 4. The small remanent magnetisation 

after saturation in both cases, indicates a high amount of reversible processes which 

could be associated to single domain particles in both spinels.  

In conclusion, by “cold” co-precipitation magnetite was obtained with a mean 

particle size of around 24 nm, with mesoporous of approximately 20 nm and the 

presence of a particle size distribution introduces different values of effective magnetic 

field. On the other hand, by “hot” co-precipitation cobalt ferrite was obtained with a 

mean particle size of around 300 nm and it presents no porosity.  
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