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Magnetite (Fe3O4) and maghemite (γ-Fe2O3) are the more commonly iron oxides used as 
magnetic recording materials [1]. Wet methods are used to synthesize an oxyhydroxide precursor 
for the purpose of yielding magnetite and maghemite particles with desirable form. Knowledge of 
synthesis particular conditions is of great importance since the properties of iron oxides basically 
depend on the accuracy of chemical composition, crystallite size, morphology, and in general 
these factors determine the preparation method [2]. Control of crystallinity, shape homogeneity, 
phase purity and presence of additives enables the change in electric and magnetic properties of 
iron oxides [3, 4]. Several works were done concerning the influence of the synthesis conditions 
on the physical properties of magnetite and maghemite [5, 6]. The purposes of present 
investigation are: i) to synthesize a cobalt-substituted iron oxide precursor with plate-like 
morphology (hexagonal), ii) to study the decomposition, reduction/oxidation and characterization 
of the final products (magnetite and/or maghemite) derived from the iron oxide (P0-900; 
P90/120-900) and from the cobalt substituted (P90/120-900C2) by means of solid state analytical 
techniques like Scanning Electron Microscopy, X-ray Diffraction, IR Spectroscopy and 
Magnetometry, and iii) to correlate the crystallinity of the iron oxide precursor and additive 
presence with the physical properties of the final product. For pure iron and cobalt modified 
oxides with plate-like morphology, the alkaline treatment result in an increase in crystallinity of 
the former oxyhydroxide and also induces phase transformations. 
At selected temperatures the favoured phase was hematite instead of goethite. This indicates that 
internal rearrangement mechanism takes place instead of redissolution/precipitation [7]. The 
micrographs obtained by Scanning Electron Microscopy technique of selected samples are shown 
in figures 1-3, thus for untreated sample in alkaline medium, particles are smaller than when 
samples are kept in KOH during 120 h. Particle size, measured by this technique, is 104 nm to 
P0-900 and 195 nm to P90/120-900. Small particles linked to the big ones are observed in 
specimen P90/120-900C2 and particle size analysis shows a bimodal system in which the mean 
geometrical correspond to 85 and 339 nm respectively. In all cases distribution is log-normal and 
the particles shape reveals more or less hexagonal plates. Magnetic measure of untreated oxidized 
sample, without additive is shown in figure 4. Coercivity increases in the following order: 
untreated oxide (498 Oe) - untreated oxide plus 5% of Co + B (779 Oe) - treated oxide in KOH 
30 h plus 5% of Co + B (1490 Oe). Upon increasing alkaline treatment time and calcination 
temperature of iron oxide precursor with plate-like morphology, increases the coercivity value of 
the final product, which appears between the expected limits for its application in magnetic 
recording materials. Although the presence of cobalt at the particle surface yields in increase of 
the coercivity of the magnetite, it delays as well the reduction time to magnetite. 
 
References 
[1] Correa, J. R. Contribution to the topochemistry of iron oxides (2005). Doctoral Thesis. 

Havana. 
[2] Bate, G. Magnetic Oxides II. Edit. by D. J. Craik, Wiley Interscience (1975) 689. 
[3] Thailades, P.; Sarda, C.; Bonino, C.; Mollard, P.; Rousset, A. J. Mag. Mag. Mater. (1980) 89, 

33. 
[4] Sugimoto, T.; Maramatsu, AJ. Colloid Interface Sci. . (1996) 184, 626. 
[5] Blanco-Manteco, M.; O'Grady, K. J. Magn. Magn. Mater. (1999) 203, 50. 
 
[6] Chopra, G. S.; Real, C.; Alcala, M. D.; Perez-Maqueda, L. A.; Subrt, J.; Criado, J. M. (1999) 



Chem. Mater. 11, 1128. 
[7] Cornell, R. M.; Giovanoli, R Clays & Clay Minerals. (1989)  37, 65.  

 

Fig. 1.- SEM micrograph of oxide pre-
cursor P0-900 (untreated in KOH and 
calcined to 900 ºC). 

Fig. 2.- SEM micrograph of oxide pre-
cursor P90/120-900 (treated 120 h in 
KOH at 90ºC and calcined to 900 ºC). 

Fig. 3.- SEM micrograph of oxide precursor 
P90/120-900 C2. (treated 120 h in KOH at 
90ºC and calcined to 900 ºC with 5 % 
Co/Fe). 
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Fig. 4.- Hysteresis loop of untreated precur-
sor calcined to 900 ºC, reduced and re-
oxided.


