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The precipitate CoFe,O, obtained from cobaltous and ferric chlorides and potassium hydroxide is a 
well-crystallized spine) phase, indicating that the term “coprecipitation ” is not suitable for describing 
this synthesis. The term “syncrystallization,” which means crystallization of a definite compound 
directly during the precipitation, is preferred. The fine powder of CoFe?O, is very reactive toward 
oxygen. CoFe204 contains mixed valences Co?’ and Co(M) between 100 and 600°C. which has a great 
influence on the crystallographic parameter and the saturation magnetization. r 1992 Academic Press. Inc. 

Introduction 

Cobalt-substituted magnetites of spine1 
structure (space group Fd3m) have been 
known for several decades (I). Interest in 
these compounds increased when progress 
in recording required higher coercivities to 
prevent demagnetization. Indeed, coerciv- 
ity higher than 300 Oe could not be obtained 
with y-Fe,O,. Furthermore, the magneto- 
cristalline anisotropy of iron oxide could be 
greatly increased by substituting a small 
amount of cobalt for the iron atoms. Several 
synthesis methods have been developed in 
order to obtain fine particles with controlled 
shapes and sizes and high coercivity, such 
as substitution of iron in y-Fe,O, (1-4) or 
impregnation of y-Fe,O, by cobalt (5). De- 
spite the importance of ferrites in general 
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and of Co ferrite in particular, very few pub- 
lished reports deal with the preparation of 
these materials by precipitation from aque- 
ous solution. The simplest method consists 
of precipitating cobaltous and ferric chlo- 
rides with NaOH (6-8). Other methods have 
been developed in which ferrous and cobal- 
tous chlorides, nitrates, or sulfates are pre- 
cipitated by oxalic acid, KOH, or NaOH in 
order to obtain powders of controlled granu- 
lometry and particular magnetic properties 
(9-12). Nevertheless, no studies have been 
devoted to the chemical characteristics and 
the evolution of the precipitate. We focus 
here on the physical properties of the pow- 
der precipitated from cobaltous and ferric 
chlorides. 

Experimental 

Iron chloride, FeCl, * 6H,O, and cobalt 
chloride, CoC12. 6Hz0, are dissolved in wa- 
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ter and then heated at 80-100°C. This solu- 
tion is poured into boiling potassium hy- 
droxide, which is vigorously stirred. The 
precipitate is then boiled for 30 min to in- 
crease the grain sizes and facilitate the fil- 
tration. Boiling water is used for washing. 
This last operation is finished when no chlo- 
ride ions are detected in the filtrate. The 
powder is then heated under air at different 
temperatures, 100,200,300,500, and 8OO”C, 
for I hr. 

The crystallographic parameters are de- 
termined by means of X-ray diffraction mea- 
surements at room temperature by using a 
Kristalloflex Siemens diffractometer and 
monochromatic cobalt radiation (h = 
1.78897A). Thermalgravimetric and thermal 
differential analyses (TG and DTA) are per- 
formed in platinum crucibles under air using 
a Setaram 92 apparatus. The loss or gain 
of weight is calculated after removing the 
signal of the empty crucible. Magnetization 
measurements are performed at room tem- 
perature using a Foner-type magnetometer. 

Results and Discussion 

All the phases are well crystallized and 
present the pure spine1 structure without im- 
purities such as iron or cobalt hydroxide or 
oxide. X-ray diffraction lines, those of the 
precipitate after filtration as well as those 
of the precipitate annealed under air up to 
800°C are fine. The presence of an apprecia- 
ble amount of an amorphous phase is ruled 
out because of the weak background inten- 
sity. That means that the precipitate is not a 
mixture of crystallized or amorphous phases 
whose heating leads to definite compounds 
such as those encountered in the low- 
temperature synthesis of YBa,Cu,O,-. or 
NbFeO, and TaFeO, (14, 15). Accordingly, 
the term “coprecipitation” is not suitable 
in this case. The term “syncrystallization,” 
which means crystallization of a compound 
as soon as the precipitate is formed, de- 
scribes this synthesis more precisely. 
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FIG. 1. Variation of the crystallographic parameter 
and the magnetization saturation of the CoFezOd pre- 
cipitate versus annealing temperature. 

However, when the precipitate is heated 
under air up to 800°C the crystallographic 
parameter varies substantially, from 8.39 A 
(50.01) at room temperature to 8.29 A 
(50.01) at 300°C. It increases again above 
400°C and reaches 8.38 A (tO.O1) at 800°C 
(Fig. 1). The minimum value of the crystallo- 
graphic parameter at about 250-350°C must 
be related to the anomaly of the TG curve 
and to the strong exothermic peak of the 
DTA curve, occurring at about 200-250°C 
(Fig. 2). Let us note the temperature differ- 
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FIG. 2. TG (solid line) and DTA (broken line) curves 
of CoFe,O, under air. The decomposition of TG varia- 
tion into a dehydration curve (solid line), and the oxida- 
tion and reduction of cobalt (broken line) are displayed 
in the inset. 
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ence due to the different ways of measure- 
ment, static in the former case and dynamic 
in the latter. Nevertheless, the three phe- 
nomena have the same origin, the oxidation 
of cobalt. Indeed, the strong exothermic 
peak of the DTA curve can be associated 
only with oxidation since it does not appear 
under vacuum. The unique cation, which 
can be oxidized, is Co’+. Indeed, it is well 
known that 

150°C T>600”C 
Co(OH), - Co@, - coo. (1) 

+o, -02 

The oxidation of Co2+ to Co(III), smaller 
than Co2+, following the reaction 

Co2+Fe204 + a 0, + Co(IIl)Fe,O,,,, 

gives rise to the decrease in the crystallo- 
graphic parameter. By using the method of 
characteristic distances (invariants) devel- 
oped by Poix, we can calculate that the vari- 
ation of parameters arising from the total 
oxidation of cobalt is Aa = 0.211 A and 
corresponds to a weight increase of 3.4% 
(16-20). The observed variation, 0.090 A 
between 350 and 8OO”C, corresponds to a 
calculated weight decrease of 1.45%. Let 
us observe the TG curve: above 3OO”C, the 
weight loss (of = 1.5%) cannot be assigned to 
a decomposition of hydroxide (all the cobalt 
and iron hydroxides decompose below 
300°C) and can originate only from cobalt 
reduction. Therefore, the TG curve is the 
result of two phenomena: the dehydration 
of the precipitate which corresponds to a 
weight loss, and the oxidation and a reduc- 
tion as shown in the inset to Fig. 2. 

The saturation magnetization presents a 
variation similar to that of crystallographic 
parameters (Fig. 1). Under air, it decreases 
until the temperature reaches 250°C and 
then increases at higher temperatures. Simi- 
lar considerations can be used to explain the 
variation of the saturation magnetization. At 
0 K, the calculated magnetic moment varies 
from 3&mole for CoFe,O, (y = 0) to 1.1 

&mole for the fully oxidized compound (y 
= OS), Co(II1) being diamagnetic. As for 
the coercive field, it always increases, from 
10 Oe at room temperature up to 620 Oe at 
800°C. Very little can be said about that, 
since it depends both on shapes and sizes of 
particles and on anisotropy. When heated, 
the particle sizes probably increase. How- 
ever, the increasing concentration of Co2+ 
improves the anisotropy, which may have 
an effect on the coercive field. 

Conclusions 

Pure and well-crystallized CoFe,O, has 
been synthesized at ambient temperature. 
The powder, made up of fine particles, is 
very reactive toward oxygen. CoFe,O, with 
cobalt under two oxidation states, Co2+ and 
Co(III), can be obtained by annealing the 
precipitate under air between 100 and 600°C 
without crystallization modifications. Ap- 
plications in catalysis are under consider- 
ation. 
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