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ABSTRACT 

The effect of Ta,O, additions (1.5-12 mol%) on the thermal stability of Co,O, and 
reactivity of Co0 towards reoxidation by 0, to give Co,O, was investigated. The induced 
thermal decompostion of Ta,O, was also studied. The techniques employed were DTA, with 
controlled heating and cooling rates, X-ray and IR spectrometry. 

The results obtained revealed that Ta,O, increased both the thermal stability of Co,O, 
and the reactivity of COO. The thermal treatment of cobalt oxides doped with Ta,O, in air at 
1000°C led to a partial decomposition of Ta,O, to TaO and the formation of CoTa,O, 
together with a well-crystalline, new compound. The d-spacings of the newly formed 
compound were calculated and found to be 2.78,, 3.02,, 4.49, A. 

The observed increase in the thermal stability of Co,O, due to treatment with Ta,O,, was 

attributed to the increase in the oxidation character of the treated solid resulting from 
substitution of some of Co4’ ions by Ta2+ ions. The liberation of 0, degassed from the 

partial decomposition of Ta,O, to TaO might also account for the increase in the oxidation 
character of cobaltic oxide and for the increase in the reactivity of cobaltous oxide. 

INTRODUCTION 

Cobaltous oxide is one of the well-known oxides that are traditionally 
employed as colouring agents in the glass and glaze industries. Different 
grades of blue colourations (cobalt blue) can be obtained through the 
addition of different amounts of COO, either alone or together with other 
colouring oxides, followed by heat treatment under various conditions [1,2]. 
Cobaltous oxide is considered the most stable and reliable glaze colourant. 
However, its characteristic colouring effects are greatly influenced by its 
partial oxidation to CO~O,. Such a transformation could be effected by 
treating with other oxides. The effects of different oxides (Li,O, Na,O, 
MgO, Al,O,, ZrO,, ThO,, V,O,, MOO, and BeO) on the reactivity of Co0 
towards reoxidation by 0, to yield Co,O, was the object of our series of 
investigations [3-81. 

The present work was devoted to the study of the effect of Ta,O, on the 
reactivity of Co0 and the thermal decomposition of Co,O,. Tantalum oxide 
is known to exist as stable Ta,O, and is relatively inert chemically [9]. Being 
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known to behave as a stable pentavalent oxide made it worthy to investigate 
its effect upon the thermal behaviour of cobalt oxides. 

EXPERIMENTAL 

Materials 

A series of cobalt oxide samples treated with different proportions of 
tantalum pentoxide was prepared by thermal decomposition of basic cobalt 
carbonate mixed with various amounts of Ta,O, solids in air at 1000°C for 4 
h. The amount of Ta,O, was varied between 1.5 to 12 mol% Ta,O,. Being 
added as a powder required a prolonged grinding to ensure the homogeneous 
distribution of the foreign oxide throughout the whole mass of the basic 
cobalt carbonate employed. An automatic agate mortar was employed for 
this purpose. 

Techniques 

Differential thermal analysis (DTA) of pure and treated basic cobalt 
carbonate was carried out using a DuPont 990 thermal analyser with a 
differential scanning calorimeter cell. The rate of heating and cooling was 
kept constant at 20°C min-’ and the sensitivity was 1 mV/in. A 30-mg 
sample of each solid specimen was employed in each case. 

An X-ray investigation of the thermal products of pure and treated basic 
cobalt carbonate was performed with a Philips diffractometer (type PW 
1390). The patterns were run with iron-filtered cobalt radiation, X = 1.7889 
A, at 40 kV and 30 mA with a scanning speed of 2” in 28 min-‘. 

An IR absorption spectrum was determined for each solid using a 
Beckman IR 4250 spectrometer. The IR spectra were determined from 4000 
to 300 cm-‘, but only the portion between 1500 and 300 cm-’ was 
considered in the present work. A 2-mg sample of each solid was dispersed 
by grinding for 3 min in a vibratory ball mill, placed in a steel die 30 mm in 
diameter, and subjected to a pressure of 12 tonnes. 

RESULTS 

Thermal behaviour of pure and Ta,O, -treated cobalt oxides 

Figure 1 represents the DTA (heating and cooling) of pure basic cobalt 
carbonate and cobalt carbonate treated with different proportions of Ta,O,. 
A strong endothermic peak with its maximum at about 915°C was observed 
in all cases. This peak corresponds to the decomposition of Co,O, to Co0 
131. A strong exothermic peak was found during the cooling of both pure and 
treated solids. Such a peak indicates the oxidation of Co0 to Co,O, [4]. The 
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TABLE 1 

The effect of Ta,O,-treatment on the peak area of the DTA curves of the thermal decomposi- 
tion of Co,O, and reoxidation of Co0 

Solid Peak area 
(arbitrary units) 

Endo- Exo- 
thermic thermic 
peak peak 

Percentage change in 
area of 
endothermic peak a 

Ratio between 
the area of 
exothermic and 
endothermic peaks 

Pure basic cobalt 
carbonate 25.60 20.51 0.0 0.80 

Basic cobalt 
carbonate + 

1.5% Ta,Os 25.80 19.28 - 0.78 0.75 
3.0% TazOs 24.22 27.14 + 5.39 1.12 
6.0% Ta,O, 23.90 26.70 + 6.64 1.12 
9.0% Ta,O, 23.40 33.40 + 8.59 1.43 

12.0% Ta,O, 18.62 29.22 + 27.27 1.57 

a These data were obtained by subtracting the area of the endothermic peak for each solid 
from 25.60 (that for the pure solid). The negative and positive signs indicate a decrease and 
increase in the thermal stability of Co,O,, respectively. 

maximum of this peak was found at 770 and 805°C for pure solid and those 
treated with 3 or 6 mol% Ta,O,, respectively. 

The areas of endothermic and exothermic peaks were determined and are 
given in Table 1. This table also includes the percentage change in the area 
of the endothermic peak due to treating with Ta,O, and the ratio between 
the area of exothermic and endothermic peaks for each solid. The percentage 
change in the area of the endothermic peak was considered as a measure of 
the thermal stability of Co,O, and the ratio between the area of exothermic 
and endothermic peaks indicated the reactivity of Co0 towards reoxidation 
by 0, to yield Co,O,. 

Table 1 shows that the addition of a small amount of Ta,O, (1.5 mol%) to 
Co,O, causes a very small decrease in its thermal stability which suffers a 
progressive increase by increasing the extent of the foreign oxide to the range 
3-9 mol%. Increasing the amount of Ta,O, to 12 mol% led to a sudden 
increase in the thermal stability of Co,O, from 8 to 27%. The reactivity of 
the Co0 produced towards reoxidation by 0, to yield Co,O, was found to 
increase on increasing the amount of doping oxide added. 

X-ray investigation of pure and Ta,O, -treated cobalt oxides 

The X-ray diffraction patterns were performed for pure and treated solids 
heated in air at 1000°C and subjected to both slow and rapid cooling to 
room temperature. All the diffraction lines of the Co,O, phase were only 
detected in the X-ray diffraction patterns of pure solid subjected to slow 
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Fig. 2. X-ray patterns of Ta,O,-treated cobalt oxides heated in air at 1000°C and subjected to 

rapid cooling. (1) Co,O, phase; (2) Co0 phase; (3) Ta,O, phase; (4) TaO phase; (5) 
CoTa,O, phase; (6) a new compound. 

cooling. By contrast, in the case of the rapidly cooled pure solid, the 
characteristic diffraction lines of both the Co0 and Co,O, phases were 
found, indicating an incomplete oxidation of Co0 to Co,O,. 

Figure 2 represents the X-ray diffraction patterns of cobalt oxide treated 
with different proportions of Ta,O,, heated at 1000°C then subjected to 
rapid cooling. All the characteristic lines of both the Co0 and Co,O, phases, 
together with several new lines, were detected. However, the intensity of the 
cobaltous oxide lines is, as expected, much more pronounced than that of the 
cobaltic oxide lines. Indeed, the intensity of the Co30, lines increases 
markedly on increasing the amount of Ta,O, added from 6 to 9 mol%. It 
then remained almost unchanged by a further increase in the amount of the 



218 

foreign oxide. These results indicate that Ta,O, being added to Co30, led to 
an increase in its thermal stability. The newly detected diffraction lines may 
point to the formation of new compounds. The ASTM matching [lo] with 
the newly observed lines revealed the appearance of the following phases: 
Ta,O,, Tao, and CoTa,O, together with a new compound. The 28 values 
and d-spacings of this new compound were calculated and found to be the 
following. 

28 (9 37.4 34.5 23.0 

d-spacing (A) 2.78, 3.02, 4.49, 

It is worthy to observe the partial thermal decomposition of Ta,O, to a 
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Fig. 3. X-ray diffraction patterns of Ta,O,-treated cobalt oxides heated in air at 1000°C and 
subjected to slow cooling. (1) Co,O, phase; (2) Co0 phase; (3) Ta,O, phase; (4) Tao phase: 
(5) CoTa,O, phase; (6) a new compound. 
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stable TaO phase, in the presence of cobalt oxides. This reaction might 

proceed according to 

Ta205 (c y:To ) 2 TaO + 3/2 0, (8) 
0. 14 

The oxygen evolved could be consumed either in raising the oxidation 
character of cobalt oxide effecting an increase in its thermal stability and/or 
in oxidizing the Co0 produced into Co,O,. Based on this assumption, the 
observed increase in the thermal stability of cobaltic oxide due to treatment 
with Ta,O, might be achieved, in part, by the effectiveness of the above- 
mentioned reaction. 

Figure 3 represents the X-ray diffraction patterns of cobalt oxide treated 
with different proportions of Ta,O,, heated in air at 1000°C then subjected 
to slow cooling to room temperature. All the characteristic lines of the Co,O, 
and Co0 phases, together with the same new lines as found in the case of the 
rapidly cooled solids, were detected in the diffraction patterns of the cobalt 
oxide sample treated with 6 mol% Ta,O,. The lines of the Co0 phase 
disappeared when cobalt oxide samples were treated with 9 and 12 mol% 
Ta,O,. The absence of the Co0 phase in these two solid specimens revealed 
an enhanced reactivity of such a phase towards reoxidation by 0, to produce 
Co,O,. The oxygen evolved from the reaction given by eqn. (1) might 
account for the complete oxidation of Co0 into Co,O, by treating with 
Ta,O, (9-12 mol!%). The phases present in the slowly cooled solids treated 
with Ta,O, are: Ta,O,, Tao, CoTa,O, and a new compound, the same as 
those found in the case of the rapidly cooled solids. The presence of free 
tantalum oxides indicated a limited solubility of these oxides in cobalt oxide 
solids. 

IR investigation of pure and treated cobalt oxides 

Figure 4 represents the IR spectra of pure and treated cobalt oxide 
specimens heated in air at 1000°C and subjected to slow cooling to room 
temperature. All the characteristic absorption bands of Co,O, [4,6] were only 
detected in the case of pure and Ta,O,-treated cobalt oxides. However, the 
percentage transmission of the absorption bands of the solid treated with 12 
mol% Ta,O, was found to suffer a small decrease due to a possible 
interference with the IR bands of free tantalum pentoxide. In fact, it has 
been shown that Ta,O, heated in air at 1000°C exhibited a very strong 
broad band extending between 400 and 620 cm-’ and three other weak 
bands at 750,830 and 930 cm-‘. 

Figure 5 represents the IR spectra of pure and Ta,O,-treated cobalt 
oxides heated at 1000°C and subjected to rapid cooling to room tempera- 
ture. This figure shows that pure and treated solids exhibit a very strong 
band located at 300-550 cm-’ which characterizes a Co0 structure [4]. 



Fig. 4. IR absorption spectra of pure and Ta,O,-treated 
heated at 1000°C and subjected to slow cooling. 

specimens of basic cobalt carbonate 

Other bands corresponding to the CqO, structure at 560, 640 and 655 cm-’ 
were also observed in the case of Ta,O,-treated cobalt oxide specimens. The 
percentage transmission of these bands increases on increasing the amount 
of the foreign oxide added. In other words, the extent of Co,O,, in the 
rapidly cooled solids, increases on increasing the amount of Ta,O, added. 
These results are, thus, in good agreement with those of the DTA and X-ray 
investigations (cf. Table 1 and Figs. 2 and 3). The fact that no IR bands 
relative to the phases detected by the X-ray investigation (Ta,O,, Tao, 
CoTa,O, and a new compound) were found in the IR spectra of treated 
cobalt oxide solids might indicate that these compounds exhibit their char- 
acteristic IR bands in the same vicinities as those of the cobalt oxides (Co0 
and CO~O,). 

DISCUSSION 

The results obtained in this investigation clearly indicate that the addition 
of Ta,O, induced an increase in the thermal stability of cobaltic oxide and 
in the reactivity of cobaltous oxide towards reoxidation by oxygen to yield 
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Wavenumber Cm-’ 

Fig. 5. IR absorption spectra of pure and Ta,O,-treated specimens of basic cobalt carbonate 
heated at 1000°C and subjected to rapid cooling. 

Co,O,. Such an increase was proportional to the amount of the foreign oxide 
added. However, the addition of a small amount of Ta,O, (1.5 mol%) was 
followed by a very small decrease in the thermal stability of Co,O,. The 
ionic radius of Ta” is 0.73 A and those of Co’+ and Co4’ are 0.78 and 0.58 
A [ll], respectively. The substitution of some Co’+ ions of the Co,O, solid 
by Ta5+ seems geometrically possible. This process could be simplified, 
adopting Kroger’s notions [12], as follows 

Ta 0 +6C03+ 2 s -2 Ta(Co2+) + 3/2 O,(g) (2) 

Ta(Co2+) are pentavalent tantalum ions located in the positions of some of 
the host Co’+ cations of the Co,O, lattice, and Co3+ are charge carrier ions 
present in the non-stoichiometric cobaltic oxide sample [13]. The amount of 
Ta’+ dissolved in the Co,O, lattice according to mechanism (2) is limited by 
the number of Co3+ ions or by the extent of deviation of Co304 from the 
stoichiometric composition. The dissolution of TaSt ions in cobaltic oxide 
according to reaction (2) is accompanied by degassing of oxygen and 
subsequent transformation of some of the Co3’ into Co2’ ions, effecting a 
decrease in the oxidation character of the doped solid [12]. Such a decrease 
could account for the observed decrease in the thermal stability of Co304 
doped with 1.5 mol% Ta,O,. The progressive increase in the thermal stability 
of cobaltic oxide specimens treated with Ta,O, (3-12 mol%) could not be 
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explained in terms of the location of Ta” ions in the positions of any of the 
host cobalt cations. We might assume the presence of Ta2’ ions in the 
tantalum pentoxide-treated cobalt oxides. Such a speculation has been 
confirmed by X-ray investigation (cf. Figs. 2 and 3). The dissolution of Ta” 
ions in Co,O, via substitution of some of its Co4’ ions is followed by an 
increase in the oxidation character of the treated solids, leading to a 
corresponding increase in their thermal stability. This process could be 
simplified as follows 

TaO + l/2 O,(g) + Ta(Co4+) + 2 Co3’ (3) 

Ta(Co4+) are divalent tantalum ions located in the positions of the host 
cations of the Co304 solid. However, one cannot ignore the effect of cobalt 
oxides upon the induced partial decomposition of Ta,O, to Tao. Such a 
reaction is accompanied by the liberation of active oxygen (reaction 1) which 
might also contribute to the increase in the oxidation character of Co,O, and 
the subsequent increase in its thermal stability. This active oxygen might also 
be responsible for the observed increase in the reactivity of the Co0 
produced towards reoxidation by 0, to yield Co,O,. In other words, a 
mutual effect took place between Ta,O, and the cobalt oxides. Such an 
effect resulted in a decrease in the extent of thermal decomposition of Co,O, 
and an enhancement of the thermal decomposition of Ta,O, to Tao. The 
fact that free tantalum oxides were detected in all treated cobalt oxides 
revealed that most of the Ta,O, added was involved in solid-solid interac- 
tions leading to the formation of CoTa,O, together with a new compound. 
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