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The study of preparation and properties of cobalt bronzes have been a major interest in material science, solid-state physics and chemistry of many laboratories over the past 20 years. Initially this class of compounds was examined because they show relative fast-ion conduction for battery materials and also large thermopowers for thermoelectric coolers [1], [2]. 


Takada et al. have reported in 2003 superconductivity of cobalt bronzes [3]. The superconductivity under Currie temperature of 5 K has been measured on hydrated NaxCoO2. The sample of NaxCoO2 · yH2O was prepared through „wet way” by oxidative deintercalation of Na+ in the CH3CN/Br solution. They prepared the precursor NaxCoO2 from Na2CO3 and Co2O3 in oxygen stream. A similar superconductive property was also established at samples, where the H2O molecules were substituted by deuterium oxide [4]. The analogy of cobalt bronze to Cu superconductors steadily attracts greatest attention of scientists. Superconductivity of hydrated Co bronzes and influence of water on superconductivity is not fully understood yet. Carreta et al. explain this property by intercalation of H2O molecules between Na and CoO2 planes [5].


It can be supposed, that if the intercalation of other ions between above mentioned planes would be managed, the superconductivity will be positively influenced. This assumption is supposed also by the finding, that the conductivity of anhydrous cobalt bronze is dependent on the preparation method [6].

The aim of our work was to find a reliable and reproducible method of synthesis of some cobalt bronzes by „dry way“, which will be applicable for intercalation by suitable ions.


For the synthesis we used pure 99,99 % Co2O3. As a source of Na2O we tried Na2CO3, sodium acetate, sodium oxalate and sodium tartrate respectively, all of p.a purity. Our experiments confirmed, that cobalt oxide quantitatively transforms over 290 °C to Co3O4, which is stable up to 910 °C. Over this temperature it gradually decomposes by formation of CoO. This temperature limited the reproducible synthesis of Co bronzes. 

Contrary to other authors the use of Na2CO3 for synthesis of bronzes is less suitable, because sodium carbonate quantitatively decomposes to Na2O above 900 °C. That is the area, where the reproducible composition of Co bronze cannot be guaranteed. Similarly sodium oxalate, as indicate DTA measurements, is not quite suitable for synthesis. The first product of decomposition is probably Na2CO3.

More suitable starting material for preparation of Na2O is sodium tartrate, which on air quantitatively decomposes to Na2O under 700 °C. However, sodium acetate appears to be more advantageous than the above compounds. It completely decomposes before 320 °C are teached. 

With respect on established properties of precursors, we have applied for the synthesis the samples anhydrous sodium acetate, which has been prepared from its trihydrate by heating at 200 °C for 12 hours. Anhydrous sodium acetate has been transformed to Na2O at the above-mentioned temperature. Then it was homogenized with Co2O3. The homogenized samples were sintered at 620 °C for 16 hours. After these operation samples were ground, homogenized and then melted at 870 °C. For the X-ray analysis and magnetic measurements they have been in powder form.

For the purpose of comparison there were prepared in the same way also the samples of cobalt bronzes from sodium oxalate and sodium tartrate. 

Obtained results are given in Table 1.

Table 1  

	sample
	precursor of Na2O
	mol. ratio 
	compounds found

	R001
	Na acetate
	0,6 : 1
	Na0,71Co0,96O2 or Na0,74CoO2  ( NaCo2O4 ? )


	R002
	Na acetate
	4 : 1
	Na0,71Co0,96O2 or Na0,74CoO2  

	R003
	Na acetate
	1 : 4
	Na0,71Co0,96O2 or Na0,74CoO2  ; Co3O4

	R004
	Na acetate
	2 : 3
	Na0,71Co0,96O2 or Na0,74CoO2  

	R005
	Na acetate
	3 : 2
	Na0,71Co0,96O2 or Na0,74CoO2  

	R006
	Na oxalate
	1 : 1
	Na0,71Co0,96O2 or Na0,74CoO2  


Thermal analyses were performed on DTA analyzer Perkin-Elmer System7/4 on air.


X-ray diffraction measurements were performed on powder diffractometer Philips with Bragg Brentano focusing geometry. Ni-filtered CuKα radiation was used. Powder samples were loaded into Ni-holder and they were measured in the range of 10°- 70° 2Θ.

Temperature variation of the magnetic susceptibility was recorded with an AC susceptometer (LakeShore, model 7221). The experimental parameters were: f = 222 Hz, HAC = 320 A m-1, 105 data points between 77-300 K. The recorded voltage was corrected to the signal of the free sample holder.
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