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Abstract 

The Calcium Cobalt Oxide (Ca3Co4O9) nano powder were synthesized by a Sol-gel method using 

calcium nitrates (Ca(NO3)24H2O) and cobalt nitrates (Co(NO3)26H2O) raw materials. The nano powder 

was grinded by mortar for 2 h in air and optimized to achieve highly pure and fully dense pellets by hot 

pressing method at 900C for 1 h in Ar atmosphere. The sample was annealed by furnace 900 C for 12 

h in air at after hot pressing. The crystal structure of sample was analyzed by X-ray diffraction technique 

and compared with literature review data. The electrical resistivity, Seebeck coefficient and power factor 

of the sample were measured and evaluated by ZEM3 at room temperature to 600 C. It was found that 

the crystal structure Ca3Co4O9 shows monoclinic structure correspond with literature data, a = 5.31 Ȧ, b 

= 4.58 Ȧ, c = 11.16 Ȧ and   = 102.82°. The highest power factor value of Ca3Co4O9 is 0.18 mW m−1K−2 

at 600C. 
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Introduction 
 

 Calcium Cobalt Oxide (Ca3Co4O9) nano 

powders is a material widely used as thermoelectric 

material. The Ca3Co4O9 is oxides as high 

temperature thermoelectric materials for power 

generation because of their high thermal stability. 

Synthesis of highly pure materials of Ca3Co4O9 has 

several methods such as solid state reaction, Sol-gel 

method, polymerized complex method, spark 

plasma method and hot pressing method [1 − 5]. 

Thermoelectric materials were developed efficiency 

property to high figure of merit (the ZT value), 

typically evaluated by the dimensionless figure of 

merit (ZT) given by the following relation:  

(ZT = S2T/), where S, ,  and T are Seebeck 

coefficient, electrical conductivity, thermal 

conductivity and absolute temperature, 

respectively. From this expression, it is clear that in 

order to achieve large ZT, a good thermoelectric 

material must possess high electrical conductivity, 

large Seebeck coefficient and low thermal 

conductivity. All these three parameters are 

interrelated to each other by more fundamental 

physical parameters [6 − 7]. Power factor  

(PF = S2) was study thermoelectric properties in 

case without thermal properties.  

 

 

Ca3Co4O9 phase is stable up to 900 C and then 

decomposes to Ca3Co2O6, which is stable up to 

1026 C and has potential as a thermoelectric 

material at high temperature more than 1026 C [8] 

 In this work, Ca3Co4O9 were synthesized by a 

sol-gel method and hot pressing using calcium 

nitrates (Ca(NO3)24H2O) and cobalt nitrates 

(Co(NO3)26H2O) raw materials. The fully dense 

pellets by hot pressing method at 900C for 1 h in 

Ar atmosphere and the sample was annealed by 

furnace 900 C for 12 h in air at after hot pressing 

that were compered thermoelectric property. 

 

Materials and Methods 

 

 The Calcium Cobalt Oxide (Ca3Co4O9) nano-

powders were synthesized by a Sol-gel method, 

polymerized complex method based on citrate 

process, using calcium nitrates (Ca(NO3)24H2O) 

and cobalt nitrates (Co(NO3)26H2O) as starting 

materials. The polymerized complex reaction of 

metal nitrate, citric acid and ethylene glycol. The 

7 mol citric acid was dissolved in ethylene glycol 

350 ml. The solution was magnetically stirred  

40 rpm for 1 h at 200 C to complete solution. 
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After that 3 mol Ca(NO3)24H2O and 4 mol 

Co(NO3)26H2O were added to the solution, it 

show pink transparent solution and then stirred  

40 rpm for 2 h 45 min at 300 C to produced more 

and more viscous and bubbly amaranthine resin. 

The resin was dried to slow self-combustion by 

heating at 450 C for 30 min. The powder 

precursor received was grinded by mortar for 2 h 

and calcining in static air at 750 C for 12 h. And 

then optimized to achieve highly pure and fully 

dense pellets by hot pressing method at 900 C for 

for 1 h in Ar atmosphere on 60 MPa. The sample 

was annealed by furnace 900 C for 12 h in air at 

after hot pressing.  

 The phase identification of the obtained 

samples was made by X-ray diffraction on 

Shimadzu's, XRD-6100, that used Cu radiation 

target at 40 kV 30 mA and scanning rate of  

5 min−1 from 10 − 80. The pellets of composites 

were cut into standard samples with a dimension 

of 3  3  15 mm3, the Resistivity, Seebeck 

coefficient and Power factor were measured in the 

temperature range of 38 − 600 C by Seebeck 

Coefficient/ Electric Resistance Measurement 

System (ZEM-3, ADVANCE RIKO). The 

microstructure of the powder was examined by 

scanning electron microscopy on a JEOL, 

JSM5410LV. 

 

Results and Discussion 

 

 The picture of sample was cut into standard 

samples with a dimension of 3  3  15 mm3 for 

measure resistivity, Seebeck coefficient and power 

factor shown in Fig. 1.  

 XRD patterns of the hot pressing at 900 C 1 

h in Ar atmosphere on 60 MPa observed 

diffraction peaks of the sample matches with 

Ca3Co4O9 phase (JCPDs No.023-0110) and 

unidentified phase at 61.5 [9 − 11]. Further 

anealed by furnace 900 C 12 h in air at after hot 

pressing presented complete transformation to 

Ca3Co4O9 phase. The Ca3Co4O9 phase shows 

monoclinic structure correspond with literature 

data, the lattice parameter value for Ca3Co4O9 was 

calculated from X-ray diffraction profiles 

presented hot pressing sample (a = 5.31 Ȧ,  

b = 4.58 Ȧ, c = 11.16 Ȧ and  = 102.82°) and the 

after hot pressing sample (a = 5.33 Ȧ,  

b = 4.58 Ȧ, c = 11.10 Ȧ and  = 103.55). The after 

hot pressing sample presented smaller volume of 

unit cell than hot pressing sample, which 

corresponds to increase the density that show in 

Table 2. The relative densities of samples hot 

pressing and annealed by furnace after hot 

pressing. We are achieved to preparing bulk 

samples, the samples are sintered with  

hot-pressing technique at 900°C for 1 h, which 

present low relative density above 91.40 − 91.70% 

of the theoretical density (Table. 2). Fig. 3 shows 

the SEM observation of Ca3Co4O9 particles 

annealed by furnace after hot pressing [12].  

The particles appeared to have strong 

agglomeration and no specific shape was 

observed. The average particle size of 

agglomerated particles was in the range of  

2 − 3 m. The microstructure of sample presents 

many pores, which in accordance with low relative 

density.  
 

 
 

Fig. 1 The sample was cut into standard samples 

 with a dimension of 3  3  15 mm3 

 

 
Fig. 2 XRD patterns of samples hot pressing and 

 annealed by furnace after hot pressing. 

 

 From the result of electrical resistivity and 

Seebeck coefficient was calculated effective 

property to evaluate the thermoelectric 

performance of the materials. The after hot 

pressing sample has good power factor went 

compere with hot pressing sample, present power 

factor value increase with increasing. The highest 

power factor value of Ca3Co4O9 is  

0.18 mW m−1K−2 at 600 C in Fig. 6. The sample 

anealed by furnace after hot pressing shown good 



 

 

A. Angnanon / Journal of Materials Science and Applied Energy 9(1) (2020) 469 − 472  
 

 

471 

 

thermoelectric properties  when compere with [2] 

prepared Co3Co4O9 by sol-gel method and 

sintering at 900 C for 24 h that presented about of 

electrical resistivity 24.20 m.cm, Seebeck 

coefficient  205 V K−1 and power factor 0.17 mW 

m−1K−2 at 600 C. 

 

 
 

Fig. 3 SEM micrograph of the Ca3Co4O9 

 anealed by furnace after hot pressing. 

 

 
Fig. 4 Temperature dependence of the electrical 

 resistivity of samples hot pressing and 

 annealed by furnace after hot pressing. 

 

 
Fig. 5 Temperature dependence of Seebeck 

 coefficient of samples hot pressing and 

 anealed by furnace after hot pressing. 

 

 

Fig. 6 Temperature dependence of the Power 

 factor of samples hot pressing and 

 anealed by furnace after hot pressing. 

 

Conclusion 

 

 The XRD pattern Ca3Co4O9 phase (JCPDs 

No.023-0110) nanopowders were synthesized by a 

Sol-gel method and hot pressing method at  

900 C for 1 h in Ar atmosphere on 60 MPa that 

has been successfully after anealed by furnace  

900 C for 12 h in air at after hot pressing.  

Table 1. Lattice parameters value for Ca3Co4O9 from X-ray diffraction profiles. 

Samples Structure a (Ȧ) b (Ȧ) c (Ȧ)  (°) V (Ȧ3) 

Hot pressing monoclinic 5.31 4.58 11.16 102.82 265.00 

After hot pressing monoclinic 5.33 4.58 11.10 103.55 263.98 

 

Table 2. A list of the bulk density, theoretical density and relative density of samples hot pressing 

 and aneanled by furnace after hot pressing. 
 

Samples Bulk Density 

(g cm−3) 

Theory Density 

(g cm−3) 

Relative Density  

(%) 

Hot pressing 2.86 3.13 91.40 

After hot pressing 2.89 3.15 91.70 
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The strong XRD pattern has affect to the highest 

power factor value of Ca3Co4O9 is  

0.18 mW m−1K−2 at 600C when compere with hot 

pressing sample. 
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