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Introduction 
Thermoelectric materials are perspective for energy accumulation and conversion. In recent 
years, there has been an increased interest in cobalt-based oxides, which exhibit interesting 
electrical properties [1].  
The transformation of waste heat into electrical energy by thermoelectric processes has 
nowadays been recognized as a strong scientific challenge in respect of identifying high-
performance materials.. In this study we provide new data on the preparation of Co-based 
composites between perovskites LaCo0.8Ni0.1Fe0.1O3 and layered oxides Ca3Co4O9. The electric 
properties are measured on pellets sintered at 900 oC for 40 hours. The electrical conductivity, 
density and mobility of charge carriers are determined using Van der Pauw method over a 
temperature range from 90K to 600 K.  

The aim of this contribution is to study the conditions of formation of composites between 
perovskites and layered oxides and how they affect their electrical properties. 

Structural characterization of LaCo0.8Ni0.1Fe0.1O3, Ca3Co4O9 and their  
composites 

  
XRD patterns of LaCo0.8Ni0.1Fe0.1O3 (magenta), LCO80Ca20 (green), LCO20Ca80 (red) and 

Ca3Co4O9 (blue).The samples are annealed at 900 oC for 40h 

- In this study we provide new data on the preparation of Co-based composites between 
perovskites LaCo0.8Ni0.1Fe0.1O3 and layered oxides Ca3Co4O9. Both perovskites and 
layered oxides are obtained by precursor-based soft chemistry methods. All samples are 
obtaind by method of Pechini. The electric properties are measured on pellets sintered at 
900 oC for 40 hours.  

- XRD patterns of LaCo0.8Ni0.1Fe0.1O3 is rhombohedrally distorted perovskites. 
- Was missing impurity phase for Ca3Co4O9 receive by Method of Pechini. 
- Lattice parameters are almost equally for pure perovskites and for LCO80Ca20 composite 
material. 
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Morphological characterization of LaCo1/2Fe1/2-y NiyO3 obtained at 900 oC 

Method of preparation 

 The obtained composites are in which good contact is made between the particles of the two components without changing structure of individual components. 
 

 The electrical conductivity, density and mobility of charge carriers are determined using Van der Pauw method over a temperature range from 300K to 600 K. 
 
 The observed changes in the electrical resistivity of the composites can be explained by the particle size and the contact between them. They concern the electronic conductivity and 

thermal conductivity, as a result of which the thermoelectric activity of the composites becomes higher than that of the individual components. 
 
 We are guidance our fetch for searching  materials which will have better electrical conductivity.  
 

C O N C L U S I O N S 

-The electrical resistivity () is lowest for Ca3Co4O9 and is highest for LaCo0.8Ni0.1Fe0.1O3. Composite materials are in the following 
order: LCO20Ca80 is 0.013 .cm and LCO80Ca20 is 0.052. 

- The polaron hopping mechanism is at whole temperature range. The polaron hopping energy is highest for LaCo0.8Ni0.1Fe0.1O3 is 
0.093 eV. For composite materials is in the following order: LCO20Ca80 and LCO80Ca20 is 0.045eV and 0.070 eV, respectively and for 
Ca3Co4O9 is not applicable. 

Lattice parameters (a, c, V)  for LaCo0.8Ni0.1Fe0.1O3 and LCO80Ca20 (a); Ca3Co4O9 and 
LCO20Ca80 (b) 

Transport Properties of Single- and Double- Substituted Cobaltates 

Temperature dependence of the electrical resistivity as well as the “ln(ρ/T) vs T−1” function for 

 LaCo1/2Fe1/2-y NiyO3  

Temperature dependence of the carrier density and carrier mobility for LaCo1/2Fe1/2-y NiyO3. 

SEM images of the pellet of the top sintered at 900 oC for 
40 hours: Ca3Co4O9 (left) and LaCo0.8Ni0.1Fe0.1O3 (right)  

SEM images of the pellet of the top sintered at 900 oC for 
40 hours: LCO20Ca80 (left) and LCO80Ca20 (right)  

- Carrier mobility increase with temperature for Ca3Co4O9 and carrier density decrease almost independent from the themperature. 
Composite LCO80Ca20 and LaCo0.8Ni0.1Fe0.1O3 are with lowest carrier mobility. A composite LCO20Ca80 is with highest carrier 
mobility than another composite. The electrical conductivity will be highest for Ca3Co4O9 and is consequence from lowest carrier 
density and highest carrier mobility.  

- At 300K, the electrical resistivity of 
composite LCO80Ca20 is slightly lowest 
then co-based perovskites decreased for 
composite materials and is lowest for 
Ca3Co4O9. For composite LCO20Ca80 and 
Ca3Co4O9 the electrical resistivity is almost 
independent from the annealing 
temperature, thus indicating their 
semiconducting behavior. The temperature 
dependence of the electrical resistivity can 
be calculated by a model based on the 
nearest neighbor hopping of small polarons: 
=oTexp(-Ep/kT), where Ep is the polaron 
hopping energy.  
- The polaron hopping energy is lowest for 
Ca3Co4O9 and is 0.039 eV, and is highest for 
LaCo0.8Ni0.1Fe0.1O3 is 0.093 eV. For 
composite materials is in the following 
order: LCO20Ca80 and LCO80Ca20 is 
0.045eV and 0.070 eV, respectively. 
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Samples 
Unit cells 

a±0.0001, Ǻ c±0.0001, Ǻ V, Å3 

LaCo0.8Ni0.1Fe0.1O3 5.4532 13.1191 337.86 

Samples 
Unit cells 

a±0.0001, Ǻ b±0.0001, Ǻ c±0.0001, Ǻ β V, Å3 

LCO20Ca80 4.8398 4.5660 10.8157 98.2447 236.54 

LCO80Ca20 4.8370 4.5618 10.8960 97.7651 238.22 

Ca3Co4O9 4.8249 4.5687 10.8623 98.3676 236.90 

(a) 

(b) 

„ ЮБИЛЕЙНА НАУЧНА СЕСИЯ, ПОСВЕТЕНА НА 100-ГОДИШНИНАТА ОТ РОЖДЕНИЕТО 
НА АКАДЕМИК ГЕОРГИ БЛИЗНАКОВ" 
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80 vol. % 

LaCo0.8Ni0.1Fe0.1O3 

20 vol. % 

Ca3Co4O9 

30 min 

B. Method of preparation on composites materials: 

Press at 5 

tons for 1 min 

Annealing at  

900 oC for 40h  
LCO80Ca20 

- The same procedure was using and for another compose 20 

vol. % of LaCo0.8Ni0.1Fe0.1 and 80 vol.% Ca3Co4O9. This 

compose will be denote: LCO20Ca80 

Samples  (290K), .cm Ea, eV Mobility, 

cm2/Vs 

Density, 

cm-3 x 1018 

LaCo0.8Ni0.1Fe0.1O3 0.062 0.093 

 

2.70 8.60 

LCO80Ca20 0.052 0.070 

 

10.77 4.18 

LaCoO20Ca80 0.013 0.045 

 

48.82 1.13 

Ca3Co4O9 
0.0095 No 

 

1050 0.7 

 A. Method of Pechini  

 Citric acid (CA) (1M) + La(NO3).6H2O (1M) 
+(1/2)CoCO3 +(1/2-y) Fe(NO3)3.9H2O +(y) NiCO3 

where the La:Co,(Fe+Ni):CA ratio is 1:1:10  
 

La-(Co+Fe+Ni) transparent citrate solution  
(0.25 M La, Co) 

Ethylene glycol – stirring at 90 oC La,Co, Ni, Fe 
polymerized complex (CA:Ethyleneglycol=10:40) 

      - Thermal decomposition at 400 oC for 3h 
           - Annealing at 900 oC for 40h 

LaCo0.8Ni0.1Fe0.1O3 

 

 Citric acid (CA) (1M Ca) + CoCO3 (1M),  
where Ca:Co:CA the ratio  is 1:1:10 
Ca-Co transparent citrate solution 

(0.25 M Ca,Co) 

Ethylene glycol – stirring at 90 oC Ca,Co 
polymerized complex (CA:Ethyleneglycol=10:40) 

Ca3Co4O9 
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