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The preparation of highly textured (Ca2Co03) 062Co02 ceramics and their thermoelectric properties have 
been reported. Plate-like (Ca2Co03) 0.62Co02 particles were synthesized from a solution consisting of 
metal salts, citric acid, organic solvents, and H20. (CazCo03)o62Co02 ceramics were prepared by a 
spark plasma sintering (SPS) process, which is a new type of sintering method for this material. 
Plate-like pure phase (Ca2Co03) 062Co02 was obtained by heat treatment at 1173 K for 3 hr in air. The 

average diameter and thickness of an obtained plate-like particle was 2 and 0.5 f.Lll, respectively. The 
grains were oriented easily by applying uni-axial pressure. Ceramics of a high density ( 4.6814 g/cm3

) and 
orientation (Lotgering factor of 35%) were obtained using the SPS method at 1073 K (SPS temperature) 
for 2 min at 29.4 MPa (uniaxial pressure) in an Ar atmosphere (atmospheric pressure). These ceramics 
showed major anisotropic and high performance in thermoelectric properties, including along the 

in-plain (a-b plain) direction resistivity of 9.6 mQcm, Seebeck coefficient of 138.3 f.LV/K, and power 
factor of 1.99 f.L W/cmK2

, as well as along the out-of-plain direction resistivity of 22.5 mQcm, Seebeck 

coefficient of 132.9 f.LV/K, and power factor of0.78 f.LW/cmK2
. 
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Introduction 
Thermoelectric materials having the properties of large 

thermo-power, low resistivity, and low thermal 
conductivity were investigated. Layered cobalt oxides, 
i.e., Na-Co-0 and Ca-Co-0 have been used by many 
researchers because they show low resistivity and low 
thermal conductivity [1-7]. 

(CazCo03)o.62Co02 consists of Ca2Co03 triple 
rock-salt layers and Co02 layers alternately stacked 
along the c-axis to form a misfit-layered structure. Thus, 
the physical properties are highly two-dimensional 
compared with a orb-axis direction. (Ca2Co03) 062Co02 
has a large Seebeck coefficient in spite of low resistivity 
and relatively low thermal conductivity. However, a 
large single crystal is difficult to obtain, and 
thermoelectric properties of (Ca2Co03)o.62Co02 

ceramics are inferior to that of single crystal [7]. 
The spark plasma sintering (SPS) process is easy, cost 

effective, and requires no previous sintering experience. 
And, it allows metal compounds, ceramics, polymers, 
and thermoelectric semiconductors to be synthesized. 
SPS is an effective method to prepare ceramics with 
superior density and to reduce grain growth [8-10]. 
When compared with the conventional powder sintering 
method, SPS allows preparing ceramics at low 
temperatures and at a shorter duration by charging the 
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intervals between powder particles with electrical energy 
and by efficiently and momentarily applying a highly 
energized spark electrical discharge. The relatively low 
temperature and short sintering duration of the SPS 
process would be advantageous in keeping in check the 
exaggerated grain growth. 

In this study, we prepared textured (Ca2Co03) 062Co02 
ceramics with major anisotropic and high thermoelectric 
properties. A plate-like (Ca2Co03) 0.62Co02 precursor 
powder was prepared using a modified Pechini method. 
The powder was sintered by SPS with an application of 
uni-axis pressure for an obtained one axis-oriented 
(CazCo03)o.6zCo02 ceramic. 

Experimental procedure 
(Ca2Co03) 062Co02 powders were prepared using the 

modified Pechini method. Pechini 's method [ 11] is well 
known as a simple method for preparing metal oxide 
powders where polymeric precursors are made from 
metal salts, ethylene glycol, and citric acid using a low 
temperature heat-treatment This method allows the 
metal cations to be mixed at a molecular level and 
stoichiometric compositions to be achieved by chelating 
the metal ions in solution with citric acid. Many studies 
using this method have been reported [12-15]. 
Furthermore, this process offers several advantages in 
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fabricating ceramic thin ftlms, including low cost, 
homogeneous compositions, high purity, and low 
heat-treatment temperatures. In this study, we prepared a 
precursor solution with metal salts (Ca(N03)2-4H20 and 
Co(N03) 2•6H20), citric acid, and ethylene glycol 
monomethyl ether. These metal salts were dissolved 
with a solution consisting of citric acid and ethylene 
glycol monomethyl ether. The solution was refluxed at 
333 K for 1 hr. The precursor solution was heated at 723 
K for 2 hr after drying at 388 K. To obtain the plate-like 
precursor powder, the dried powder was heat treated at 
1173 K in air for 3 hr. 

Spark plasma sintering (SPS) was carried out using a 
spark plasma sintering system (DR. SINTER LAB 515S, 
Sumitomo Coal Mining Company, Ltd., Japan). For the 
SPS, the precursor powder was placed in a graphite die, 
and it was heat-treated up to 1073 K at a rate of 100 
K/min and then kept at that temperature for 2 min under 
a pressure of 2 9. 4 MP a in an Ar atmosphere ( 1 0 13 hPa ). 
After reaching and holding the sintering temperature in 
the SPS process, the electric power was turned off at 
1073 K, and the sample was cooled to room temperature 
in the SPS chamber. 

The relative densities of the samples were measured 
using Archimedes' method. An investigation was carried 
out using an SEM-5800LV system (JEOL Ltd., Japan). 
The surface of the sample was removed by using HCl (1 
mol/L) to observe the fine structure of the sample clearly. 
XRD patterns of powders and ceramics were measured 
using a Rint-1000 system (Rigaku Co., Japan) and X-ray 
diffractometer model CN4148 (Rigaku Co., Japan). The 
electrical properties were measured using a PPMS-6000 
system (Quantum Design Japan). 

The Seebeck coefficient and electrical resistivity were 
measured using the standard four-probe method 
(ULVAC-RIKO, ZEM-2) in a flowing He atmosphere at 
a temperature range of 300 to 773 K along the in-plane 
and out-of-plane directions, respectively. 

Results and discussion 
The homogeneous precursor solution was obtained 

using the modified Pechini method with ethylene glycol 
monomethyl ether. Figure 1 shows a SEM image of the 
(Ca2Co03)o 62Co02 powders prepared using the 
modified Pechini method. The plate-like 
(Ca2Co03)o.62Co02 particles were easily obtained. The 
average diameter and thickness of the obtained plate-like 
particle were 2 and 0.5 J..lm, respectively. The shape of 

Figure 1 SEM image of (Ca2Co03) 0.62Co02 precursor 
powders. 

the crystal grains prepared from the solution was thought 
to be influenced more from that method's crystal 
structure than the one of the other method. It was 
thought that the plate-like particles were easily aligned 
by applying uni-axial pressure. 
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Figure 2 Sintering temperature dependence of 
contribution in volume of (Ca2Co03) 062Co02 ceramics. 

Figure 3 SEM images of (Ca2Co03) 0.62Co02 ceramics, 
in-plane (a) and out-of-plane (b). 

Figure 2 shows shrinkage as a function of the heat 
treatment temperature for (Ca2Co03) 062Co02 powder. 
Uni-axial pressure (29.4 MPa) was applied to the sample 
during treatment in the SPS chamber. Shrinkage of the 
sample occurred within a narrow temperature range over 
a short time. The obtained ceramic had a high bulk 
density (density: 4.6814 g/cm3

). In an SEM observation, 
the densification was investigated, but the grain growth 
was not investigated in the sample (see figure 3). From 
these results, the shrinkage mechanism of the sample 
was thought to not be normal sintering, but a heat 
treatment or Joule's heat treatment. It may involve 
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another mechanism in the SPS sintering. Furthermore, 
figure 3 shows major anisotropic properties (compare (a) 
with(b)). 

Figure 4 shows XRD patterns of (Ca2Co03)062Co02 
ceramics obtained with the platelet powder synthesized 
using the modified Pechini method measured for the 
in-plane (a) and out-of-plane (b) directions and that 
prepared from a powder synthesized by a conventional 
solid-state reaction measured for the in-plane (c), 
respectively. Figure 4 (a) shows that peaks of 001 phases 
are more intense than those of other phases in diffraction 
patterns of figure 4 (b) and (c). Figure 4 shows that the 
c-axis of prepared (Ca2Co03) 0 62Co02 ceramic seems to 
align perpendicularly for a uni-axis pressure direction. 
From these results, plate-like grains were aligned in a 
c-axis direction by applying uni-axis pressure. 
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Figure 4 XRD patterns of (Ca2Co03)o 62Co02 ceramics 

obtained with the platelet powder synthesized by 
modified Pechini method measured for along 
in-plane (a) and out-of-plane (b), and that prepared 
from a powder synthesized by conventional 
solid-state reaction measured for along in-plane (c). 

The degree of texture was evaluated in terms of the 
Lotgering factor [7], 

where 

for the diffraction pattern of the sample, and p0 = p for 
a randomly oriented powder diffraction pattern from 
reference. A Lotgering factor of the sample along an 
in-plane direction shows the value above 35%. From 
these results, we found that the ceramic samples were 
obtained as oriented ceramic. (Ca2Co03)o6zC00z 
consisted of Ca2Co03 triple rock-salt layers and Co02 
layers alternately stacked along the c-axis to form a 
misfit-layered structure. The obtained sample was 
expected to show major anisotropic and high 
thermoelectric and electric properties. 

Figure 5 shows the temperature dependent Seebeck 
coefficient (S), resistivity (Q) (a), and power factor 
(S2/Q) (b) of the oriented (Ca2Co03)0.62Co0z ceramic 
along the in-plane and out-of plain directions, 
respectively. These results indicate that these ceramics 
showed major anisotropic and high performance in 
thermoelectric properties. In this study, 
(Ca2Co03)0.62Co02 dense ceramic was obtained using a 
short treatment in SPS sintering. And highly textured 
ceramic was obtained by using plate-like particles 
prepared with the modified Pechini method. The 
(Ca2Co03)0.62Co02 ceramic showed major anisotropic 
and high performance in thermoelectric properties, 
including along the in-plain direction resistivity of 9.6 
mQcm, Seebeck coefficient of 138.3 J.LVIK., and power 
factor of 1.99 J.LW!cmK2, as well as along the 
out-of-plain direction resistivity of 22.5 mOcm, Seebeck 
coefficient of 132.9 J.LV/K, and power factor of 0.78 
J.LW/cmK2. 

Conclusions 
Highly textured (Ca2Co03)0.62Co02 ceramic for 

thermoelectric material was obtained using a spark 
plasma sintering method with a plate-like precursor 
powder. Plate-like (Ca2Co03)o6zCo02 particles were 
synthesized from a solution consisting of metal salts, 
citric acid, organic solvents, and H20. Plate-like pure 
phase (Ca2Co03)062Co02 was obtained by a heat 
treatment at 1173 K for 3 hr in air. The average diameter 
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and thickness of the obtained plate-like particle was 2 
and 0.5 J.llll, respectively. The grains were oriented 
easily by applying uni-axial pressure. Ceramics of a high 
density (density: 4.6814 g/cm3

) and orientation 
(Lotgering factor: 35%) were obtained using the SPS 
method at 1073 K (SPS temperature) for 2 min at 29.4 
MPa (uni-axial pressure) in an Ar atmosphere 
(atmospheric pressure). These ceramics showed major 
anisotropic and high performance in thermoelectric 
properties, including along the in-plain direction 
resistivity of 9.6 mOcm, Seebeck coefficient of 138.3 
f.lVIK, and power factor of 1.99 f.1W/cmK.2, as well as 
along the out-of-plain direction resistivity of22.5 mOcm, 
Seebeck coefficient of 132.9 f.lV/K, and power factor of 
0.78 f.1W/cmK2

. 
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