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ABSTRACT

The Ca,Co,0, compounds were synthesized by solid state reaction method and Co-
precipitation method. The crystal structure properties of samples were investigated by X-ray
diffraction technique (XRD) and Fourier transform spectroscopy technique (FTIR). The
morphology was studied by scanning electron microscopy (SEM). The XRD analysis results
confirm that the structure is monoclinic structure by comparing with standard peak of Ca,Co,O,
from JCPDS file No 23-0110. Ca,Co,0, was found that the calcination temperature at 800°C and
850°C by solid state reaction method and Co-precipitation method, respectively. From FTIR
results, the main bonding was found at the same temperature. After that, ceramics from 2 methods
were pelleted and sintered at 850°C that is the steady state temperature for single crystalline of
Ca,Co,0,. From SEM result, it was found that the average particle size from solid state reaction
and co-precipitation method are 1.60£0.38 pm and 1.01 £ 0.26 pm, respectively. The sizes of
particles are different, so that the thermoelectric properties are slightly different. For solid state
reaction method, a sample were measured during room temperature to 500 K, it was found that
the electrical resistivity is 2.68x10" dm’". The seebeck coefficient value is positive which is the
p-type semiconductor with a maximum value is 149.5 [LV/K. The thermal conductivity at 300 K
is mostly dues to phonons and the minimum value is 1.16 W / mK. Co-precipitation method was

measured during a room temperature to 500 K. It was found that the electrical resistivity is

I



2.68x10" C2m". The seebeck coefficient is p-type semiconductor with maximum value is 149.5
LV / K and the thermal conductivity at 300 K is mostly due to phonons and the minimum value
is 1.16 W / mK. From all the results, the dimensionless figure of merit (ZT) value of solid state
reaction method is 0.030 and co-precipitation method at 300K is 0.043. From two proposed
methods show that the trend of ZT is increase when temperature is increase. It is interesting to be

used at higher temperatures.

Keyword: Ca,Co,O,, Thermoelectric-oxide, Thermoelectric properties
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3224 1594 Zem-3 Wae 1AgUSEN Ulvac riko

3.2.25 1A5093AaA A3 e (Thermal conductivity)

3226 1n30dgoaoNwla (Hall effect)
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3.3 NIZVIUMITUATIZHNINEN Ca,Co,0,IAed51HA381v031T43 (Solid state reaction

method)
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9CaC0, +4C0,0, +0, —3Ca.Co,0, +9C0, (3.1)

g’/ o o § 9 I Y] Y a @ 4
NnnuuMuIauIvveIaIsh g lumsnaasuilunsy TaslilSuanaasam

20 A1 A9A15199 3.1

d' o Aq Y ad (aaa <
M1319N 3.1 ﬂ1uﬂﬂ!‘lﬁMWmﬁiiﬂﬁl%iuﬂTiﬂﬂa@QTﬂEJTﬁiJ{]ﬂiEJTGU?NLL‘lN

gasnil 9CaCo, 4Co,0, 0, 3Ca,Co,0, 9CO0,
waa Tuana (MW) 100.0869  240.7972  31.9988 499.96138 44.0095
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(Y ¢ a
3.4 NIZTUIUMIAAUATIZHNINAD Ca,Co,0,)A8IZMINNAZNBUIIN (Co-precipitation

method)
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3Ca(NO,), *4H,0+4Co(NO,), *6H,0 —>Ca,Co,0,

(3.2)
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Abstract
This research studied the influence of temperature change on calcination and phase formation of
Ca;Co40,. The thermoelectric Cas;Co,04 ceramic was fabricated by the solid state reaction ‘method from
CaCO; and Co,0s  The thermal decomposition of Ca;Co,0, powder was examined by thermo
gravimetric/differential - thermal analysis (TG/DTA). lts functional groups were analyzed by Fourier
transform infrared  spectroscopy. (FT-IR) and Raman spectroscopy. The phavse formation and crystal
structure were characterized by X-ray diffraction (XRD). Furthermore, morphology of the sample was
observed by scanning electron microscopy (SEM). The result of thermo gravimetric/differential thermal
analysis (TG-DTA) showed that a_temperature of 800°C (or higher) can decompose the precursor to
become the product of Ca;Co,0,. The FT-IR analysis showed -CO; stretching of the precursor between
300 and 700°C, and Ca-O and Co-O stretching of Ca;Co,0, was ‘exhibited at 800°C. The XRD pattemn
showed that the phase of Ca;Co,0, cannot be found between a temperature range of 300-600°C, but the
precursor was found instead. While some of Ca;Co,0, was found at 700°C, the entire precursor of CaCO,
" and Co,0;, reacted at 800°C to become Ca;C040,, which had a hexagonal structure according to JCPDs no
21-0110. Furthermore, Ca;Co,0, can be decomposed at 900°C to become CaZCOQC)g. All analytical results
agree that there is a single phase of complete Ca;Co,0, at 800°C. Maximum crystallinity was found in
ceramic sintered at 850°C for 12 h, and the SEM image of Ca;Co,0y was displayed as irregularly shaped on
a micro scale. »
Introduction
Thermoelectric materials can be used to convert heat to electricity through the Seebeck effect
(e.g., in thermocouples), or for cooling or refrigerating through the converse Peltier effect (e.g., for picnic
coolers) [1,3]. The performance of thermoelectric materials can be evaluated by the fisure of Merit,
International Conference on “Safe and Sustainable Nanotechnology
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defined as ZT =520T/K, where S, T, O, and K are the Seebeck coefficient, absolute temperature, and
electrical and thermal conductivities, respectively. Thus, a good thermoelectric material should have high
electrical conductivity, large Seebeck coefficient and low thermal conductivity to maximize the ZT value
[4-6]. Recently, increasing attention has been given to oxides as high-temperature thermoelectric materials
because of their high thermal stability, oxidation resistance and weak-toxicity (NaCo,0, Ca;C0,0,,
Ca3Co,0¢ , and BizSr,Co,0,) [7-8 1. CazCo,Qy is regarded as one of the most promising Co-based layered
oxides, with good thermoelectric performance[9]. It has a layered structure, in which two different kinds
of Co-O layers alternate in direction of the c-axis. The Co atom in one of the layers is surrounded by six
O atoms in an octahedral configuration, and the octahedral is edge-shared (CoQ, layers). Ca, Co and O in
the other layers form triple rock salt (Ca2CoOsy) layers. Crystals with a layered structure can be

considered as natural super lattices, which-consist of conducting and-insulating layers stacked alternately,

- and they should offer higher thermoelectric performance[10-12].

While the traditional synthesis method of Co-based oxides is solid-state reaction processing, it has not
been researched for each change of temperature. Therefore, the purpose of this study was to perform a
systematic investigating of the reaction between the starting CaCO, and €050, precursors and to explore a
simple conventional synthesis route for production of *Ca;Co,0s powders. The. phase formation
characteristic of the powder, calcined at various calcination temperatures, was also studied and will be

discussed

Experimental Procedure

The Ca;Co,05 powder was prepared by using the solid state reaction method from calcium
carbonate (CaCO; 99.99%, Sigma-Aldrich, Germany) and cobalt oxide (Cos0, 99.99% Sigma-Aldrich,
Germany). A stoichiometric amount of material for Ca;Co,0, was ball milled to granulate in ethanol, with
a zirconia ball for 18 h. After that, it was dried at 100°C for 24 h and hand pulverized. Then, the material
was calcined at 300°C-900°C for 6h, in order to remove organic compounds such as calcium carbonate
and cobalt oxide, and observe the phase change at various changes in temperature. Finally, precursor
powders in the crystal single phase of CasCo,0y were mixed using 1 to2 drops of 5 wt% of PVA (polyvinyl

alcohol) as cling before being compressed to a black size of 12 mm under pressure and 5 Mpa, and

-sintered in a furnace at a temperature of between 800°C and 900°C for 24h. Thermal decomposition of

the compound was examined by thermo gravimetric/differential thermal analysis (TG-DTA), which was
carried out with a Perkin Elmer operated from room temperature to 1,000°C at a nitrogen rate of
10°C/min. The Functional group was analyzed by Fourier transform infrared spectroscopy (FT-IR). The
analysis was carried out with a Spectrum GX, Perkin Elmer in order to obtain an infrared spectroscopy that
was recorded from 400 to 4,000, by using the KBr pellet method. The Phase formation and crystal
structure were characterized by X-ray diffraction (XRD) on a model AXSD 8, Bruker, using Ni-filttered CukO
radiation in the range of 10-70° and a rate of 0.02°/sec. The nanostructures of the sample were observed

using SEM, EVO MA10.
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Result and Discussion

Figure 1 shows the TG-DTA curve of the powder procedure for the decomposition of the
precursor, and temperature for makihg CazCo40y occur. The curves indicate two exothermic peaks of up
to 900°C, with a total weight loss of about 28.72%. The exothermic peak assigned to decompose CaCo, to
CaC occurred at 704.6°C within the range of 619.1°C-719.9°C, while that for the reaction of CaO and Co50,
to CasCo,0, occurred at 849.5 °C within the range of 802.1°C-861.5°C. Therefore, the calcination
temperature can be controlled from 800°C to 900°C, which enables pure Ca;Co,04 to be obtained [1, 5].
Figure 2 shows the result of FT-IR spectra from the precursor and calcination temperature at 3OOOC~9000C.
The precursor can depict 4 bands of the spectra, in which 3 are attributed to carbonates at 1,450 cmvl,
864 cm’ and 670 cm-l, respectively, and 1 can be assigned Co-O stretching at 570 cm’. When the
calcined temperature was increased later, it-was found that the carbonate compounds decreased to

700°C. The spectra, which are the vibration of Ca-O stretching, had a little carbonate remaining at 727cm’
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Figure. 1 TG-DTA curve of the powder before procedure
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Figure. 2 FT-IR spectra from the procedure at the temperature change of calcination.
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Two bands of 570 cm” and 731 cm’* appeared at 800°C and can be assigned to Co-O and Ca-O,

respectively, which is Ca;Co,0q. Furthermore, 2 spectra bands of 601 cm™ and 465 cm” were found at
900°C and can be assigned to Co-O and Ca-O, respectively, which is Ca;Co,0q. Figure 3 shows the XRD
pattern of powders from the precursor and calcination at temperatures between 100°C and 900°C. The
range of temperature between 300°C and 500°C found calcium carbonate (CaCO,) and cobalt oxide
(Co30,), which are precursors. The result is consistent with FT-IR and related to the equation,

CaCo, + Co,0, — CaCo, + Co,0, )

After that, calcination was increased to temperatures between 600°C and 700°C, which found
intensity of CaCO; and Co30,, and both peaks were low when calcination was decreased. A small peak of
Ca3Co,0, was found as:

CaCo, +Co,0, — Ca,Co,0, + CaCo,+Co,0, )

The calcination temperature of 800°C found a crystalline phase of Ca;Co,0,, which occurred in

accordance with the standard file n0.23-0110; and was successful as:
CaCo, +Co,0, — Ca,Co,0, 3)
It also has been found that the temperature of 900°C was more a decomposition of Ca;Co,0, to

Ca;C0,04 according to standard file no. 86-0531, and Co,0 as:

CayCo,0; = +Ca,Co,0; + Co,0, @)
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Figure3 XRD pattern of powders from calcination at temperatures between 100°C and 900°C

Figure 4 shows the sinter result when the temperature was increased at 800°C, 850°C and 900°C.
Intensity was seen to be more at 850°C than at 800°C or 900°C, and Ca;3Co404 decomposed to become
Ca;Co,0s. Figure 5 confirms the result of a single phase CasCo,0,, although soaking time was increased in

a furnace.
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Figure 4 XRD pattern of Sintered ceramic at temperatures of 800°C, 850°C and 900°C
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Figure 5 XRD pattern of Sintered ceramic at temperatures of 850°C for 12h/24h/48h

Figure 5 shows SEM images of the micro structure of Ca;Co,Q, powder calcined at 800°C and a
pellet sintered at 850°C. The particle sizes of the pellet are arranged in a more orderly fashion than those
in the powder. The SEM micrographs of Ca;Co,0, have an irregularly shaped structure, but randomly
grained with a layered structure and no distinct shape observed. Both of the Ca;Co,0, ceramics have high
porosity and are not dense, but the pellet has increased density, which is more than that of the powder.

The size of the particles is in the range of 1-2 um.
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Figure 5 (a) SEM images of Ca;C0,0, powder calcined at 800°C

{b) SEM images of Ca;Co0, powder sintered at 800°C.

Conclusion

Ca;C040y can be fabricated by the solid state reaction method. The temperature change of
calcination involves the phase formation of Ca;Co40,. Some minor phases such as CaCos, Co;Qq, CasC0,0,
and Ca;Co,06 were found at the temperature change of calcination. Single phase Ca;Co,0, formed the
precursor at 800°C for 4 h. Maximum crystallinity was found for ceramic sintered at 850°C for 12 h, and an

SEM image of Ca3Co,0y was displayed as irregularly shaped on a micro scale.
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