
Kels EngineeringMateials Yols. 675-676 (2016) pp 679-682
'O (2016) Trans Tech Publications, Syitzerland
doi : I 0. 4 028iryv"s'. scientifi c.nettKEM. 67 5-67 6. 679

Submitted: 2015-0G08
Revised: 20 I 5-07-26

Acceptecl: 201 5-08-18

Thermoelectric Properties and Power Generation of p-Ca3CoaOs and
rFS rs.sTloo.r aTiOs Therm oelectric M odules

Kunchit S!ngsoog''''", Chanchana Thanachayanont3'b,
Anek Charoenphakdee4'" and Tosawat Seetawan1,2,d "

'Program of Physics, Faculty of Science and Technology, Sakon Nakhon Rajabhat University,
680 Nittayo Road, Mueang District, Sakon Nakhon, 47OOA, Thailand

2Thermoelectric Research Laboratory, Thermoelectrias Research Center, Research and
Development lnstitute, Sakon Nakhon Rajabhat University, 680 Nittayo Road, Mueang District,

Sakon Nakhon, 47OOO, Thailand
the National Metals and Materials Technology Center, 114 Thailand Science Park,

Phaholyothin Road, Klong Luang District, Pathumthani 1212D, Thailand
oProgram of Apply Physics, Faculty of Sciences and LiberalArts, Rajamangala University of

Technologylsan,T44 Suranarai Road, Mueang District, Nakhon Ratchasima 30000, Thailand

"kunchitsingsoog@yahoo.com, bchanchm@mtec.or.th, "deanscirmuthb@gmail.com
dt-seetawan 

@snru. ac.th

Keywords: Calcium cobalt oxide; Strontium titanate; Solid state reaction

Abstract. The CaqCoaoq (CCO) and Sre.sTl-as 13TiO3 (SLTO) are good property of oxide
thermoelectric (TE) materials. They synthesized by solid state reaction (SSR) method to study
thermoelectric properties and fabrication of thermoelectric module. It was found that, synthesis of
CCO shows that Seebeck coefficient, electrical resistivity, thermal conductivity and ZT valaes
are 130 pV K-r, 8.31 rn0 cm,0.82 W m-l K-l and 0.08, respectively at 473 K. The Seebeck
coefficient, electrical resistivity, thermal conciuctivity and ZT values of SLTO ar.e -359 pV K-r.
2.9 mtl m, 18.09 W m-r K-l and l.13xl0-3, respectively at473 K. TE modules of CCO and SLTO
were fabricated by ultra somc soldering metlod. The power generation of TE modules were
measured with temperature difference (Af ) of 1&-180 K. The I pair and 2 pairs TE modules fbr a
maximum power generation of matching load are 19 kO and 30 kC), respectively. The maximum
output power of 2 pairs TE module is larger than I pair TE moduie about two times.

Introduction

Thermoelectric materials can convert thermal to electricity and vice versa which no moving
part, no CO2 and CO, Oxide TE rnaterials irave tleen high performance at high iernperatur"e amd non
toxic. Tlre efficiency of TE materials was confirmed by ZT value (ZT = S2T I pr; S is Seebeck

coefficient, 7 is tempetature, p is eleckical resistivity and r is thermal conductivity). However,
power generation of thermoelectric module was also important and has been interested in the
present [1]. In this work, prepared CCO and SLTO by SSR method to study TE properties,
fabricated TE module tbr power generation measurement.

N{ethodology

The CCO and SLTO were prepared by solid state reaction method. Preparation of CCO was
started form CaCO3 (99yo purity" Quality Reagent Chemical Co. Ltd, New Zealand) and Co:Oa
(<10 pm, Sigma Aldrich, St. Louis, MO, USA) mixed by ball-mill at atmosphere for 2 h. The
mixed powders were calcined at 1073 K for 10 h. Atter calcine, The powders were pressed into
pellet by hydrolic single axis at 686 MPa holding for 5 min. The pellet was sintered in atmosphere
at 1123 K for 12 h. The SLTO was synthesised form SrCO: (98oA, Sigma-Aldrich, St. Louis, MO,
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USA), Lazor (99.90Yo, Sigma--Aldrich, St. Louis, MO, USA) and TiO: (99oh, Ajax Finechem Pty.
Ltd, New Zealand) powders u'hich were mixed by ball-rnilling for 2 h. The mixed por,vders rvere
calcined at ll23 K for 12 h and pressed into pellet at 156 MPa. The pellets were sintered in
atnrosphere at 1773 K for 12 h. The CCO and SLTO pellet were cut into dimension 2.1x.2.1x10 mm3 by
low speed saw (iSO Met Low Speed Saw; Buehler Co. Ltd, USA).

Thermoelectric module fabrication was using ultrasonic soldering method (USS-9210
lIlhasonic Soldering System, Switzerland). Commercial solder alloys (Alloy CS#297) was soldered
on top and bottom of CCO and SLTO materials to connect with Cu electrode. The ceramic subsfi'ate
was used with size of 25x25xl mm' to absorb and reject heat of thermoelectric module. The
measurement power was generated by thermoelectric module.

The crystal structure and crystallite size were characterized by X-ray diffraction (XRD;
Shimadzu 6100, Japan) method using CuKo radiation at 40 kV, 30 mA with a scanning speed of
5Ymin at 20 steps of 0.02o. The morphoiogy was observed by scanning electron microscope (SEM;
JEOL JSM-5401, Germany). Seebeck coefficient, electrical resistivity and thermal conductivity
were measured by steady state method at temperature ranges of 323473 K. Power generation of
thennoelectric module was tested by TE perfonnance systent in differential temperature range of
0-200 K 1'control cold side for < 323 K).

Results and Discussion

The X-ray diffraction patterns at room temperature of CCO are shown in Fig. I (a). The
diffi'action peaks were indexed by comparing with ICDD PDF card number 00-021-0139 and
consistent as well. The XRD result of CCO was indicated monoclinic structure. Figure I (b) shown
diffraction peaks of SLTO with ICDD PDF card number 00-035-0734. The diffraction peaks shows
single phase and cubic perovskite structure.
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Fig. I XRD patterns of (a) CCO and (b) SLTO

Fig. 2 SEM images of 1a) CCO and (b) SLTO
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The microstructure of CCO and SLTO are showed in Fig. 2 (a) and (b). The SEM irnage of
CCO show invariably grains boundaries connection amd affects to low electrical resistivity. The
different crystal sizes were observed in SLTO which obtain high electrical resistivity. The average
grain size of the sintered sample was found to be 4.05 pm and 5.50 pm for CCO and SLTO,
respectively.
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Fig. 3 (a) Seebeck coefficient (b) Electrical resistivity (c) Thermal conductivity and (d) Dimension
less figure of rnerit depend on temperature ofp-type CarCo+Os and r-type Sro szl,ao r3Tio-r

Thetmoelectric properlies of CCO and SLTO are showed in Fig. 3. The Seebeck coefficient of
CCO and SLTO were obtianed positive and negative, indicating p-We and n-type TE materials,
respectively. Signit/ the pCCO and the z-SLTO have large holes carrier density and large electron
canier densiry, respectively. The electrieal resistivity of CCO and SLTO at low temperature range
of 323473 K was decreased r.vith increasing temperature, which shows semiconducting-like
behavior t241.The electrical resistivity value of SLTO was obtained larger than CCO of 100 times
which could be explained by the carrier concentration is lower than [5-7]. Thermal conductivity of
CCO was small change, while SLTO increases with temperature increasing. Indicating that phonon-
phonon of SLTO scaffering is dependent on temperahre. The highest ZT value of CCO and SLTO
are 8.07x10-2 and 0.11x10-2, respectively. Now, we knorv the p-type CagCon0q and n-type
Sro.rrl,ao.r:Tio3 TE properties and then we interest fabrication of TE module using both TE
materials to generate electric power.

The TE module was fabricated 1 and 2 pairs of p and, m legs to generate voltage and current into
power. The open circuit voltage of I and 2 pairs thermoelecfoic module were compared as a function
of temperature and shows the maximum value at 47:180 K of 186.9 mV and 398 mV,
respectively. The voltage and output power depen on cu'rent of 1 and 2 pairs thermoelectric module
as shown in Fig. 4 (b). The maximum power of I and 2 pal. TE module was observed at &.,ua: 19 kf,2
and 30 kC) about 0.45 prW and 0.227 p'Vy', respectively. The output power of 1 and 2 pairs
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thermoelectric modules show increases exponmtial value and a ma,ximum value at A7:180 K of 0.67
and 1.54 prW, respectively as shown in Fig. 4 (c).
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Conclusion
Thermoelectric modules were fabricated form p_tltT,e Ca;Co+Oq and n-type Sro srl-ar r:TiO3 by

ultrasonic soldering. We can be generated power depend on temperature difference and number of
couple pairs. The ultrasonic soldering method \,\'as suggested fbr good connecting TE materials with
electrode and best conduction.
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