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ABSTRACT

Recently, segmented thermoelectric materials have been undeniably popular owing to their
highly efficient heat-to-electricity conversion capability. This work therefore focuses on the
preparation of bilayer thermoelectric YBa,Cuz0;4-CazCo,09 or YBCO-CCO ceramics by solid-state
reaction and sintering method. YBCO calcined at 850°C for 12 h showed pure phase with
orthorhombic structure and Ca;Co,40q calcined at 750°C for 24 h showed pure phase with hexagonal
structure. The optimum condition for sintering the YBCO-CCO ceramic included 900°C sintering
temperature and 18 h holding time under a normal atmosphere. This sintering condition was also
applicable to all YBCO-CCO samples regardless of the layer thickness. Good bonding of the
cylindrical-shaped bilayer YBCO-CCO ceramics seemed to be caused by interfacial reaction between
two compounds. Based on the high values of the power factor of individual YBCO and CCO layers, it
was expected that the bilayer YBCO-CCO ceramic would give enhanced power factor similar to those
of state-of-the-art segmented thermoelectrics.
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INTRODUCTION

As the world keeps using natural resources ZT = S%Tik

for daily human activities and industrial where Z is the figure of merit, T absolute
manUfaCturing'_aS much as 70% of input energy is temperature, S Seebeck coefficient, ¢ electrical
lost to the environment [1]. The renewable and conductivity and « total thermal conductivity [3].

environmentally “green” source of energy has  certain TE materials, particularly Bi-Te-based
been required. A type of alternative energy devices alloys, have already been used in various devices

that can directly converted thermal energy t0  qych as electricity generators, TE modules and

EIECF”C“&' IS~ now r_r(;adeh of |Interr_neta_lll:é:, cooler/heater [4-7]. To optimize thermoelectric
semiconducting or oxide thermoelectric (TE)  nonerties over a wider range of temperature,

E?fter!als. In tge_se TEbmaterlaIs, elec(tjron an hole segmented thermoelectric unicouples were initially
r: ﬁsmn a(;e Ir(;ven | yt%mﬁerature .r:)g_f;atween investigated by the Jet Propulsion Laboratory
the hot-and cold-endsand the potential ditference jp y “cyillat et al. studied segmented of novel

between the two ends occurred. This phenomenon P-type Zn,Shs, p-type CeFe,Shy,-based alloys and

d?tirmmes _the Seebeck coefﬁue_nt,hwhlch IIS one n-type CoShs-based alloys and found an increase
of the most important parameters in thermoelectric - “iharmoelectric efficiency by about 15% [8].

properties [2]. The overall performance of TE Recently, Le et al. [9] studied a segmented

materla_ls IS _generally _evalua¥ed by the thermoelectric oxide between p-HH/CazCo,0q
dimensionless figure of merit equation:

83



P. Wannasut / Journal of Materials Science and Applied Energy 6(1) (2017) 83—-87

and n-ZnggegAlp 20 which showed improved
thermoelectric performance with ~5% conversion
efficiency.

Therefore, this work attempted to prepare a
bilayer of YBa,Cu3;0- (YBCO) -Ca3Co,0, (CCO)
ceramic via the solid-state sintering method. YBCO
is a well-known high-Tc superconductor and at its
stoichiometric composition, the compound had
exceptionally high electrical conductivity value
(50,000 Q'm™ at 300 K) [10-11]. However, in
terms of Seebeck coefficient, the value was very
low (S < 10 pV/K) [12]. On the other hand,
Prayoonphokkharat et al. [13] reported that
YBa,Cuz0; ceramic possessed high value of ZT
(~2) due to its high electrical conductivity (50,000
Q'm™) at a temperature slightly higher than room
temperature coupled with moderately high Seebeck
coefficient (=500 uV/K) and low thermal
conductivity (~1.6 W/mK). For CCO, this material
is known to have a misfit layered structure with
potentially high ZT wvalue (~0.87) at high
temperature [14]. Prasertsopa et al. [15] similarly
reported electrical conductivity of 4,000 Q'm™and
moderate Seebeck coefficient (170 pV/K).

By forming the YBCO-CCO bilayer ceramic
whose optimum ZT values could be obtained at
low and high temperature, respectively,
thermoelectric properties are expected to be
enhanced. Microstural, chemical and electrical
property measurements are therefore carried out
and discussed in this work.

MATERIALS AND METHODS

Starting materials for preparation of the
YBa,Cu;07. (YBCO) and Ca3C0,409 (CCO)
powders in this study were Y,03 (99.99%, Aldrich),
BaCO; (> 99%, Sigma-Aldrich), CuO (98%,
Sigma-Aldrich), CaCOs; (99.5%, Aldrich) and
Co30;4 (99.5%, Aldrich). The moisture in BaCO;
and CaCO; powders was removed by heating in an
oven for 24 hrs. The weighted powders were mixed
by using wet ball milling in 99.9% ethanol for 24
hrsand dried in an oven at 120°C for 24 hrs. YBCO
powder was calcined at 850°C for 12 hrs and CCO
powder was calcined at 750°C for 24 hrs in a
normal atmosphere with heating and cooling rate of
5°C /min. The green compacts of YBCO, CCO and
bilayer YBCO-CCO were formed using a uniaxial
pressing technique (see Figure 1).

The YBCO and CCO green pellets were
sintered at 900-1050°C for 12 hrs and 950-1050°C
for 24 hrs, respectively. The bilayer was sintered at
a temperature of 900°C for 18 hrs. The heating and
cooling rates for the sintering process were
5°C /min. X-ray diffractrometer (XRD, Lab X-
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6000) was used for analyzing the phases of powder
and ceramics. The microstructure was determined
by scanning electron microscopy (SEM, JEOL
JSM-6335F). The power factor of individual YBCO
and CCO ceramics was investigated using a
Seebeck coefficient/Electrical resistant measurement
system (ZEM-3, Ulvac).

°c-® o@®
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Fig. 1 YBCO-CCO bilayer preparation by uniaxial
pressing.

RESULTS AND DISCUSSION

Figure 2(a) and 2(b) show XRD pattern of
calcined YBCO and CCO powders, respectively.
The patterns presented single phase and no
secondary phase was observed. This indicated that
starting materials reacted completely during
calcination process.
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Fig. 2 XRD patterns of (a) YBCO powder and
(b) CCO powder.

Figure 3 shows the density of YBCO and
CCO ceramics. The optimum values of 5.47 g/cm®
at the sintering temperature of 950°C for 12 hrs
and 5.72 g/em?® at 1000°C for 24 hrs were obtained
for YBCO and CCO, respectively. The resulting
YBCO and CCO ceramics presented regular
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shape, undistorted and not melting. It was believed
that an increase in the sintering temperature caused
a driving force for mass transfer to increase. This
led to an enhancement of the sintering capability of
the ceramics. However, as the sintering
temperature increased further, the density of the
ceramics was then dropped. This was attributed to
an evaporation of a raw component and a
re-emergence of pores, leading to a decrease of a
density of the ceramics [16]. By varying the
sintering condition, i.e. from 900-1000°C and
12-20 hrs, for preparing the bilayer YBCO-CCO
ceramic, the most suitable sintering temperature
was found to be 900°C and 18 hrs holding time.
The interfacial bonding between YBCO and CCO
showed no distortion and cracks as observed by an
SEM backscattered image shown in Figure 4.
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Fig. 3 Plot of the density YBCO and CCO as a
function of temperature.
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Fig. 4 Backscattered electron image and

compositional variation of bilayer YBCO-CCO
ceramic.

YBCO showed light color while CCO
indicated dark color owing to their difference in
apparent atomic mass and hence electron
scattering capability [17].

XRD patterns of YBCO-side and CCO-side of
the bilayer corresponded to the standard file No.
39-0486 of YBa,Cus0, in the orthorhombic space
group (Figure 5(@)) and file No. 023-011 of
CazCo409 as a monaclinic structure (Figure 5(b)),
respectively. Energy dispersive X-ray spectrometry
(EDS) near the interfacial boundary of the bilayer
showed elemental composition corresponding to
CCO and YBCO layer. There was some
compositional variation of each element at various
positions away from the interface. This could be
due to some diffusion/reaction that may occur at
the interface. However, the extent and exact
compositional difference on each side may have to
be investigated more precisely. Overall, the
chemical composition of each side at the distance
greater than 30 pm from the interface should
belong to that of CCO and YBCO layers.
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Fig. 5 XRD patterns of (a) YBCO-side and (b)
CCO-side of bilayer YBCO-CCO ceramic.

Figure 6 shows the plot of electrical
conductivity and Seebeck coefficient as a function
of temperature of YBCO and CCO ceramics
measured from 373-973 K. Electrical conductivity
of all samples decreased with increasing
temperature  which indicated the metallic
conduction behavior in which the mobile charge
carriers were scattered more strongly at high
temperature. ' YBCO showed high electrical
conductivity of 88,000 Q'm™ while CCO showed
the value of 60,000 Q'm™ at temperature of 373
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K. The value of CCO at high temperature (~973
K) was also in agreement with that reported by
Zhang et al. [18]. The temperature dependence of
Seebeck coefficient (S) of YBCO and CCO
ceramics measured at 373-973 K shows an
increasing trend with increasing temperature. This
also indicated the metallic-like conduction of both
compounds [4-6]. The S values of all samples
showed positive value which implied that holes
were the major carriers and the compounds had a
p-type conduction.
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Fig. 6 Electrical conductivity and Seebeck
coefficient of YBCO and CCO ceramics.

The calculated power factor values of all
samples are shown in Figure 7. The power factor of
YBCO and CCO samples showed an increasing
trend with increasing temperature and their values
ranged from 0.3-0.8 PW/mKZ These values are
relatively high compared to some of the state-of-the-
art compounds such as NaCoO, and
AdogsPhorShTeyg [19]. Thus, It is expected that the
bilayer YBCO-CCO would provide enhanced
thermoelectric conversion efficiency and could be
used as a potential p-type leg in a unicouple module.
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Fig. 7 Power factor of YBCO and CCO ceramics.
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CONCLUSION

This work successfully prepared the bilayer
of YBCO-CCO thermoelectric ceramics via a
solid-state sintering method. The suitable
condition for sintering temperature was 900°C for
18 hrs. The bilayer had no observed secondary
phases on each side. The interface of the bilayer
showed a distinct boundary between YBCO and
CCO but with some compositional variations of
elements across the region. The power factor of
YBCO and CCO ceramics showed relatively high
values at a wide range of temperature which
indicated that the bilayer of these compounds
should provide better thermoelectric conversion
efficiency than individual compounds and may be
considered as a p-type thermoelectric leg.
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