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ABSTRACT

A-site vacancy Sm-doped Sr5LaTi3Nb7030 tetragonal tungsten bronze (TTB) ceramics codenamed SLTNvhave been investigated for their thermoelectric
properties through vacancy doping using samarium (Sm) for energy harvesting. In this study, we report the synthesis and characterization of A-site deficient Sm-
doped SLTNv ceramics with varying levels of Sm (x) compositions (x = 0.00, 0.05, 0.10, 0.1, 0.15, 0.20, 0.25, 0.30). The introduction of vacancies — strontium
vacancy; oxygen vacancy (VSrand VO) in the lattice and the identified secondary phase mixture (SrTiO3 and Nb205) in the microstructure have been found to
significantly alter electrical and thermal transport properties of the ceramics. The results show that thermoelectric figure of merit, ZT improved through careful
control of the composition and microstructure. The enhanced thermoelectric performance is attributed to the increased electrical conductivity ¢ and reduced total
thermal conductivity k, indicating that secondary phase mixture in the microstructure and the introduced vacancy defects in the lattice contributed in shortening the
mean-free-path (MFP) of phonons, resulting in a reduced minimal k value of 1.6 W/m.K at 873 K and a maximum ZT of 0.21 at 973 K for x = 0.30 ceramic material.
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1. INTRODUCTION

Thermoelectric materials have the potential to convert waste heat into electrical energy, hence offering a promising solution for sustainable energy
harvesting (Beil, 2008). Oxide ceramics such as perovskite, and TTB have emerged as a viable option for thermoelectric applications due to their high
temperature stability, environmental friendliness and potential for improved performance through compositional tuning (Koumoto et al, 2013; Snyder et
al, 2008).

The TTB structure is a complex framework lattice with a distorted, corner-sharing oxygen octahedra which forms three different tunnels or sites (Zhu et
al, 2015; Fang et al, 2014; Smirnov & Saint-Grégoire, 2013). This structure has the capacity to accommodate large cations and possession of great
flexibility for tuning the chemical composition. As a result of this structural arrangement, TTB shows excellent properties for diverse applications such
as electro-optic, piezoelectric, pyroelectric, superconductivity and high permittivity (Zhu et al, 2015; Lin et al, 2014; Raju & Choudhary, 2003).

Thermoelectric properties of TTB oxides such as Na,g_,Wy,,0,4,_s and single crystal Sr,Ba,_,Nb,0¢_s have been studied (Cerretti et al, 2017,
Kieslich et al, 2016; Lee et al, 2012). With the results reported for these TTB compounds, it is obvious that TTB and other oxides with adaptive structures
are potential candidates for thermoelectric applications (Kieslich, 2016).

In this study, Sr-site deficient Sm-doped SrsLaTisNb;Os, TTB ceramics were explored for their thermoelectric properties with a view that vacancy doping
using samarium (Sm) can significantly enhance their performance.

2. EXPERIMENTAL PROCEDURE

A-site deficient Sm-doped Srs.3,SmyLaNb;O30(x = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30) ceramics were synthesized using a solid state reaction method.
The starting materials were SrCOj3 (Sigma-Aldrich, UK, 99.90 %), La,O; (Sigma-Aldrich, UK, 99.99 % purity), TiO (Sigma-Aldrich, UK, 99.90 %) and
Nb,Os (Stanford Mat. Corp. USA, 99.50 % purity). The stoichiometric properties of the powders were mixed and calcined in air at 1423 K for 6 h,
followed by sintering in reducing atmosphere (H,/N, gas) at 1673 K for 6 h.
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The resulting ceramics were characterized for phase structure, microstructure and chemical composition using D2 Phaser Diffractometer (Bruker AXS
GmbH, Germany), XL 30 S-FEG (Philips FEI) and energy dispersive X-ray Spectroscopy, EDX (INCA Energy EDS X-ray Microanalysis System, UK),
respectively.

The thermoelectric (TE) properties were measured using a TE property measurement system. The electrical conductivity, & and seebeck coefficient, S
were measured simultaneously by employing Van Der Pauw 4-point probe method using SBA-458 Nemesis instrument (NETZSCH-GeratabauambH
Germany). The thermal conductivity, k was measured using a thermal properties analyzer, AnterFlashline TM 3000, Pittsburgh, PA 15235, USA. With
the combined values of the @, S and k, the dimensionless thermoelectric figure of merit, ZT was calculated.

3. RESULTS AND DISCUSSION
3.1 Phase Assemblage and Microstructure

The results of x-ray diffraction studies (Fig. 1) confirmed all prepared Srs.sx,SmyLaNb;O3, (x = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30) ceramics are
indexed with the SrsLaTisNb;O3 TTB structure for the major peaks. Secondary phases with ideal SrTiO; perovskite and Nb,Os were detected. The
presence of these secondary phases is attributed to structural instability induced by oxygen deficiency, V, (Deng et al, 2017).

All prepared ceramic samples showed similar microstructure with a bimodal grain size distribution as shown in Fig. 2. The small grains indicated the
presence of second phase dispersed within the large grains and at grain boundaries. This therefore is a conformation of secondary phases as identified in
the XRD result. The grain size of the large grains ranges from ~ 4 to 5 pm while the secondary phases are typically 1 — 2 pm in size.

Combined SEM/EDX studies performed on the ceramics confirmed the composition of the large grains to be TTB phase while the smaller grains of
similar contrast are SrTiOz with the smallest bright grains being Nb,Os (Fig.3).
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Fig. 1. Room temperature XRD patterns of SLTNv ceramics sintered in 5% H,/N, gas at 1673 K for 6 h
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Fig. 3. EDX trace of SLTNvceramics sintered 6 hours in 5% H2/N2 at 1673 K from a (a) large grain, TTB phase (spectrum 1) (b) small grain or secondary
phase (spectrum 3).

3.2 Electrical Transport Properties

Fig.4 shows the temperature dependence of the electrical conductivity, o of the SLTNv ceramics sintered 5% H,Ngas at 1673 K for 6 h. The o behavior
is divided into two parts: part | and part 1l for discussion purposes.

The electrical conductivity of part | (x = 0.00, 0.15, 0.20) is higher than part Il (x = 0.05, 0.10, 0.25, 0.30). The o of part | ceramic samples exhibited a
peak behavior in the low temperature range (573 — 773 K), showing a semiconductor-like behaviour, and transits to metallic behaviour at the maximum
temperature, 973 K (Wang et al, 2011; Muta, Kurosaki, & Yamanaka, 2015).In contrast, all ceramic samples in part Il showed a progressive increase
between 573 K and 873 K and decreased at 973 K. The highest a (~ 292 S/cm) was recorded for x = 0.20 ceramic at 673 K.

The absolute Seebeck coefficient, | S | of SLTNv ceramics as a function of temperature is shown in Fig. 5. The S of all ceramics are negative, indicating
that electrons are the dominant carriers. It also increased linearly with increasing temperature, and this is attributed to an increase in the internal entropy
(Cerretti et al, 2017). The highest S recorded for SLTNv ceramics is 164 pV/K (for x = 0.30) at 973 K.

The thermoelectric power factors (PF) of SLTNv ceramics is shown in Fig.6. The highest PF is expected to occur in x = 0.20 ceramics with the highest
o (~ 292 S/cm). In contrast, X = 0.00 ceramics (undoped sample) showed the highest PF value, 417 pW/K? at 973 K. It, therefore, shows that Sm doping
does improve the PF of SLTNv compositions. It is argued that the improved PF is as a result of the presence of the secondary phases particularly the
SrTiOj; phase in the microstructure. This assertion is supported by the work of Lu et al (2015) on La-doped Sr;Ti,O;Ruddlesden-Pepper (RP) ceramics.
They showed that compositions with SrTiO3 secondary phases resulted in high PF.



International Journal of Research Publication and Reviews, Vol 6, Issue 7, pp 385-390 July 2025 388

400 =X =000 ~ox=005 +x=0.10
=X =020 ~+x=025 -ox=030
-o-x = 0.15

T Partl

Electrical conductivity, o(S/cm)

50 1 4 0 T T T
500 600 700 800 900 1000
Temperature, T (K)

Fig.4. Temperature dependence of electrical conductivity for SLTNv ceramics sintered in 5% H,/N, at 1673 K for 6 h
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Fig.6. Temperature dependence of Power factor for SLTNv ceramics sintered in 5% H,/N, at 1673 K for 6 h

3.3 Thermal Transport Properties

The total thermal conductivity, k of SLTNv ceramics is shown in Fig.7. k of all samples vary irregularly with Sm concentration especially at low
temperatures. This anomaly could be due to the influence of numerous factors such as defect scattering, bond angles of the Ti-O and Nb-O octahedral;
and changes in phase assemblage as a function of composition. At low temperatures, majority of of the thermally excited phases possess small momentum,
and this is known as Normal process (N-process) (Spiteri, 20150). As a result, momentum is conserved, thus no effect on net energy, momentum
contribution, scattering in heat transport and mean free path for k. hence, increase in k with temperature.

All ceramics exhibited low k values (1.62 — 3.85 W/m.K) in the whole measured temperature range. This observation suggests that the presence
of secondary phases (SrTiO; and Nb,Os) in the microstructure and the vacancy defects (Vs and Vo) act as scattering centres, shorten the MFP of phonons
and restrict their propagation, resulting in a decrease in k. x = 0.30 ceramics showed the lowest k (~ 1.6 W/m.K) at 873 K.
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Fig.7. Temperature dependence of total thermal conductivity for SLTNv
ceramics sintered in 5% Hy/N, at 1673 K 6 h.
3.4 Thermoelectric Figure-of-Merit

The overall thermoelectric performance or efficiency of A-site vacancy Sm-doped SrsLaTisNb;O3 ceramics investigated was measured using the
thermoelectric figure of merit, ZT. The ZT as a function of temperature is shown in Fig.8.

The ZT values of all the ceramics increased with temperature in the measured temperature range. The highest ZT, 0.21 was observed in
SryssLaSmg 5oTisNb,05,(x = 0.30)ceramics at 973 K. Equally the x = 0.30 ceramics recorded the smallest total thermal conductivity (k) value of 1.6
W/m.K at 873 K. Therefore, the secondary phase inclusions (SrTiOz; and Nb,Os) observed in the microstructure and the created vacancy defects (Vs and
Vo) in the lattice would have contributed to the enhancement of phonon scattering. The overall impact therefore, is the decrease in k which results in
increase in ZT.
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Fig. 8. Temperature dependence of thermoelectric figure of merit for SLTNv

Ceramics sintered in 5% H,/N, at 1673 K. 6 h.

4. CONCLUSION

Srs.a2SmyLaNb;O5 (x = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30) TTB ceramics were prepared via a conventional solid state route, followed by sintering
in a 5%H,/95%N, atmosphere at 1673 K for 6 h. Their thermoelectric properties were assessed at 573 K < T<973 K in the same atmosphere. The study
demonstrates that tuning the thermoelectric properties via vacancy doping using a samarium (Sm) rare earth element is a promising approach for
developing high performance thermoelectric materials for energy harvesting.
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The enhanced ZT is attributed to the created A-site and oxygen vacancies in the lattice and the consequent secondary phase mixture in the microstructure.
These therefore result in the increase and decrease observed in the electrical conductivity and thermal conductivity, respectively of the ceramics. As a
result, a highest ZT value of 0.21 and lowest k value of 1.6 W/m.K were achieved in S7, ssLaSmg 5,TisNb,05,(x = 0.30)ceramics at 973 K and 873 K,
respectively.

A further systematic research is recommended to optimize the composition and microstructure of these ceramic materials and to explore their
potential applications in sustainable energy harvesting.
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