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ABSTRACT: La; xSrCo0Oj3 ceramics thermoelectric properties are analyzed hypothetically, it
is watched that most extreme esteem of figure of justify ZT (= S?cT/k) by the substitution of Sr
in La;_,SryCoO3 at x = 0.02. The Hamiltonian demonstrate is utilized for numerical result, the
phonon commitment assessed by the unwinding time estimation for thermoelectric control and
warm conductivity. It is located that substitution of La with Sr in LaCoOs3; reduces in Seebeck
coefficient and advancement in electrical conductivity recognizably. The enhancement in ZT in
Lag 7Sro3C003 (LSCO) at 800K which is 5 times more than of LaCoOs. The hypothetical values
are in great assentation with the exploratory values.
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1. Introduction

LaCoOgs, Seebeck coefficient, Warm conductivity, ZT justify & Ceramics Presentation
Thermoelectric (TE) vitality transformation may be a promising innovation for era of electrical
control in terms of warm recuperation. The figure of justify decide vitality change productivity
of materials, spoken to as ZT = S 6T/k where S is Seebeck coefficient, k is warm conductivity, s
is electrical conductivity and T is Temperature. Great thermoelectric fabric with a tall figure of
justify ZT ought to have moo warm conductivity and tall electrical conductivity, Seebeck
coefficient. Thermoelectric execution of customary TE compounds can be effectively get
oxidized or deteriorated in discuss at tall temperatures constraining its application [1-5].

TE fabric Cobalt oxides are utilized since of its expansive electric conductivity and Seebeck
coefficient [6]. They appear a solid related electron framework with La particles displaying an
vitality level decline of electronic states, which is consider at moo temperature as beginning of
huge Seebeck coefficient. Rhombohedra misshaped perovskite structure of Lanthanum cobalt
oxide gives a ordinary illustration of warm helped turn state move of trivalent cobalt. It is
conceivable alter its sign by reasonable substitution to progress the Seebeck coefficient esteem.
For the arrangement of thermoelectric devices the not at all like layered oxides and LaCoO3
which may not require a lumbering strategy of epitaxial development. Substitution of Sr is
productively progressed the thermoelectric execution of ceramics LaCoO3.
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The typical sintering strategy and strong state response were create the ceramic test La;
xorC003, and the impact La substitution with Sr particles was inspected by the assessment of
Seebeck coefficient and electrical conductivity [7-8]. It was found that the figure of justify was
essentially upgraded [1].

Thus, when Sr is substituted in La; 4Sr«CoQgs, the concentration in number gaps increases and
the Seebeck coefficient falls. Either gaps are created, i.e., La*" is oxidized, or oxygen vacancies
are produced to compensate for the surplus negative charge age presented by Sr®* doping in
LaCoO3 [2, 9]. The Seebeck decreases when raising the temperature as the turn state moves.

When temperatures go above 327°C, the transport component contributing to the Seebeck
coefficient is overwhelmed by newly introduced frame gaps and turn state move wraps-up
caused by doping. Hence, it decreases to a lower constant value at high temperature. At ambient
temperature, the un-doped LaCoO3 gives a steadily negative Seebeck coefficient. In any case, the
Seebeck coefficient went from negative to positive with very little Sr substitution [1].

After that, Sr-doped LaCoOs; thermoelectric characteristics are most likely shown. The
Hamiltonian-display is utilized as a numerical result, and the phonon commitment is determined
from the estimation of the unwinding time for thermoelectric power and thermal conductivity
[10-12]. The shown Hamiltonians generate phonons, surrenders, electrons, and grain boundaries.
To suit the available numbers from the tests, the electron contribution to thermal conductivity
and thermoelectric power is assessed.

2. The Model

The Hamilton model used to calculate the theoretical values is described in [10-12].
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The first two terms refer to the electron as a carrier and the phonon excitation. The third and
fourth terms define the phonon-carrier and phonon-impurity interactions, respectively. The last
term relates to the phonon-phonon interaction. The notations ¢ (c+) and d (d+) are electron and
phonon creation (annihilation) operators. Additionally, ek is the free energy of the electron, q
denotes the phonon frequency corresponding to the wave vector g, and Dp is the deformation
potential constant. Mi is the relative difference in the masses of ions taken [(M"-M)/M"], N being
the total number of cells, ri the mass density of the ions, and ri the defect location.



Kubo's equation can be employed to calculate thermal conductivity according to the Hamiltonian
model (Equation 1). Under continuous approximation, the lattice thermal conduction is given as
follows:
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There, vs is the sound speed, kg is Boltzmann's constant, wD is the Debye frequency, and 3 =
n/kBT. The imaginary part of the phonon energy determines relaxation time, which was
calculated at the base of different interactions under weak interaction conditions. This is how one
writes relaxation time.
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Rates with extended periods of relaxation are described as:
4,3
(w) =(Py k3 glw h”,
ph d (5)
-1
T w) = Paong (A),
ph_e( ) e F( ) (6)
T ohgb (@) = PgpVs /L, (7)
T on(@) =P, (Tan 1k, ). 8)

In which nF signifies the Fermi-Dirac distribution function L as size of the sample and the A is
gap function. The relaxation times of phonons scattering of defects, of carriers, and of particles
are tph-d, tph-e, tph-gb, tph-ph respectively.
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S =

(m/3n)*Pm=*T 9)

3. Results and Discussion

The Seebeck coefficient ZT merit calculations for the thermal conductivity model mentioned
above were carried out and contrasted with the existing experimental results. | got it. The
following figure compares the computed ZT value, Seebeck coefficient, and thermal
conductivity with the experimental results. In Fig. 1, Fig. 2 and Fig. 3 represent the analysis
result of Seebeck coefficient, Thermal conductivity and ZT varies with temperature for different



doping concentration, experimental data (Red Circles) respectively. The Table 1 represents
Seebeck coefficient data.
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Fig. 1 Seebeck coefficient varies with temperature for different doping concentration. Experimental data
(Red Circles)
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Fig. 2 Thermal conductivity varies with temperature for different doping concentration



Table 1: Seebeck Coefficient Data Table

Temperature (K) | Experimental (uV/K) | Theoretical x=0.02 (uV/K) | x=0.01 (uV/K)
300 250 250 240
400 240 235 230
500 215 210 205
600 185 180 175
700 125 125 120
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Fig. 3 ZT varies with temperature for different doping concentration

4. CONCLUSION

It is located that Sr substitution in LaCoO5; enhance the electrical conduction, but coefficient of seebeck is reduced.
The result in improvement in ZT in Lag;Sry3C00; at 800K which is 5 times more than of LaCoOs. It show that
substituted element is effective to compress the grain growth of ceramic LaCoO3, which can decrease the thermal
conductivity. Therefore we obtained in the composition of La;_,Sr,CoOs; with maximum of 0.02 at 800K enhance
the ZT value. The theoretical parameter evaluated by using the Hamiltonian are best agreement with the
experimental parameter.
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