Chalcogenide Letters Vol. 16, No. 7, July 2019, p. 343 - 349
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The nano-particles system which is Thallium antimony telluride Tlyo,Sh,Teg with
different doping with concentration of Sb (x = 1.00, 1.250, 1.500, 1.750, 2.00) were
synthesized by solid state reaction method and then the nano-particles from the ingot
by ball milling techniques. X-rays diffraction analysis has defined the phase purity of
the system, as there is no extra peaks were observed. EDX spectroscopy result
confirmed the elemental composition of Tly,Sb,Tes. It is increasing thermal
properties as the Sh is doping in the nano-system. While the electrical conductivity (o)
decreased in nano system otherwise the Seebeck coefficient (S) is increased. The
different behavior of See-beck co-efficient and electrical conductivity which cause to
increase the power factor. Our present study to show that the use of Tly,Sh,Tes is
best nano-particles for thermos-electric generator.
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1. Introduction

It is statistical results show that up to 60% of energy is losing in vain worldwide, most in
the form of waste heat. High value of performance which is thermoelectric (TE) materials that is
directly and inversely change heat energy to electrical energy have thus draw growing attentions of
governments and research institutes [1]. Thermoelectric system is an environment-friendly energy
conversion technology with the advantages of small size, high reliability, no pollutants and
feasibility in a wide temperature range. However, the efficiency of thermoelectric devices is not
high enough to rival the Carnot efficiency [2, 3].

Many new thermoelectric materials or new material with which have high performance
have been found such as skutterudites with high scattering rates of phonons [4,5], silicon
nanowires [6,7], TE thin films [8], and nanostructured bismuth antimony telluride bulk alloys [9].
It was thinking that high barriers and extremely degenerately doped superl-attices must achieve
significant increases in thermos-electric power factor over bulk materials [10]. It was revised that
electron transport which are perpendicular to the barrier and investigated that large number of
degenerate doped semiconductor or metal super-lattices could achieve which shows the power
factors higher than the bulk and determined that non-maintenance of transverse momentum can
have a large effect (especially in the case of metal super-lattices) by increasing the number of
electrons contributing to conduction by thermionic emission [11].

The See-beck co-efficient for different metals and largely doped semiconductors is
determined. The equation is related by the power factor, which is directly proportional to the See-
beck coefficient squared, we determined that increasing the See-beck coefficient by having their
high effective mass and low carrier concentration, which is in the semiconducting region, is need
in a thermoelectric material. lonic compounds will give us high effective mass with low mobility,
while semiconductors with small electro-negativity differences have high mobility and low

’ Corresponding author: wagaskhanrwp@yahoo.com


https://www.sciencedirect.com/topics/materials-science/thermoelectrics
https://www.sciencedirect.com/science/article/pii/S2352847815000258#bib1
https://www.sciencedirect.com/science/article/pii/S2352847815000258#bib2
https://www.sciencedirect.com/science/article/pii/S2352847815000258#bib3

344

effective mass. The ideal situation is having high effective mass and high mobility, but this is
extremely difficult to tune in a material. One has to compromise one for the other, and there are
reports of compounds showing promising thermoelectric material at both ends of the spectrum.
Chalcogenides (group 16 10 elements) and silicon-germanium show good TE properties, with the
former exploiting high effective mass to achieve a high power factor and the high carrier mobility
[12].

2. Experimental section

TlyoxSbyTes compound (where x=1.00, 1.250, 1.50, 1.750, 2.0) has been prepared by solid
state reaction method from the Sb doped element with different concentration of respective
elements (TI granules, 99.4%; Sb powder, 99.5% and Te broken ingots, >99.99%), with different
masses of samples were measured between 60 mg and 120 mg. Tly,Sb,Tes System was prepared
by heating different elements of Tl, Sb and Te in their stoichiometric molar ration and put in a
silica tube (approx.10~mbar) stored in an argon-filled glove box to prevent it from the reaction of
other environmental elements. The silica tubes were coated under H,/O, flame. All samples were
gradually heated in a furnace with appropriate temperature the profile for these compound is (12 h-
650 K- 24 h-650 K 60 h- 650 K and cooled down to 550 K within 100 h). When the reaction
mixture was inhomogeneous after heating, then again placed in a silica tube in the argon filled
glove box and put in heat furnace for one week. Keeping the process continues until desired
homogeneous compound were obtained. The prepared ingot was then put in the Ball milling
machine to produce nanoparticles of different sizes as mentioned below. It is a process where a
powder mixture placed in the ball mill is subjected to high-energy collision from the balls to
fabricate nano-particles.

3. Result and discussion

Fig. 1 shows the powder XRD spectrum of the Tly,Sh,Tes with different doping
concentration (x = 1.0, 1.250, 1.50, 1.750, 2.0). In the XRD patterns, the strongest intensity of the
(213) diffraction peak around 31.80° indicates a preferred oriented tetragonal phase with
polycrystalline structure for all the doping concentrations in the host matrix. The peaks associated
to the (131), (122), (221), 124), (016), (242), (423), (014) and (156) crystallographic planes were
also observed. The XRD result implies that a single pure phase of Tly,,ShsTeg is obtained in the
present study. Further, the particle size of the prepared samples was estimated using Debye-
Scherrer formula,
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Fig. 1.Room temperature powder XRD pattern of Tl;.,Sh,Tes (x = 1, 1.25, 1.50, 1.75, 2).
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The crystallite size value of the prepared samples is in the range (20-24 nm) indicating that
Sb incorporations in TISbTe, do not affect significantly its crystallite size. The XRD data are
summarized in Table 1.
Table 1. Value of crystallite size and crystal system.

Sample Crystallite size, Lattice constant Volume (A%
D = 0.91/BcosO (nm) a,b,c=(A)

TlgSh;Teg 24.247 a=b= 8.8931 1004.521
¢ =13.0052

T|8'758b1.25Te6 21.795 a=b= 8.84510 1023.925
¢ =13.07515

Tlg_5osb1.50Te6 21.180 a=b= 8.82510 1013.425
¢ =13.00010

Tlg_255b1.75Te6 21.128 a=b= 8.81010 1009.091
¢ =13.0010

TlgSh,Teg 20.455 a=b= 8.84814 1022.712
c=13.16215

As X-ray diffraction techniques alone cannot find the exact ratio of elements present in the
final product, some of supporting elemental analysis is used to enhance these diffraction
techniques. EDX show quantitative percentage or ratio of the elements present in the samples. For
TlgSh; Teg sample has a pure phase highly rich in thallium (69.9 % TI, 25.8 % Te, 4.2 % Sb) for
every element the atomic percent at different spots of various crystal for a special sample has
averaged and related to the nominated atomic percent of the corresponding compound. In Fig. 2,
the spectra show the TI: Te ratio and the Sb concentration appear in the compound.
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KeV

Fig. 2 Image of Energy Dispersive X-ray spectroscope.

The electrical conductivity, e, for Tl Sh,Tes samples (wherel.0 < x < 2.0) in the
temperature range 300 K and 550 K is shown in Fig. 3. Electrical conductivity decreases gradually
with increasing temperature, which shows similar trend to Tl;BiTes system. This behavior of our
Sb doped system is true in case of intrinsic semiconductors with x= 1 as well as for doped
semiconductors with x up to 2, like the compounds Tl ,Sn,Tes and Tl BiyTeg [6, 8]. The
decreasing behavior of electrical conductivity with temperature indicates the p-type conductivity.
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Fig. 3. Electrical conductivity of Tl;o,Sbh,Teg with x varying between 1 and 2.

TlySh; Teg has the highest electrical conductivity of 700 Q™ cm™ at 300 K, which decreases
gradually with increasing temperature, i.e. 661 Q*cm™ 550 K (Fig. 3). The electrical conductivity
for TlyxShsTes also decreases with increase in concentration of x. As an example in varying
concentration of x from 1 to 2, the electrical conductivity, decreased from 700 Q*cm™ to 656 Q
'em™ at 300 K. Similarly at 550 K, it decreased from 661 Q'cm™at x = 1 to 615 Q'em™at x = 2.

Table 2. The electrical conductivity at 300 and 550 K for all samples (1.0 <x <2.0).
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Sample Electrical conductivity(Q’ Electrical Conductivity (Q cm™) at 550
lem™) at 300 K K

TlgSh;Teg 700 661

Tlg75Sby 25Teg 693 657

Tlg50Sb150TeEg 679 653

Tlg25Shy 75Teg 672 640

TlgSh,Teg 656 615

See-beck coefficient (S) for TlyShyeTes Systems with various concentration of Sb (x=1.0,
1.250, 1.50, 1.750, 2.0) is shown in Fig. 4. All samples show an increasing trend of Seebeck
coefficient with increasing temperature for example, for sample TlgSh,Tes it increased from S =
80.95 nVK™ at 300 K to S = 126.93 unVK™ at 550 K. In the same way for TlsSh;Tes compound the
See-beck coefficient increased from S = 46.76 uVK ™" at 300 K to 82 uVK ™ at 550 K.

Fig. 4. See-beck coefficient of Tl Sh,Teg with different concentration.
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The See-beck Coefficient significantly increased upon Sb doping. At 300 K, it is enhanced
from S = 46.76 pVK™ at x = 1to S = 80.95 pVK™ at x =2. Similarly, in increasing Sb composition
from x = 1 to 2, S increased from 82 uVK™ 126.93 uVK™ at 550 K.

P-type deficiency is frequently observed in such heavy metal telluride’s, as also found in
TlioxLN,Teg series and TlgBiTeg, causing a high number of charge carriers (> 10 cm'3) [7]. Tl
«Ln,Teg series ( Ln = La, Ce, Pr, Nd, Sm, Gd, Th) having almost similar trend of See-beck
coefficient of TlyShyTeg, increasing of See-beck coefficient with temperature by the creation of
smaller energy band gaps (Eg), which can be easily excited from the valance band to conduction
band.

The different temperature dependencies with variation in concentration x, can be attributed
to the relationship between Seebeck coefficient and temperature and charge carrier concentration
according to the following formula [17],

S_T 87%k%sm’ K2 %
3eh? (3n

Where,

ks = Boltzmann constant,

e = electron charge,

h = Planck constant,

m* = effective mass,

n = charge carrier concentration in system

The above equation shows that, S is directly proportional to T, but at the same time, it is
inversely proportional to n; therefore, overall S would depend on which parameter dominates in a
particular situation. Compounds with x > [ is supposed to be p-type semiconductor as TlgShTeg is
formally an intrinsic semiconductor as observed from the experimental positive value of S.

As electrical conductivity, o, rises with increases in n according to the equationo = n ue,
where u = carrier mobility and e = charge of carriers and as mentioned above, S has n??
dependence, S and o are related inversely through n. Therefore, supposedly, the opposite
observationis expected for the o trend. The experimental results endorse this expectation: as x
increases, o decreases for a given Sh due to decrease in n (see Fig. 3). Furthermore, as T increases,

o decreases, because u= Tm* where 7 is the relaxation time, which decreases with increasing

temperature.
Table 3. See-beck coefficient of all TlyShy,Teg samples at 300 and 550 K.
Sample See-beck coefficient(uVK™) at See-beck coefficient(uVK™) at 550
300 K K
TleSh;Teg 46.76 82
T|8_75Sb1.25TEG 50.47 82.96
Tlg50Sb1s0Teg 58.75 845
Tlg25Shy 75Teg 60.78 96.59
TlgSh,Teg 80.95 126.93

4. Power factor

The power factor, characterized by o’c, shows overall electrical performance of thallium
antimony telluride. The power factor values of all samples are increasing with increasing the
temperature. The increasing values of thallium antimony telluride sample are mainly attributed to
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increasing in See-beck coefficients. The Sb containing materials show a clear high value between
1.29uW-cm™K? and 9.78uW-cm™K? at 300 K and 550 K respectively with respect to un-doped
sample. The samples with x = 1.0,1.250 and 1.50 show slight increasing with less dependence of
temperature and aggregate at same point at 4.2 pW-cm™K? as shown in Fig. 5. All Sb samples
investigated here have shown better performance of power factor. TlsLnTes series was reported
that the doping of different elements i.e (Ce, Pr) in ternary group show different values of power
factor occur in the range of 2.9-4.7 yWem™K?at 550K. Ternary group (Tl;,SnTeg) substitute of Sn
has reported the value of power factor at x = 2.05 are 3.8-4.97 uyWem™K™ at 320 K and 685 K
respectively [18] which is quite low value compared to the one reported in the present study, i.e.
for TlgSb,Teg power factor is 8.98uWem™K™? at 550 K.
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Fig. 5. Power factor of Tly.,Sh,Tes.

4. Conclusions

We have studied the thermoelectric properties of Tlyo,ShyTescompound (with x = 1.0,
1.250, 1.50, 1.750, 2.00), doped with p-type antimony element on Thallium Telluride group.
Thallium Antimony Telluride nanocrystal were prepared by using ball milling techniques and then
through hot-pressing we made a dense pellet to measure thermoelectric properties. Structural and
compositional analyses of (Tly.SbxTes) were carried out with the help of X-Ray diffraction
(XRD) and Energy Dispersive X-ray Spectroscope (EDX). XRD pattern shows that thallium
antimony telluride nanocrystals are showing tetragonal structure with space group (14/mcm).

The substantial increment in the Seebeck coefficient (S) was achieved in ‘Sb’ system on
the cold-pressed and hot-pressed Tli,ShyTes, i.e. at 300 K, we observed ‘S’ values of 78.1 MVK'1
for TlgSb,Tes and 126uVK™ at 500 K respectively. All these compound shows p-type behavior, as
they have positive Seebeck coefficient. Therefore, greater the ‘Sb’ value lower the electrical
conductivity and high the Seebeck coefficient. The high Seebeck coefficient in turn gave the
enhanced value of power factor. We concluded that the relative higher values of ‘Sb’ based
compound made them interesting for further study and practical application, i.e. to fabricate high
efficient thermoelectric generator.
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