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Abstract

The bismuth telluride (BizTes) nanostructure is the most commonly used in thermoelectric (TE) applications. The different processes are
utilized to produce the BizTes nanostructure. Herein, the used process is an efficient and cost effective two-step co-precipitation chemical
solution route. The process has been formed by dissolving the bismuth (111) nitrate pentahydrate, Bi(NOz)3.5H20 and tellurium dioxide, TeO>
into the same inorganic nitric acid, HNO3 with the two-step co-precipitation of sodium hydroxide, NaOH and sodium borohydride, HNaB4.
The characterizing tools such as x-ray diffraction (XRD), ultraviolet absorbance (UV), fourier transform infrared spectrometry (FTIR),
scanning electron microscopy (SEM), energy dispersive analysis of x-ray (EDAX), atomic force microscopy (AFM), and transmission electron
microscopy (TEM) were employed to produce the BioTes powders. According to these results, the obtained powders have been confirmed as a
nanostructure form of about low dimension that can be easily used in TE applications.
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1. Introduction

The BiyTes semiconductors are widely used in thermoelectric modules (TEMs). The TEMs have been the subject of many
studies since these TEMs provide an increased efficiency. They convert thermal energy into electrical energy directly. They are
environmentally friendly, because they are made of semiconductor and work quietly and have a long life [1].

A great number of thermoelectric (TE) materials have been developed with improved the TE properties to utilize its
applications. The Bi;Tes is one of the most commonly used for TE applications. The manufacture of TEMs that could reach a
theoretical efficiency is not a trivial pursuit. Therefore, it requires a huge development to research infrastructure. Ultra—fine
device quality material needs the concern efforts involving physicists, chemists, electronics, and material researchers.

To produce the Bip;Tes nanostructure, many researchers have employed the different process. Khade et al. [2] used a
mechanical alloying method to obtain the Bi,;Tes nanostructure. Bi,;Tes thin films were studied by Sudarshan et al [3] in view of
electrical and thermal properties in thermal evaporation. A novel route to nanostructured Bi,Tes films was developed by using of
an electrodeposition method by Burton et al [4]. Some a lithographic, a pulsed laser ablation, an electrochemical, a spark plasma
sintering, a chemical solution methods also used some different studies [5-12]. By means of these applications and experiments,
the chemical solution process is the very important synthesis process because supplied plenty of promising process for
developing the nanostructures with regard to financial aspect and possible to mass-production of nanostructures. The capability
to mass develop nanostructure materials is essential to the TE nanostructure research. Among of these methods, the chemical
solution synthesis method is satisfactory accesses for developing these nanostructures with agreeable efficiency. Ultimately, the
synthesis method and the aggregation of Bi,Tes inflexible nanoforms has been a great number change for enabling the mass-
production of efficient and quality devices for TEM practices [13-15].

The chemical solution process, a great amount of nanostructure TE materials like Bi,Tes and its alloy have been profitably
produced with different morphologies of nano size particles like as nanoflakes, nanorods, nanotubes and so on [16—20]. These
alloys would be the considerable for ongoing nano composite TE exploration. A few derivative utilization like as nanoplating
and nanocoating process has also been improved by using the chemical solution process. Some chemical solution techniques are
efficient and miscellaneous processes for manufacturing these nanosize materials and appropriate for these TEM applications. In
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this paper, a cost-effective chemical solution process has been demonstrated according to authors’ review papers for producing
the device quality Bi;Tes nanoform powder for TEM applications [21, 22].

2. Material and Methods

In this study, these materials in Table 1 were used in order to carry out the process. Firstly, the reagents of Bi(NO3)3.5H,0
and TeO, were taken. These were used as initialization materials for the co—precipitation of an ordinary process. Secondly, the
solvents of HNO3;, NaOH, NaBH4 and Ethanol were accumulated. These solvents were also applied without any further
purification.

Just before of the obtaining of Bi,Tes nanostructure, Bi(NO3)3.5H.0O and TeO, were made use of as a precursor in this
process. The precursor were included in the solution with stoichiometric ratio of Bi:Te (2:3) for the co—precipitation. Moreover,
NaOH solution was handled for a precipitation of BiONO3; and TeO,. Then the solution was organized the pH value of the
solution. Furthermore, NaBH4 was operated as a reducing agent for removing the oxidization.

Table 1. These materials for process.

Materials Purity criteria Purpose Company
Bi(NO3)3.5H,0 >98% co—precipitation Sigma—Aldrich
TeO> >97% co—precipitation Sigma—Aldrich
HNO3 ~70 % solvent Sigma—Aldrich
NaOH 98-100% solvent Sigma—Aldrich
NaBH4 98-100% solvent Mark

Ethanol Analytical grade solvent Mark

H 99% oxidization -

For preparing these samples, the experimental and measurement methods are handled in details in authors’ previous report
[9]. The obtained samples contained a little oxide. The hydrogen (H) gas was passed as a solution for this oxidation. For this, a
computer controlled treatment with 99% at ~250°C pure hydrogen gas was used. The oxidation of the samples obtained by
passing this hydrogen gas is reduced to a very low level. For preparing these solutions, the reagents of Bi(NO3)3.5H,0 and TeO;
easily dissolve in HNOs.

The carried out chemical reaction is given as follows:
Bi(NO3)3.5H.0 (heat ~ 70° to 80°C)— 3H>0 + 2HNOs+BiNO3(OH),
2Te0,+HNO3 — Tex(NO3)O3(OH)

NaOH+HNO3;—NaNOs;+H,0

2Biy03+9TeO3+6NaBHs—2Bi; Tes+3NaTeOs+6H,BOs+6H,0

Consequently, the black colour Bi;Tes nanostructure form was synthesised.

3. Results and Discussion

The chemical solution route is quite suitable way for Bi>Tes nanoscale thermoelectric production. Figure 1 indicates the XRD
spectra of Bi;Tes nanopowders.

The main reflections are quite well indexed to the reference code. Evidently, sample 2 all the diffraction peaks could be indexed
to pure rhombohedra Bi;Tes nanostructure, which is reference code 98-018-4631 which provide XRD machine for Bi,Tes
powder diffraction standards data same as JCPDS. The spectrum indicating the phase purity of the Bi;Tes nanopowders. It shows
that the structure indicate the nanostructure with a (015) identified orientation (peak having sharp and higher intensity). In order
to compare the spectrum with the Bi;Tes nanostructure standard reference code, corresponding to the diffraction spectra
belonged to diffraction planes of (015), (1010), (110) (205), (0210), (1115), (125) and (2110) of Bi,Tes were exhibited with other
researcher reports [23, 24].
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The absorption spectra of Bi>Tes nanostructures have been analyzed at room temperature using a UV-vis spectrophotometer
as predicted in figure 2. It can be seen that the absorption spectra of the Bi;Tes nanostructures were observed peaks for the

samples between 200 and 240 nm.

The optical band gap or energy of the band gap is defined for all samples utilizing Tauc’s equation, ohv = A(hv — Eg )"
[25,26]. Where n is equal to 2 and 1/2 for direct and indirect transitions respectively, a is the absorption coefficient. A is an
energy independent constant. The variations of (ahv)? with E (hv) for different Bi;Te; samples and with the extrapolation of the
straight line to intersect with the E-axis are indicate the band gap value. It can be seen that the direct band gap in these materials
resulting from electronic transitions, which means these materials involve only the electrons between the valance and the
conduction bands without any interaction with the lattice [27]. It was revealed a large blue shift from the standard bulk Bi,Tes
band gap (Eg = 0.15 eV) [28] due to the nano-size effect. The dependency of the band gap energy Eg on the particle size arises
from the overlapping of orbitals and energy levels of atoms and molecules in the particle. In the nano-particle where there is a
few number of atoms and molecules, the number of overlapped energy levels are small. So, the width of each of the conduction
and valance bands are narrow. This will cause an increase in energy gap between the valance and conduction bands.
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Figure 1. XRD spectra of Bi.Tes nanostructures.
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Figure 2. UV spectra of Bi>Tes nanostructure.

Figure 3 demonstrates the FTIR transmittance spectra of Bi,Tes nanostructure for the inspected samples in the study.
According to the literature report [29] , the expected peak for the FTIR spectra of Bi,Tes nanostructure are absorbed CO», at 1014
cm? belongs to Bi, at 1115 cm™ corresponds to the C-O bond, at 1400 cm™ corresponds to the O—H bond, at 1700 cm?
corresponds to the C=0 bond and two weak peaks at about 2924 cm™ and 2853 cm™ to the C—H bond of the —-CH3; and —CH—
groups. In examined sample 2 in the study, the peaks 949.47 cm™, 1265.85 cm, 1392.75 cm™, 2662.93 cm™ and 2976.97 cm™*
were observed. They were the similar nature to Bi, C-O, O-H, C-H bond and other.
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Figure 3. FTIR spectra of Bi2Tes nanopowders.

According to obtained data, these results illustrated, the prepared samples show that the sample 2 is the optimum level for
pure Bi;Tes nanopowders production. After finishing these characterization, SEM, EDX, AFM and TEM were studied only the
sample 2. Figure 4(a) shows the SEM image of Bi,Tes nanostructure that reveals the sample was arranged sequentially and
agglomerated. It exhibit quasi spherical granule shapes in agglomerated clusters and the grain dimensions are small in nanometer
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range according to the other researcher reports [30]. Experimental results suggest that the behaviour is related to grain boundaries
which shows a stacking of low dimentional particles. Notably influence the TE properties of this nanostructuration involve a
bounding surface boundaries that are impeachable for broad phonon scattering circumstance. These results propose that the
Bi,Tes can be a good aspirant for low temperature range of TE applications. Figure 4(b) shows the EDAX spectrum that
materials of Bi and Te were organized with their atomic stoichiometric ratio. The atomic composition of Bi and Te elements is
approximately 2:3 within an instrumental accuracy, confirming that the nanostructure is composed of only Bi and Te. The
significant increase of around an order of magnitude in figure of merit at low temperature compared to the stoichiometric sample.
Due to its stoichiometric behaviour the Bi,Tes is one of the promising candidates for TE applications [31].
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Figure 4. SEM image and EDAX spectrum of Bi2Tes nanostructure.

The AFM studies revels that the atom arrangement of the nanostructure is in homogenous. Figure 5 provide the 3D view of of
Bi;Tes nanostructure. In this figure it is conform that the structure in nano crystalline in form [32]. The roughness parameter also
observed through this figure. In our observation the average roughness value is about ~68 nm. The results of this investigation
are significant because large position noise in a nano positioner can obscure an AFM's surface roughness measurement.
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Figure 5. AFM image of Bi>Tes nanostructure.

Figure 6 shows the TEM micrograph of Bi;Tes nanostructure that exhibit an aggregate phenomenon, and the primary
crystalline size is about low dimension. The mean crystalline size is distribution is quite narrow. But, when the nanostructures is
smaller, the wavelength of the electrons is closer to the range of the particle sizes. The laws of classical physics must be
substituted by quantum confinement or quantum size effect [33].



100 nm

Figure 6. TEM micrograph of Bi.Tes nanostructure.

4. Conclusion

In summary, the experimental results revealed the sample exhibits the nanostructure form of low dimension. The
characterizing aspects a simple two-step co—precipitation chemical solution route has the satisfactory for developing the Bi,Tes
nanostructure. In conclusion, using this procedure may open a way for exploring high-performance TE materials that can be
easily applicable to TE applications.
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