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Abstract

Energy demands are increasing daily due to the rapid growth of industrial production.
Nonetheless, a lot of energy produced is lost as waste heat, necessitating the development of
waste heat recovery systems. Thermoelectric materials are feasible to transform waste heat
energy into electrical energy. In order to have a thermoelectric material with a large figure of
merit (z7), the material must possess a larger value of Seebeck coefficient and electrical
conductivity while at the same time should have a low value of total thermal conductivity.
However, strong interdependency among these three parameters makes the task challenging.
Nanosized materials are considered an effective method to overcome the challenges of
interdependency among the z7T parameters, improving the thermoelectric performance of a
thermoelectric material. The present thesis focuses on synthesizing nanostructured
thermoelectric material and fabricating the flexible thermoelectric device; the study is further
explored to fabricate a hybrid device for harvesting multiple energies, i.e., mechanical and
thermal energy, by utilizing triboelectric and thermoelectric hybrid effects. The thesis also
focuses on the exploration and enhancement of thermoelectric properties of the 2D-MoS:
material.

In order to carry out work in this direction, we have synthesized silver telluride (AgzTe)
nanoparticles using the hydrothermal method and showed significant improvements in the
thermoelectric properties compared to the bulk Ag,Te sample. AgrTe nanoparticles showed
the highest figure of merit (z7) of 1.37 at 373 K, which is the highest z7 reported for this
undoped material. This high z7in Ag>Te nanoparticles is mainly due to about ~ 2 times higher
electrical conductivity (1967 S/cm) and subsequently ~ 2 times lower thermal conductivity

(0.53 W/mK) as compared to the bulk Ag>Te sample.

To fabricate a flexible thermoelectric generator (~TEG), we have utilized a vacuum
filtration technique using a nylon membrane to prepare a flexible Ag>Te-nylon composite film.

Apart from having a higher Seebeck coefficient value (-135.5 pV/K) and simultaneous lower
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thermal conductivity (0.29 W/mK), the developed composite film demonstrates good
flexibility in the bending test by retaining about 87 % of the electrical conductivity even after
500 times bending. The film shows an enhanced power factor of about 450 pW/mK? and a zT
of about 0.48 at 313 K. A single f~TEG strip of the AgxTe-nylon film can generate a maximum

power density (PDmax) of ~ 466 nW/cm? at a temperature difference (A7) of ~ 36.8 K.

Further, to harvest multiple energy, we developed a multifunctional flexible Ag>Te-
nylon nanocomposite film that employs a unique approach to harvest mechanical and thermal
energy by utilizing triboelectric and thermoelectric hybrid effects. In the flexible film, Ag>Te
nanoparticles embedded in the nylon film act as a thermoelectric material, while the nylon
membrane works as a triboelectric material. The flexible hybrid device can generate a power
density of 58 pW/cm? through simple finger touch via the thermoelectric effect, whereas a
power density of 23 nW/cm? can be generated via rubbing with fingertips due to the
triboelectric effect. The fabrication concept is extended to fabricate the nanocomposite film of
Ag>Te with polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (PVDF) membranes.
In the Ag>Te-PVDF nanocomposite film, an output power density of 1 pW/cm? has been
achieved while rubbing with fingertips. To explore the device's performance, capacitor
charging was performed. The fabricated device in this study is the only one of its kind where a

single material can harvest thermal and mechanical energy.

Lastly, to explore the thermoelectrics of 2D materials, we have chosen molybdenum
disulfide (Mo0Sy), a transition metal dichalcogenide (TMDC). MoS; nanosheets have been
prepared using the refluxing method. The low electrical conductivity of MoS: is improved by
making its nanocomposite with reduced graphene oxide (RGO). The higher value of electrical
conductivity and a simultaneous decrease in thermal conductivity results in enhanced z7 in the

nanocomposite sample.
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M Iare ) g gfg B BRI Kol @1 AT ufafeT o W 71 3t Ianfed Soif &1
TS JST (T Uiy a0 o &0 § ¥ 51 i1 5, Fora SafRys org gawifed yonferdy o fasmm
®I MAIHT 8 | YHgAfded HRTW SUlRIS 19 ol & faggd ol § dga &1 ST
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A TSI & S Aolgd IRER Rl & SR I 2T HI W HAT 3dd Aol gl
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yrfsafdee Ue=H B gUR A §, AINIeS HeRTd &1 Ue THIE R AT ST 8 | I
& fAmfor IR Hfea 8; 31eqam HY 3 AV B §U ealsaiaed R yHigafdes grefs
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e & A f5ar 8 oIk ae Ag,Te St B gor & yrigafaees ol & Heayuf
YR @ 81 Ag.Te AAIUIIEw 7 373 KR 1.37 &1 R 3ifs ART (27) femmn, 5t 39
3FTIE HeRaa & forg Rt foman man S=a® 2T 81 Ag:Te AU H & H T8 3o 2T & =
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U HH (-135.5 pV/K) 3R &0 dTUTg FaedT 0.29 W/mK) B9 & 3radT, fasRid smifre
@ 500 TR TS & q1E it TFTHT 87% faggd Aradhdr ST 991 IWdt § S 9gd &l st
Tfeafaferd! velRid #ar 8 | 78 fhe 313 K TR §¢T §31 TTHT 450 pW/mK? UTaR thaeR 3R
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3R (AT) TR ~ 466 pW/cm? BT 3HfIHaH Trer SIS (PDmax) I HR Il 8|
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PR FifAeh SR TG Sl b ey Teb 3ifgela efepior o7 IuTlT &hell 8| TeifeRyered ftbet
#, TAH fher § IHIRd AgTe AAMTICH YHIdfdcd HCRIA & €U H S B o,

SIafd QA A reaIgdiaed Il & &9 § HH IRl ¢ | Rifead gsies fEasy
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