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ABSTRACT

The global warming and the alarming rate of carbon emissions has led to the increase of
the earth’s temperature by 1°C. The fossil fuel combustion generates about 90% of the
global energy with an efficiency of 30-40% and the rest is turned into waste heat. Thus,
there is an immediate need to restrain alarming emissions of carbon and provide a feasible
solution for waste heat management. In order to circumvent this energy wastage, immense
efforts need to be devoted towards sustainable and green energy solutions. Thermoelectric
(TE) technology has been a promising solution to meet the inevitable global energy
demands, which enables the direct conversion of thermal energy into electricity and vice
versa. Increasing the thermoelectric figure of merit of thermoelectric materials is of prime
importance in order to realize their practical applications. An efficient TE material must
have high power factor (S%c) and minimum thermal conductivity (). However, owing to
the conflicting dependence of the factors governing zT, it is a challenging task to attain
maximum possible zT. In addition, the brittle nature of these materials creates constraint in

the fabrication of flexible thermoelectric devices.

The above background forms the basis of objectives of the present work. The central
objective of the thesis is to explore the various strategies for improving the thermoelectric
performance of Metal Chalcogenides and investigating their nanomechanical response.
Further, this thesis has employed a diverse range of experimental approaches, including
electrical, and thermoelectric measurements, as well as theoretical methods such as DFT
calculations, to offer these valuable insights. While analyzing the properties of as-prepared
thermoelectric materials, this thesis presents the different mechanical studies of
nanostructured materials and their effect on mechanical properties of nanocomposites. The
mechanical properties of Zinc gallium oxide (ZnGa20s) nanostructures and Ag nanorods

treated Kevlar composites is also discussed using various mechanical testing systems.

In the first section of the work, we fabricated the Ag>Se nanorod arrays and ordinary thin
films on the glass substrates by glancing angle deposition technique (GLAD) followed by
selenization in a two-zone furnace. The unique tilted Ag.Se nanorod arrays shows a
excellent zT=1.14 + 0.09 and power factor of 3229.21 + 149.01 pW/m-K?, respectively at
300 K. The superior thermoelectric performance of Ag.Se nanorod arrays compared to

planar Ag»Se films could be ascribed to the unique nanocolumnar architecture that not only
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Abstract

facilitates efficient electron transport but also significantly scatter phonons at the interfaces.
the nanoindentation measurements were performed to explore mechanical properties of the
as-prepared films. The Ag.Se nanorod arrays showed hardness values of 116.51+ 4.25 MPa
and elastic modulus of 10,966.01+529.61 MPa, which are lowered by 51.8 % and 45.6 %,

compared to AgoSe films, respectively.

In addition to tilted and straight wire morphology, it is interesting to investigate
nanostructures of complex morphologies for improved TE properties. In this regard, the
zig-zag Ag»Se nanorod arrays were prepared on the glass substrates by glancing angle
deposition technique (GLAD) followed by selenization in a two-zone furnace. A high zT
value of 1.29 £ 0.31 at room temperature in the hierarchical zig-zag Ag>Se nanorod arrays
fabricated using Glancing angle deposition technique (GLAD) followed by a facile
selenization process. The high zT value at 300 K is ascribed to the ultrahigh power factor
of 3101 + 252 uW/m-K? and the reduced thermal conductivity of 0.72 + 0.01 W/mK. Based
on ab initio computational and experimental evidence, we reveal that kinked Ag.Se
nanorod arrays consisting of rough interfaces modulate the lattice thermal conductivity up
to 48.5% at room temperature. The modulation results from interchanging of phonon modes
at kink points and enhanced scattering from large number of rough interfaces. Further,
benefitting from kinked hierarchy, a notable improvement in the mechanical performance
is observed for zig-zag Ag.Se nanorods which is confirmed by nanoindentation
measurements. The compliant architecture of multiple armed zig-zag Ag»Se nanorod arrays
makes them less prone to damage and fracture compared to single arm Ag.Se nanorods,
thereby improving their elastic properties which is favourable for the fabrication of flexible

TE devices.

Large-scale research is being done for the preparation of conducting polymer- and Ag>Se-
based organic composites for flexible TE devices. However, the performance of these
hybrid materials could not compete with their inorganic counterpart. In this regard, we
prepared a series of polycrystalline AgzSe1xSx (x =0.00, 0.15, 0.20, 0.25 and 0.30) samples
were via melting approach. The correlation between their crystalline structures, TE
properties and mechanical performance were systematically investigated. The sulfur
alloyed samples exhibit the formation of highly crystallized grains that would positively
favour electrical conductivity. Meanwhile, the presence of defects such as stacking faults,

dislocations, twin boundaries and grain boundaries not only contributes to the reduction in

viii



lattice thermal conductivity but also improves the elastic behaviour of the sulfur alloyed
Ag>Se samples. In addition, the formation of distinct diffraction spots and amorphous rings
were observed in SAED pattern, that confirms the coexistence of crystalline and amorphous
phase. Further, the mechanical and viscoelastic properties were examined via dynamic
mechanical analysis using nanoindentation. The viscoelastic properties involve
measurement of storage modulus (E’), loss modulus (E’’) and tan & as a function of
penetration depth. Intriguingly, for all samples a corresponding lower value of E”’ is
observed compared to E’ values, representing a typical viscoelastic behaviour of the
Ag2Se1xSx system. The decreasing trend in the E” values is attributed to the unique crystal
structure of the monoclinic a-Ag2S grains that are formed with increasing S content. This
study provides the opportunity to simultaneously tailor the TE and mechanical properties
of AgzSe by suitable sulfur concentration.

Among various approaches towards improving the thermoelectric response, hot carrier
filtering is one of the most promising one. The central objective of this work is to
demonstrate the hot carrier filtering effect as a means to improve the thermoelectric
properties of the SnTe-Au nanocomposite samples. Au nanoparticles grown via
electrochemical deposition are incorporated in SnTe thin films prepared by RF magnetron
sputtering. Thermoelectric properties have been investigated as a function of Au
nanoparticles concentration. An optimal value of 0.8 atomic % Au NPs concentration with
40 nm size leads to a substantial improvement in TE response, specifically in terms of
power factor. The achieved power factor value of 55.08 pW/cm-K2 at 500 K is 66.4%
improved compared to power factor values from pristine SnTe sample. The results indicate
that controlling and optimizing the concentration of Au NPs is crucial in order to reduce
the impact of negative charge carriers. A significant finding of this work is that a departure
from a certain carrier concentration could significantly diminish the advantages gained

from the carrier filtering method.

Aramid fibers, like Kevlar, have the highest specific toughness and strength of any
commercially available fiber, making them ideal for soft body armor and reinforcing fibers
in ballistic composite laminates. However, for better protection, the ballistic resistance of
soft body armor should be improved, and the inert surface of aramid fibers generates low
interfacial shear strength, resulting in inferior mechanical properties of composites.

Controlling the surface/interphase properties of the fibers is thus required to both tune the
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inter-yarn friction, which improves the soft body armor's ballistic performance, and the
composite's properties. This work reports the fabrication of aligned silver (Ag) nanorods
on para-aramid (Kevlar) fiber surfaces using a unique glancing angle deposition technique
aimed at enhancing inter-yarn friction. The study investigates the influence of Ag nanorods
on the mechanical properties of Kevlar-epoxy composites under diverse loading conditions.
The tensile and flexural strength of Kevlar epoxy composites increased by 13.2% and
39.8%, respectively, after coating of Ag nanorods on the Kevlar fabric surface. Meanwhile,
the Impact energy absorption by Kevlar epoxy composites was improved dramatically after
the development of Ag nanorods on the Kevlar fabric surface. The impact tests were further
validated by finite element analysis using Ansys software. The results show promise for

the use of Ag nanorods interfaced Kevlar composites for impact resistance applications.

The ultrawide bandgap, high fields stability and robustness make ZnGa>O4 be an excellent
candidate for devices like photodetectors, light-emitting diodes operating in deep
ultraviolet wavelength regimes and power devices application. Keeping in mind the vivid
potential applications of the ZnGa>O4 ceramics, investigation of the mechanical properties
of the ZnGa20O4 spinel is important. The role of sintering on the microstructure and
mechanical properties of ZnGa,O4 pellets has been systematically investigated in this work.
The Hardness (H) and elastic modulus (E) of the sintered pellets were obtained via quasi-
static and dynamic nanoindentation. The force versus displacement curves revealed the
elastic-plastic behaviour of the ZnGa>O4 ceramics. The H and E values of the sintered
pellets vary within 5.29-3.94 GPa and 149.25 -111.04 GPa, respectively. A decreasing
trend is observed in both H and E of the sintered pellets with increased sintering duration,
which could be ascribed to the grain size of the sintered products. The results from the
dynamic nanoindentation testing reveal that ZnGa>O4 ceramics show a reverse indentation
size effect (RISE). In addition, the viscoelastic properties of the sintered ZnGa,O4 ceramics
were examined via dynamic nanoindentation. A higher storage modulus of 121 GPa with a

corresponding low damping factor was obtained.
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UG S U BT Th AUl B g1 TP SQTdT, 37 IR S WR UHhfa
e YAt Afaes IUHRUN & faior & S1er Oer Bt 8

IWITd YEYH I A & I &1 AR g1 R &1 Hog I£x9 o1g
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i e SIS (ZnGay04) FREFR 3R Toll RIS U= HdeR HUlfle &
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B & Ugd WS H, g R Tre fSuifSe™ deiies (GLAD) §RT Td Jsee TR
AgzSe AFIRIS TRUft 3R TR Udeh et o1 fmfor forar, fores &g g1-5iF vl
oIS IR fod T | T T g8 AgoSe RIS TRUN U IPT 2T = 1.14 +0.09
3fR 3229.21 + 149.01 pW/m-K2 HT UTeR thaex feuTdt §, ST shHRT: 300 K R 81 WK
AgzSe Thed! Bt gaT | AgzSe T IRIS IRUN & dgaR YHIgAded UG &I sifgdid
AAIGTHR ARgEHdl & e FTHER S8-T1 ol ¥ahdT § Sl 4 had $IId SadeH uRdeH
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B AT UG BT 2 Ifedp TRBY W BIH B i Ageaqul &7  foazar 31 3R
et & A 10T T TaT T & ol ATg S o= A9 fhT U & | AgzSe AHIRIG GRuft
9 116,51 + 4.25 MPa ! ®aRdl A 3R 10,966.01 + 529.61 MPa & AGGR AMUI®
f3TY, S HHRT: Ag,Se T BT T H 51.8% 3MR 45.6% HH & | FHbT AT AR e
IR ATHA AT & SrardT, 9gaR 18 0N & ol SIfed SMepid fagH & A IReaR &1
SIid AT feaaed g1 39 day H, foT-91T Ag,Se RIS TRUT ®I 70N IRMccd W
TR W fETISRM dh+1d (GLAD) §RT qdR foear 1 o1, forias a1g al-o yet o
JaHTgeRM forar T uTl Sofiag TSI AgzSe F RIS ROl & AR & AIAM W
1.29 + 0.31 BT TP I 2T HMF TR @Tdt fSUIRE dab-ieh (GLAD) &1 IUTGRT 63
T T 8, oI 91 Ueh T A-T3wIRA Ufhar 8idl g1 300 K TR 3= 2T | 3101
+ 252 WW/m-K2 & 3IeTTETE UTaR ThaeR 31R 0.72 + 0.01 W/mK &1 &1 yHd Iradhdl &
forg R 21 ab initio AL 3R YOS ed P 3MYR W, §H §d1d & [P
b fpu T AgzSe FIRIS RO H T% %Y Bid § Sl HHR & dTIHM TR 48.5%
de STell YHd aTadhdl bl TN Hd & | Ao fhd fdgei R BH- Als &
TEM-UEH 3R T AT H I %Y ¥ §¢ gU 10 & uRUMRa=Y gl |
$Ud M, fhas UGHHH ¥ AT Bax, RT-9RT Ag.Se AHRIgY & forT difsd
TR H T I@IE-19 YR <91 71 § fo ! g AH1g S ¢=M AU gRI &1 offdl! § | 8
T FOTT-91T AgzSe RIS TRIUMET Bt 3T IRdH T 38 Uhd Yl AgzSe AARIS
&1 g H THaH 3R ThaeR & fIU 1 a0 s &, FoR 399 daeR 101 § guR
g1 8 S Aaiid TE SUHRUN & HHf0r & e srea 71

ortd s IUSBRTN & forg UTferR-3iR Toit2dt-snenia wrddfe Gl & e o
JIR & o 9 UM WR Y T o1 38T |1 BT, 37 Ghr Uerdf &1 UeRi 3%
PIEH JHDE P TTY Ufaege] Ta1 &= JbT1| 39 a4 T, §H Ulailiheeargd Ag.Ses.
+Sx (x = 0.00,0.15,0.20,0.25 3fR 0.30) THA! B! Udh YT AR PI, S fUae & P
& T 4 g1 37! foheeddia W, E5 o oiR e UexH & did ggddy 3
IR U Y A 1 115 &Y | Tewr [Bg o1 o T AfID feheeciipd HUll & 716+
DI USRd Hd g o GHRIAS ¥ Y f[Iggd arasmd o1 uda o371 39 o9, wfd
Wiee, feaaionyH, fg TISS! IR U9 S3S! oGSl &t SUfF 1 dHad oira yHd
TTerehal § HH H GRTEH ol 8, Sfcds T i1 o1 AgzSe T & AGR SIdgR &
I GUR Rt 81 3P SIATaT, TSt U H SehT-3eT fagd esdl 3R SHIBR 9ad
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iga &1 FHaEd BT 3R 3B 1 Agayul 81 39 HH & T Hg@qul @l
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TRIST

RIS & Fafur B RUIE HraT B, o1 30 3iaR-4T & u¥Ur &1 IgT 8 | 3feaa
fafay Aifém ufvfRufadl & Faar-3uIRT FHuifsre & i oI IR Tl AHRIS & gHE
DI T BT g1 AR HUS B A W Ag FARISH B I & d1g HaaR TaTedt
HUISTE ! Tl 3R AT HH: 13.29% 1R 39.8% ¢ TT| 39§, HIeR HUS
D1 qA8 IR Toll RIS & [dHTI & 971G haeR LU dulfoTe gRTTHTE SHoll Sa=Iyor
H ACHI Y F YR G| THTT TRI&0N DT 3T TR FUCIIR BT SUIANT HIh
G T fa=awor gRT 9= fobam 71 1| 9oy guTd wioRie SFuaRT & forg Tt
RIS ey daaR HUIfre & IuaiT & forg arer feward |

3TTAIRS d8iY, o & fRRAT 3R ASIE ZnGa04 P BielfSedex, TeX RIS
T e T 3R fIoTeht SUDHRON &b SIHANT & HTH B T ThT Sod SIS
O SUFRUN & oY Th ISP SHIGAR 1 § | ZnGa,04 T ST & &1 & siad
FUTFAT ST &1 T H X g, ZnGa0. FRUAd & Fifes o1 &1 S Hgd Ul & |
U BT T ZnGa,0, BRI & Y& TR 3R Fifes 7ol IR Rl &t Yfire & sgafkud
U W B TS g1 RieR fHT 70 11 &t S IRdT (T) 3R TR A4S (3) 3d-RR
3R TIRA IS e’ & H1eH ¥ Tt fad 7T & | 9 ST faRATIH b1 5 ZnGaz04
I gt & S & AeR-WIRe® Ta8R & Udhe fhar| Riex foy T a1 & @
3R § A HHTT: 5.29-3.94 SHUTT 3R 149.25-111.04 SUTT & R 7 gra g1 RieR
3rafy ¥ gfeg & a1y Rics & & T ¢k $ aHl & T ged! uafi @l 718 @, ford Ries
3Gl & 3 & ATHR & T PSR 38T S JHhdT &1 SRS AES ey
Tteror o TRl § Ual Iedl § & ZnGa0, RRA% te Rad S3¢3M R THE
faaTd § (RISE). 39 3rardr, Riex fhu MU znGa,0, RR® & fawwmianes 1on o
S i AE ST & Mg A o1 13 ot 121 SN f. T &1 U6 I HSRUT AU
T Tafd HH aHeT HRS & AT T fopar T3]
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