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Abstract

Composite materials are created by mixing two or more unique materials to merge their
qualities. Nanocomposite materials, which incorporate nanomaterial, can significantly
improve the host material's electrical, thermal, and mechanical characteristics and have a
broad range of emerging uses, including in healthcare and flexible electronics. Healthcare
is one of the most significant challenges for modern civilization, especially with the world's
population increasing at an alarming rate. The threat of being infected with novel microbes
has also increased drastically due to our poor life style. Nanocomposites created by
integrating elastic polymers and metallic nanoparticles have recently attracted the interest
of human-friendly wearable electronics. Due to the inherent high-stretchable nature of the
elastomers and the excellent electrical properties of the metal nanostructures, such
nanocomposites have shown the potential to achieve high intrinsic stretchability and high
conductivity. Stretchable conductors with excellent electrical and mechanical properties
can be made by optimizing metallic nanocomposites' material design and fabrication

procedures.

This study aims to develop and study the nanostructures and their smart nano-composite
materials that can be used in various applications. The work will also look at the viability
of making portable devices for healthcare and evaluate the mechanical and electrical

characteristics of fabricated nanocomposite materials.

In the first work, a highly flexible, conductive, and self-adhesive silver nanorods (AgNRs)
embedded polydimethylsiloxane (PDMS) dry electrode has been fabricated and studied for
long-term electrocardiogram (ECG) monitoring. We used a unique glancing angle
deposition method to fabricate AgNRs and then embedded them in a biocompatible
polymer PDMS matrix. Even after several hours of use, the fabricated electrodes do not
irritate the skin. These AgNRs-PDMS electrodes have an electrical resistivity of 1077 Q-m
and a skin contact impedance 0of 93.9 + 0.7 kQ to 6.2 + 3.7 kQ for frequencies ranging from

40 Hz to 1 kHz, which is around 18% less than most conventional Ag/AgCl wet electrodes.



Further, the AgNRs were embedded in the RGO-PDMS composite matrix, which improve
the nanocomposite's mechanical properties with maintaining its stretchability. The
fabricated AgNRs embedded RGO-PDMS dry electrode possesses good electrical
conductivity and skin contact impedance between 70.1 + 0.7 kQ to 5.6 + 1.7 kQ for
frequencies ranging from 40 Hz to 1 kHz, comparable to conventional Ag/AgCl wet
electrodes. These electrodes give excellent-quality ECG signals and do not cause skin
irritation even after several hours of usage. They offer high skin compatibility and good
signal quality, which are prominent features for cardiorespiratory monitoring. A signal
acquisition circuit is designed to detect ECG signals combined with proposed dry
electrodes and a wireless monitoring device. Finally, real-time ECG signals are displayed
on a mobile phone via an Android application. These AgNRs embedded polymer
nanocomposite-based dry electrodes, in combination with the portable wireless device,
may be used in future clinical studies that require real-time and long-term ECG monitoring.
We achieved comparable performance, with significantly reduced -electrode-skin
impedance for clinical-quality ECG recording without using gels or causing discomfort

after prolonged wear.

The next work presents the special type of nanocomposites treated textiles based dry
biopotential potential electrodes that have been presented for long-term ECG monitoring.
The dry electrodes for biopotential sensing made by wearable textile electrodes are
promising candidates for long-term health monitoring in terms of comfort to overcome the
drawbacks of wet and metal electrodes. In this work, three types of textile-based electrodes
are fabricated and studied for their use as a dry electrodes for ECG monitoring. The first
textile electrode is a cotton-based textile dry electrode for ECG monitoring via the
treatment of prepared conductive ink by Poly(3,4-ethylene dioxythiophene) (PEDOT):
Poly (styrene sulfonate) (PSS) and DMSO were fabricated. The ECG is monitored by a
portable self-designed low-cost Arduino-based device and validated by a standard ECG
monitoring system. The second textile electrode, an AgNRs and PEDOT: PSS treated
Kevlar fabric, is fabricated and studied. It shows uniform and high electrical conductivity.

The electrode offers high skin compatibility and good signal quality, which are prominent
vi



features for cardiorespiratory monitoring. Third textile electrode, PEDOT: PSS coated
laser-induced graphene (LIG) Kevlar textile dry electrodes for long-term ECG monitoring.
Here the direct writing of laser-induced graphene (LIG) on a Kevlar textile were used for
the production of LIG Kevlar. This structure enables the incorporation of functions into the
textile while retaining wear comfort. The electrode as-prepared has a high electrical
conductivity and skin contact impedance of 100 + 3 kQ (at 40 Hz) to 7.9 + 3.7 kQ for
frequencies ranging from 40 Hz to 1 kHz, which is around 13% less than most conventional
Ag/AgCl wet electrodes. The results show comparable performance with significantly
lower electrode-skin impedance for clinical quality. Even after several hours of use, these
electrodes cause no skin irritation and work effectively without the need for skin
preparation. The fabrication of the PEDOT: PSS-graphene/Kevlar textile electrode is
simple and inexpensive, and it can be mass-produced without requiring any complex or

time-consuming procedures, which benefits the practical applications of this approach.

The following work describes the fabrication and study of nanomechanical properties of
nano structural materials such as AgNRs embedded polymer matrix and ZrO> thin films
using nanoindentation. Here the effect of AgNRs on the properties of the PDMS polymer
matrix was studied. The surface, mechanical and electrical properties of PDMS are
significantly changed after embedding the AgNRs in it. The results show that surface
roughness and polarity increase after AgNRs are embedded in the PDMS matrix. Elastic
modulus (E) and hardness (H) decrease with an increase in the indentation load as a result
of the indentation depth effect. Due to the strong interfacial adhesion of AgNRs embedded
in the PDMS matrix, the E and H of nanocomposite are increased by 167.6% and 93.3%
compared with PDMS film, respectively. It remains conductive during various mechanical
strains such as bending, twisting, and stretching, which is demonstrated using a light-
emitting diode circuit. Simultaneously, the antimicrobial activity of silver could make it a
promising candidate for wearable electronics. The results show that the electrically
conducting and mechanically reliable AgNRs-PDMS composite may have the potential to
be used as stretchable electrodes. Further, zirconia thin film was deposited using the e-

beam evaporation technique followed by thermal annealing to optimize the cubic phase of
vii



zirconia. This work systematically analyses the effects of annealing temperature on
different properties of zirconia film, such as structural, optical, wetting, and mechanical
properties. The results of nanoindentation demonstrate the impact of annealing temperature
on the mechanical properties of the deposited film. The hardness and elastic modulus
increased as the annealing temperature increased. The zirconia film annealed at 500°C had
the cubic phase, large grain size, highest optical transmittance, hydrophilicity, hardness,
and elastic modulus. As a result, the post-annealing temperature strongly influences the
characteristics of zirconia film, which can provide a method for tuning the optical, wetting,

and mechanical properties of the zirconia film.

In further work, the nanomechanical properties of AgNRs-coated textiles and textile epoxy
composites have been investigated. The Ag nanorods were grown on the surface of para-
aramid (Kevlar) fiber using the glancing angle deposition technique. The AgNRs increase
inter-yarn friction, which is one of the important parameters for energy absorption
applications and can be used for lightweight, soft body armor. The nanowires have a
minimal effect on the flexibility of the fabric, and the amount of extra weight added to the
fabric is negligible. Further, the effect of Ag nanorods on the mechanical characteristics of
Kevlar-epoxy composites is explored. Following that, these hybrid composites are
subjected to tensile, flexural, and low-velocity impact tests, and their performance is
directly compared to that of a basic Kevlar-epoxy composite. AgNRs-treated Kevlar
composites are shown to increase interlaminar and interfacial characteristics.

Our findings hold promise for fabricating and studying different types of nanocomposites.
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hEdIToIe Fery & o1 ar @ 31t Jrefacy gerdl T e 3 ot &l fFer
TS ST g1 Airehraifoie ey, fawsd siar gard enfAer g, Asiare | $r faggd,
gAS 3R Ti¥h fARAVAIST &H S UR o Fohel § IR T @A 3R
FAlFHTe SAaciiaied Higd 3R 3YANEN H Uh [ad H@ell gl FEELF Far
Y FIA & AT Jo Ageaqol gelfadl & 4§ v g, @99y &9 @ giaar &
ITEE GRAT e § §¢ W &1 AR TRIT Shael Aol & FHROT AT A9 &
AT Bl &l G $f BT g6 I §| FoAlFaTe G 3R a1q & Astehoil
HI THhd Feh TAU T AeAlhalfIed o gl & H ARTd-3Jhd Tgall Ay
gelaciicied & f§d # AR fhar g1 saead &1 Hdafifed Ieu-fEaE g
3R a1 AT’ & 3chse fdegd IUN & HROT, W Sioliehediioled o 3T HdR®
ama 3R 3=a arcedr ured e Y e7AaT fewrs &1 enfcas Adieafoiea fir
AT fSrse 3R FATUT Gt &l egepfad #e Schse faegd 3N Tt il
aTel TG HsFeX FATT ST Fehdl ol

$H METTT & 30T Aagaddl AR 3eAhl TAC Aal-[ATAT FASaAr F deprd
R eage Fe g o 3uder fafdest equen & fhar ST " g1
ALY W & v gidad 3arsy dae T gagar & o 2@ 3R $Hiaaes
Aethditote G 1 T 3R e AATATST w1 Hedrhe HMm|

(AgNRs) TFSS Ui fSTAUSATHFd (PDMS) Ych Solacls & ofd FHAI oh
SolFeIRISAETH (ECG) fFRET & fav Afda 3R srtage Fam a=r &1 57 AgNRs
&l Jollel & foIT T IEfad solffier vorer f3uifores fafer & 3uter fmar 3k
3eg Ush drhFIedd Gielldl PDMS ARRFH H Terss THIAT| &+ el & 39T &
STe 81, 31¢ §U Solels caal Sl RATA A6l FId & 37 AgNRs-PDMS SeleFels H 1077
Q-m T fdegd FfeRIErshar 3R 40 Hz & 1 kHz e & 3gfat & faw 93.9 +0.7
KQ® 6.2 +3.7 kQ & caar dus gfasrer g, s F i@ arRuRe Ag/Agcl 3frer
SolFeIS T oIITHIT 18% HH &

d%h 3feldl, AgNRs &I RGO-PDMS &Fuifoie Afceqq & Terss fohar smar om, St
AAlhEAIfSIE & it U H GUR Il § 3R s & &THAT Sl §1C Wl
€| 3¢ §T AgNRs TFISS RGO-PDMS Y Solehcls & 40 Hz H 1 kHz oeh 1 3Mgfaa
& faT 70.1:0.7kQ¥ 5.6+ 1.7kQ & I 3! e dreiehcl 3R caar Hueh
i giar &, ST IRURe Ag/AgClalTel Selerdls & STe] gl & ¥ FolFels Seapse
IUTEAT dTel SESN Hhdl &l ¢ AR F$ wel & 3uAer & a1g o ca=r #A FoieT Yo




qEl N g1 d ITH cadl HIAA HR ST @A UEdr Yeed W g, S
FSARRPRT AlfeRer & v wE [Avaw §1 & feae sfeger @fde
SEAad @ Soaeis AR U aRRed AlfGeRer f3asd & @y Aoy sHieh
Q9aTer T gar oo & AT B Far =r &1 39 &7, Jga-csd sdie [
US(3S U & ATETH ¥ HEBSAT Bld W USRI 8ld &1 3 AgNRs T3S
il sleilhaaliole-3TETRd 318 Soidels, icad diiold f3asd & el A, #Hiasy
F ociae WEITAT H IUAET fFU S g § e @v adfas gq g 3R
GIehlfelh SdIel TR &1 ATETSHhdT gl g1 otel &1 39ier fhe foar ar &«
HHI T YgeTal o g Igiaen der fohv {9 sigriaieh-aoradr sEsh Repifser & fow
BT & FeloreIs-cadl FIASTET & HIY §HA JolollcAh Falel giidel foha|

3T A AT JHR & sAellhedifoie 3T & MR Yo TR
SAFCIS T T & folee QEifoe SHeT PIRET & AT seqa frar mr #
Ugelel AT HUST Foldels GaNT oAU T FRAGIERITer HET & o0 JW Folaais
el 3R T gelarls T HIAGT N g7 e & [T IRH & Ty A eehlioln
Ay fAIRET & v 3FAGaRt & aer X © g1 39 d H, $Hei TREr &
fU U solecls & ®9 A 3T & AU Ao JhR & HUST-3UNRT Feleals dIR
frT S1a & 3R 39T 3eTI RAT SATAT §1 Ul UST Soldels dlell (3,4-UielleT
STEHTFAAANEA) (931C): : dlell (FTBT Heblede) (Fvavd) 3R STATHSN ganT
IR YdTghIT TATET & 3YAR & ATETH | SHIoN [@dRTel o ol Teh U TR
ST HET AFCIS § ECG I IR Teh GidaoT Ta-f8amgeT foht 910 & ol aral
Arduino- 3R f3a18d GaRT & STl § 3R Tk AT ECG IR JoTrell gart
AT H S §1 GET FUST Feleels, Kevlar #Us W AgNRs, PEDOT: PSS 3R
DMSO & a9 H1¥ IR 3R rezzer fram 98 & 3R 399 fagga araean
fe@rdar &1 sooels 3T caam FIAAAT IR e QI UG el T g, S
HITSARTERE AlfACRT & TIT T[T &. dRT TFHCIST Folarels, ofall 3aTe & SHlair
Afaeer & fow PEDOT:PSS &1¢g aoR-9Rd amhisT (LIG) Kevlar cFacse 35
Solaers| J@l LIG Kevlar & 3c9iesT & folT Kevlar aFgesd X Jol-ORd IThIeT
(LIG) & YcTe&T or@ed ol 39T fohar a1am UT| I8 TXAT Ugdal & IRTA &l dATT
WA §U a&T # Hidl il AAT HI H T&TH oAl 81 TUT-IR Folerels & 40 Hz
¥ 1 kHz e 1 3Mgfaal & faT 100 +3kQ (40 HzWR) & 7.9 3.7 kQ &1 3= fdega
AqTelehdT 3R caar due gfasrar g, fh 31fReer aRaRe Ag/AgCld oerdeT 13%
HHA gl URUMHA selieieh U & foIv HIhl HH Folecis-cadl Fidemer & @y
e vede fGard §1 w3 =t & 39T & a1g o, ¥ Solegis cadr # Sfee dar
e A § R caEr A TR f aeTEdar F oA gordy dor F FH A E




PEDOT: PSS-IMHIT / Kevlar coFTeSd Soldels &l AT Il 3R T&ar g, 3k =3
Rt off Sifea a1 gag oo arelr gfsharsit $r maegedr & foar g3 @ - W)
Scqtie fohar ST Fehell €, ST 8 EISChIVT & ATAGTRe TNl STsHieacd Il
gl

AT R el g5l T IUANT Xl gU AgNRs TaISs difelst Afeaa 3R
SReIfAAT (2r0,) Tcell oAl S Al TATcHS AHATIAT & Acifehiciehel 0T
& fAHTOT 3R eTYeT T U AT &1 TgT PDMS ageleh ATHFH & [0 X AgNRs
& THTT T ETTA haT IAT| STH AgNRs TFd8 el & &G PDMS &l Idg, JifAs
AR faegd ot & Frehr Seela AT g1 IRONA Sdid § f6 AgNRs& PDMS Afeard
# TFISS Bl & Sl Tdg GIEXTel 3N Ygdr 96 Sl §1 S5 IGS FoMad
IRUMHAESRT $5¢AeT o5 H Jeft & Y elastic AlsLerd (E) AR hardness (H)
gT ST &1 PDMS Afgard 7 TrISS AgNRs & Holqd ScIhIAAeT 3HTHSI & T,
PDMS fthed &I Jefell # HHAA: sAellepedifolc & E R HHA 167.6% 3 93.3% I
EdT &, 98 UehIer 3choish SIS Ifthe & 39ANT dlah YGRId fhar Siar &1 9
|y &, =T 1 QeMURIEd aIfafafer S8 ugell A9 Foaciivad & faU U mereis
3FACAR §T Hehell &1 IRUMA FdTd ¢ o faegd Ferelet 3R T9ad &9 & faeawsia
AgNRs-PDMS OTFFAH H TAT Solagls & ®9 H 39T fohU ST sl &7H7dT & Toholl
&1 3% 3TaTal, o faar gdell fhed FI S-dfF arsUIehiuT dahsiler &7 39T Flh
STAT TR T o, ST d1e Fgfeeh TROT Y efhidd Fel & [T Uael Teifelar
forar aram | I8 F R Wer & faffiest ol S EEeTcHS, 3iifteshd,
el 3R FIfE® Ui R AYAT & oMd 1 FARYT & @ fAAV0T Hielr g
Aeigseers & aRumA A& oA & ifFd Ui W Tl d9A & e
FefRid ad §1 Telifoler aroaAe & Jef¥ & A1 FoRdr 3R deR AE 7 Jef
gsl 500 T3l Afcwad W Tlier &1 715 SRhIfaar hewm & o =wROT, 93 grain
R, 3Tadd  3fcehd  TUYOT, gIEsIhiadc!, doRdT IR deR #AUS 2Tl
TSI, TalifoldT & §1g &1 d9A oRSIAAr fhea T AAVATST & Toar &
THITIA T 8, 51 Toentferar fhed & 3iifteeher, el 3R 1M 0N AT e e
& v ue A gge X dahar B

31ET & P H, AgNRs-HIcs cFHCSA 3R CFOcSol TAFd! FHulfole & alalldhfoiehel
U & ST B A §l Ag AARISH H R-THIAS (Kevlar) BISeR H Hag W
TATHIT TaTel TBUITSARST deheileh T 3UITIT hich 39T ITAT AT| AgNRs Ic-TTel TYOT
I TG 8, i1 Foil HAMTOT AN & T Heeaqor AUGst # & Th § 3N HeAT
3UANT gooh, A T had & AT fFar 1 Godr &1 U & JToUsd 9T AFarRRy




T TGTdH JHTT 93T §, 3R Fus # I3 a0 JfARFd aofet T AT 7907 gt
g1 3H% ITATAT, haoR-TdiedT hulfole T TifAs FATAT IR Tl AdARISH & g
HT IdT SeTAT I1AT gl S8 dIG, 31 gISios AFAHUN I deddl, 9 3R HH-deT
g GlETol & el fohar Sirar g, 3R 3 Yokl T ol Y HeT dhaor-
TqirdT AFAS & AT ST g1 AgNRs-39aTRA Kevlar &difoie & Sealf@eRrR 3R
SIBIRATS fIATAT3T &t Jo & fov @ =

gAR vy JIffee R & dAdireaifoied & @ATr 3R egga & v aer &=a
gl
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