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ABSTRACT

In recent years, the demand for renewable energy has surged in the research community, driven
by the necessity to power portable electronic devices sustainably and mitigate the
environmental impact of fossil fuels. Mechanical vibrations offer a promising energy source
for harvesting, leading to the emergence of nanogenerators. These devices, utilizing
piezoelectricity and triboelectricity, convert mechanical energy from various sources into
electricity. The present thesis focuses on enhancing the efficiencies of the nanogenerators by
employing flexible polymer nanocomposites in both piezoelectric nanogenerators (PENGs)
and triboelectric nanogenerators (TENGs) by tuning the material properties and external
perturbations.

In order to investigate how internal material properties affect the electrical performance of
Polyvinylidene Fluoride (PVDF) nanocomposite-based piezoelectric nanogenerators,
simulations of PENG outputs have been carried out by finite elemental method (FEM) using
COMSOL MULTIPHYSICS 5.5. The electrical outputs were simulated by adjusting
parameters such as the piezoelectric coefficient (d33) and dielectric constant (¢,). The open-
circuit voltage is found to be influenced by both ds3; and ¢, with the voltage increasing
proportionally to ds; but decreasing inversely to .. On the other hand, the short-circuit current
is only influenced by d3;3, increasing directly with it. Thus, optimizing the balance between
these parameters is crucial for maximizing output. Experimental verification is performed
using fabricated PVDF/NiO nanocomposite-based PENGs, showing close agreement between
experimental and simulated results.

Further, magnetic cobalt ferrite (CoFe2O4) nanoparticles have been incorporated into the PVDF
matrix for fabricating PENGs to improve the piezoelectric performances and investigate the

influence of an external magnetic field on electrical performance. PENGs are fabricated using



5wt% and 10wt% CoFe2O4 nanoparticles in the PVDF matrix alongside pure PVDF for
comparison. The PENG with 5wt% CoFe;Os nanoparticles demonstrates the highest
performance, with short-circuit currents and open-circuit voltages increasing by 1.5 times and
1.8 times, respectively, compared to pure PVDF. Under varying strengths of external magnetic
fields (0 to 2.1 kGauss), short-circuit currents increase for both PVDF-5wt% CoFe;O4 and
PVDF-10wt% CoFe,O4 PENGs. However, open-circuit voltage remains constant. Additionally,
analysis of power density under different external loads reveals higher maximum power density
with a lower external load in the presence of a 2.1 kGauss magnetic field, attributed to reduced
internal resistance due to the alignment of magnetic dipoles induced by the field, which resulted
in the enhanced performance.

In the next step, PVDF-based triboelectric nanogenerators have been fabricated to explore
another mechanical energy harvesting technique and investigate the impact of ambient
temperature on the TENG outputs to improve their efficiency. A homemade setup is designed
to control the TENG's surrounding temperature, where the measurements are conducted at
various temperatures (33°C, 35°C, 38°C, 41°C, 56°C, 70°C, and 84°C), revealing that both
open-circuit voltages and short-circuit currents increase up to 41°C before declining with
further temperature rise. The open-circuit voltage is found to increase from 6.2 V to 20 V with
the increase in the ambient temperature up to 41°C, where an 11 times enhancement in the
output power density of the TENG has been achieved at 41°C as compared to room temperature
(33°C). Dielectric analysis shows that PVDF's relative permittivity increases with temperature,
yet conductivity also rises, leading to surface charge loss. Beyond 41°C, the dominant effect
shifts from dielectricity to conductivity, resulting in decreased electrical outputs due to reduced
surface charges at higher temperatures, supported by transferred charge measurements.

Furthermore, it explores the impact of fillers by incorporating CdS nanofillers into the PVDF
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matrix, which boosts relative permittivity through interfacial polarizations, consequently
enhancing electrical outputs compared to bare PVDF-based TENGs.

Finally, structural modification of the electronegative layers has been carried out to improve
the electrical outputs of the TENGs by reducing the loss of surface charges and maximizing
the surface charge generations during contact electrifications. The design involves double layer
nanocomposite polymers: a bottom layer of PDMS incorporated with sodium niobate
(NaNbO3) nanoparticles and a top layer composed of a PVDF and MXene TizCoTx
nanoparticles composite. Electrical measurements were conducted on TENGs with four
different layer configurations: bare PVDF, PVDF/PDMS, PVDF/PDMS-15wt% NaNbOs3
nanocomposite  (P/15NP), and (PVDF-15wt% TizC.Tx)/(PDMS-15wt%  NaNbO3)
nanocomposite (15MP/15NP). The 15MP/15NP-based TENG exhibited remarkable
performance improvements, achieving an enhancement of 1.9 times in open-circuit voltage, 2
times in short-circuit current, and 1.7 times in transferred charges compared to bare PVDF-
based TENGs. 5.8 times increase in power density is observed in the 15MP/ISNP
configuration. Surface potential characterizations using KPFM revealed a reduction in surface
potential with the addition of fillers, leading to an increased work function that aids charge
transfer during contact electrification. The high dielectricity of NaNbO3 improves internal
polarization and reduces charge loss, while the high electronegativity of MXene facilitates
charge transfer during contact electrification, thus enhancing the overall performance of the

TENGsS.
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BT & U H, TABRONG SHoll B AR MY THEE H ool T §¢1 5, Sl 981 Faae e
JUSRUI 1 TEHTS 71 W Foll UGH B 3R SaTH S8 & UITaRuNd YHTd Bl HH B
B SHITRgHAT ¥ URd g1 i HU= SHoll Fau & T e FHIfad Hid UGH &l s,
O AFIoFReR! &1 325d g3 g1 T IUSRUT Uisiisafaeiice! 3R CEagdiaeRc! &l
JURT FRep AT Hidl & i Soll ! faggd SHoif # giRafdd HRd § | Tgd e Taiy
A fieiigafde® THIoReR (PENGs) 3R SlZaIgdiaed A-oiiex (TENGs) H adia Uife R
G BT START HRh ! G&fdl dgMH UR & dhiad fobar T g, foras arft &
o7 SR STEdt UHTG Y THATT fpar T B

Ul WIRIES (PVDF) s ulfere-3numRd disizdfiaee A-e-ve’! & faggd
UG WR 3R IrERf 01 & TUTd &I S B & flT COMSOL MULTIPHYSICS 5.5
B YN B T dd g fafd (FEM) §RT PENG & IcTG T IR0 b a7 g |
ieligafaed oM (ds5) 3R SRATacd [RRRI® (¢,) S AIUCS] &I FHIIST ®Rdb fdggd
I DI SIHUT [hT TT| TR T b 3NuA-Afdhe aieed d;; & 1Y WY Srard |
SedT 2, A er b AU U & T 81 oY 3R, E-Tfhe Be Had ds; J UHTA
BT B, S $Heb WY Y Tl 5 | THIY, T AUCS] b &<l e SFIBIerd bRl SUTGH
DI HAGTH HI & T TZAYU! §1 PVDF/NIO "I UITSIe- TR PENGs &1 SR

B [T T YN TeTa = SHRUT 3R YARTIES RO & aiid fAdedT &I gt

|
3% 3fafaT, Uisiisdfdes TR & GUR & oY pvDF Afeed # fdifcsd dlamee tRige
(CoFe;04) AT &1 RMTAT T 7T & 3R ST6X! a9 &7 &1 fdggd UekH IR yu|
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ST T & | T & foTT 5wit% 3R 10wt% CoFe;O4 410N o W1 PVDF Afca H PENGs
ST U § | 5wi% CoFe,04 A1 UN alel PENG = oy 3iws1 U&= fosan, forgs =ifé-afdbe
FRC IR NTA-Afhe dleest HHR: Y& PVDF HI a1 | 1.5 AT 3R 1.8 AT d¢ | T80
JaBH1T &7 $I fafta aebdl (0 F 2.1 kGauss) & T8, PVDF-5wt% CoFe,04 AR PVDF-
10wt% CoFe,04 PENGs & folE Riic-Hfdhe e d¢, Afd 3u--gfdhe dicesl R T
q1e<l die WR faftre ufRkfRyferdt o =ifdk g & fa=elwor & udl 9all foh 2.1 kGauss oD
&7 @) IufUfa & F1 T8 dis & 1Y Iay Ufdd g9 U gs, S e & gRI
ORd gap i fgydl & W@ & HRUT SARS TRl H B & RO Y&=H § gl & forg
SR B

AT TRUI H, U 3= A Sroll ST qdb-11dh BT Udl T 3R TENGs BI G&rdl & JUR
& forg ufkasr & AUAM & UHTd &1 i 8 PVDF-3MUTRA CrRaIsaiaed A-ome] &I
fTor a1 AT 51 TR & S Sl DI TENG & U & dgHH i Ffd a3 & forg
wyiferd foban T, S8t faftrs aruEm! (33°C, 35°C, 38°C, 41°C, 56°C, 70°C, 3R 84°C) TR
A1Y T 1T | TRy, g T b 41°C T T Sliu-Fihe dlees 3IR Qe-dfhe
e 9gd &, Ao 3P alg dIIHH H 9fg & 1Y J U T § | 3Nu--fdhe dieed 6.2

V ¥ g 20 V B T, ORI aradM 41°C I 611 URARI & dT9qM (33°C) & a1 d

41°C TR TENG &1 ITG JMfad g9 H 11 T[T I Ul &1 715 | SAAaed [a=eiooT 3 gl

Tl fob ATUHM & F1Y PVDF & &l IR 9¢dl §, bR i =rdiedn +f 9¢ Wit @,
fORTY g smaw &1 g1 gt 81 41°C & &1E, TG WHTE TTadhdl § MR 81 Sl &,

o\ o

o g U

RIFTAR 3MTaRT A § GHA U §3fT| 9% 3(aTdl, PVDF Afead # ¢ds AHifther &l

U 3o dTIHH IR g ST H S & HRUT faggd Sdme ged &, o




MHA FRA & THTE DI T B 15, ORI SIREB D =0l & HIeqH § JTue TR
# 3 g3, 3R 39 USHR faggd SdTe H Y& PVDF-STYTRT TENGs ®1 o 8 3ig g3 |
3id ¥, TENGs & faggd SdTe &I 98k S & e faggdidRul & SR Idg SITa=T &1
BT B HH B SR T8 S ST HRA DI SHAHTH I3 & oTe faggd Honets uRdl
BT UITHSD HRNY fob1 711 8 | §Tae H Gl R b Ulfeie GiferR 2fiel 8: PDMS
&1 T e WR e Qifsas Agsiiee (NaNbos) A6 AT § iR ue i @R
fSRIH PVDF 3R MXene TisCoTy AHIpUl SUIfSie Tfdel 81 TR fafte wRd fa=amr9 arel

TENGs WR fdggd A1 f&hU U g PVDF, PVDF/PDMS, PVDF/PDMS-15wt% NaNbO;
ATHUIRTE (P/15NP), 3R (PVDE-15wt% TisCoTy)/(PDMS-15wt% NaNbO3) Sl
(15MP/15NP)| 15MP/15NP-3THTRA TENG A I@E-1T UaR- R g o, foras
3-gfdhe deest H 1.9 T[T, WE-Hidhe e | 2 7T, iR RIFARd smaxr § 1.7 1 IS
g5 | & PVDF-STUTRT TENGs &1 ga-1 H fad O H 5.8 7T gf <l T8 | KPFM &l
JUGNT b Fclg YHIAd fazeiwor 3 faamar fob fioerd o aifciRed & Hag Fuifad H H
31s, o &1 e  gfg g3 Sl YU faggdianstl & SR STAX R0l & UeHH
21 NaNbO; B1 3= URTTHIAT 7 3idRep Ydiepur & uR faar 3R 3maw g1+ &1 o d o,
S MXene @1 3 faggd BUTEEHAT 7 WU fAGGNHIUN b SR HATA GIATTRUT B

Y ST, R TENGs & §d UGRIH | JUR go|
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