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ABSTRACT

Triboelectric Nanogenerators (TENGs) are a cutting-edge technology that converts am-
bient mechanical energy into electrical energy, with enormous potential to use in self-
powered gadgets, wearable electronics, and sustainable energy systems. Although sig-
nificant progress has been achieved, issues remain in increasing energy conversion ef-
ficiency, durability, scalability for real-world applications. Further issues pertaining to
efficiency and figure of merit is still not well structured in the existing literature. Hence,
reporting the efficiency and the performance of TENG in majority of the cases are mis-
leading. This thesis addresses the above issues by focussing on the design and manufac-
ture of high-performance TENGs employing advanced nanostructured materials (both
polymers and semiconductors), optimised surface engineering methods, using in house-

built testing equipment.

The thesis is divided into three major components. The first component comprised
of two sections. The first section focusses on the design and development of a horizon-
tal contact-separation mode triboelectric nanogenerator (HCS-TENG), in which all input
parameters (such as applied force, motor speed, tribo-plate separation, and operating
frequency) were considered for performance evaluation and shed light on the efficiency
and figure of merit of the proposed devices. The second section deals with the design,
construction, and optimisation of a sliding contact photovoltaic triboelectric nanogen-
erator (SC-PTENG), an equipment that generates energy from mechanical friction and

as well as in tandem external light.

The second component of the thesis to explore the opportunities to use polymer ma-
terials for the TENG applications for wearable devices. Using electrospun polyacryloni-
trile (PAN) doped with multiwall carbon nanotube (MWCNT), to facilitate charge trans-
fer, stacked in various combination of layers the triboelectric performance was investi-
gated. Except PAN, inorganic polymer such as polydimethylsiloxane (PDMS) has been

also explored for the above applications targeting flexible devices. Both polymers showed



significant increases in energy conversion efficiency and electrical output performance.
Conductive fillers, such as MAX phase was used to improve overall electrical perfor-

mance in PDMS.

The third component explores the synergistic effect of both tribo and photo voltaic
effect in energy harvesting in two semiconductor (GaAs and Si p-n junction) and semi-
conductor metal junction (GaAs and Si with Cu/Al). A thorough examination of semicon-
ductor bandgaps reveals the possibility for tailored nanostructures to increase TENG
performance, indicating a possible route towards more efficient and sustainable energy

harvesting systems.

Keywords: Triboelectric Nanogenerator, energy harvesting, Polyacrylonitrile, Multi-
wall Carbon Nanotube, Polydimethylsiloxane, MAX phase, Semiconductors, Self-Powered

Wearable systems, Tactile sensing.
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IR

ZTEaigAfaRe AoReR (SETST) Uah Srangfeh dar-iah & St uRkasfta aifies it il faega e
# gRafda st 8, e w@-ganferd fste, g aiva geierie 3Rk fearrs St uonferat & gt
Y WY e gt 81 geft Agaygul uifa g1fle i 718 8, arafdes gfaar & srguanT & forg et
FUIARUT G&1dT, RATRIE, Whatfafeldl g™ # TARITE o+ g5 &1 G&rdr 3R ahadT & siiche & dafdd
=g ge, oY oft Hicper wfgcw & ot avg @ TR =18l &1 safony, sifdremisr Amed § TENG &Y
geTdT 3R Tesf= it Rule o e €1 g N8 I7d AeRiha amfat (aifermr SR srefarers
aH), srgford Tag gehifAafi fafde, eR-fAffa uderor Iuason &1 IuaT e I=a vesf aret
EEuSH o fEaimea oiR FAafor iR eare dhfsd sech SURlad qe| ot At et 81

AT ot 7 U@ gl § afda fhar T 81 ugdt ged # & @e wfad 3| ugen €8
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R higd g, fOad @ 3aqe HIudel (WY AN 91, HieR Tfd, ZI8el-Wle guerhor 3R SifaRfdr
JMgY) IR AR foRaT T a1 R Hedich SR URaTfad IR hY gerdT SfiR alar & Siichs R
TSI ST | TORT TS Teh TATSIST U Whieldifeeh glgaigaiaeeh Amteiaiex (Tef-fhdgyst)
o feairg, fAmfor o srgeer @ Heifdd €, Ten Iuchzur it Tifeh aefor 7R STt Uehrsr & Self Iaa
AT Bl

Y T ZIRT e U TN IUGRRUM o felg TENG ot & forg diferar amft a1 Iuahr
A h STETR] T UdT AT 8 | TTST S <hl Jfae o foly, Aeciarel shreie A-ied (THSsg@IIAdT)
o 1Y 1Y fohy 71T S IRy UTelIQfehaiierget () 3T SUTRT hech, TRl o faf o Saterl 3 o
I ZTEdIE Ao UGl Y ST i S| O it Bieh, el IUHRUT it Al e dTet JURI
Syt & forg dienifefmrumgarictet (dEtgaed) S sreprefAe difer R a1 Hff gdT emam i g1
G diferR 3 it TuiaRor gerdn ok faed Sare ues # Iy gy femard | didgauy
Ty fae[d UesiH dt dgaR S o oy T TRUT SIY TaTgehid +IR1d hT IUFNT fohalT 71T o7 |

JrRT ge &t srefarea ( GaAs 3R Si p-n SierM) 3R srefareren U1g Sia/™ (Cu/Al & a1y
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g1 YHicheder Iy &l 78 g ¥ TENG UesiH &l IgM & forg & A-iRgerar &t Somaqr
T UdT IAdT &, ST 31k gparet 3R Rehras Sorf Taa= gonferat & fe=m & ges denfaa Ant o ddhd
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