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Abstract
The recent times have witnessed an upsurge in growth of smart materials that can perform
multiple functions within a single system. These materials can sense and respond to their
environment, thereby making them indispensable for next generation technologies. There is a
rising demand to probe further into the design of these materials particularly meant for sensing
and actuation. Among many types of smart materials like electroactive polymers,
magnetostrictive materials, self-healing systems, there are two interesting categories, i.e.,
combination of shape memory and piezoelectric materials which may be very useful for sensing
and actuation. Their ability to respond to external stimuli surpasses them for exciting future

applications.

The thesis deals with development of shape memory-coupled-piezoelectric nanocomposites,
which was accomplished by (i) combining shape memory and piezoelectric polymer and (ii)
combining shape memory polymer and piezoelectric filler. Therefore, by these two approaches,
we can clearly distinguish the synergism between polymer-polymer and polymer-filler system.
Initially, blends of polyurethane and PVDF was processed by melt extrusion to prepare
filaments possessing higher relative piezoelectric § phase of 66 %. The alignment of polymer
chains along the fibre axis during melt extrusion resulted in the transformation of a to 8
transformation of PVDF without additional stretching and poling. The open-circuit voltage and
short-circuit current was 280 mV and 0.154 pA, respectively for the blends. The addition of
optimum r-GO promoted a phase and increased conductivity leading to an open circuit voltage
of 349 mV and short-circuit current of 0.257 pA. The strain recovery value of 100% and fixity
of 43% was observed at 50/50 PU-PVDF blends, whereas recovery of 100% and fixity of 46%
was observed for PU/PVDF-0.3% rGO nanocomposite blends. The crystallinity and
morphology of piezoelectric fillers plays an important role in tuning electromechanical and
piezoelectric properties of the nanocomposites. Therefore, ZnSnO3(ZT) was chosen as the self-
poled piezoelectric filler whose crystallinity was tuned primarily through varying concentration
of NaOH and morphology was controlled through concentration of capping agent along with
physical and chemical parameters. Lower mineralizer concentration promoted different
polycrystalline species like SnO> and Zn,SnO4 exhibiting nanoparticle morphologies. Higher
mineralizer concentration promoted the formation of face centred cubic zinc hydroxystannate
phase, exhibiting ideal ferroelectric behaviour and promising piezoelectric behaviour. Further,
tuning ((Zn** or Sn*") / urea) (m) promoted formation of high aspect ratio nanorods having

aspect ratio of ~7.95 + 2.55 at a fixed mineralizer concentration, fill volume, temperature and
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time of the reaction. The thorough and systematic study was conducted to study the effect of
physical and chemical parameters to obtain one step ZT nanorods. The nanorods synthesized
at different m ratios were tested for ferroelectric, dielectric and piezoelectric properties. The
high aspect nanorods had remnant polarization of 0.11 uC/cm?, lossy ferroelectric behaviour

and showed effective piezoelectric coefficient of 0.20 pm/V.

In the next part of the research, the ZT nanocubes synthesized using 0.25 M mineralizer and
high aspect nanorods synthesized using m= 0.04 were used as the piezoelectric filler in SMPU
matrix for the preparation of nanocomposites in the form of solvent cast films, melt spun fibres
and electrospun nanofibres. The solvent cast nanocomposite films were prepared by using ZT
nanocubes. The highest dielectric constant of 5.039 was shown by SMPU-5%ZT among all
samples. PZ-5 displayed strain fixity of 88.89 % and strain recovery of 87.5 % at the end of 1st
cycle due to the presence of filler, which further enhanced to 100% at the end of 2nd and 3rd
cycle. PZ-5 shown highest peak-to-peak open-circuit voltage of 3.26 V, short-circuit current of
1.13 pA, charge measured in shielded and unshielded mode was 0.26 nC and 2.2 nC, and
power density of ~2.12 mW/m?at 8.2 MQ. The output of nanogenerator was used for charging
a capacitor and lighting up an LED. The shape customized PZ-5 displayed potential
applications as touch sensor and temperature sensors. The melt spun SMPU/ZT nanocomposite
filaments were fabricated by employing ZT nanorods. It displayed open-circuit voltage and
short-circuit current of ~3.69 V and ~0.52 pA), power density of 1.16 mW/m? at load resistance
of 10 MQ. The generated voltage was used to power LED, thereby indicating its practical real-
life implementations. The shape memory behaviour of PZ-0.75 showed 100 % strain fixity and
strain recovery at the end of 3™ cycle of repeated training of loading and unloading cycles. The
multifunctional woven fabric made of PZ-0.75 was used to monitor wrist movements. The
structure-property relationship of ZT nanocubes and nanorods was studied in electrospinning
process. The interesting thermal transitions were observed for addition of fillers in SMPU
matrix. The highest piezoelectric output was observed at 1% concentration of nanorods (peak-
to-peak open-circuit voltage of ~ 2.20 V, short-circuit current of ~ 1.31 pA, power density of
2.6 mW/m? at 1 MQ load resistance) and nanocubes (peak-to-peak open-circuit voltage of ~1.4
V, short-circuit current of ~1.25 pA, power density of ~1.2 mW/m? at 680 kQ) in SMPU
nanofibres. It showed promising real-life applications as multifunctional material responding
to different flex movements of a finger and tracking repeated respiratory movements. It showed
promising shape memory behaviour. Therefore, the developed multifunctional nanocomposites

are promising in the field of sensors, actuators and energy harvesters.
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