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INTRODUCTION

OBJECTIVES

1. Synthesis of PMN-PT Ceramic

2. Fabrication of PMN-PT/PDMS Composite

RESULTS AND DISCUSSIONS

Ç PMN-0.30PT piezoelectric ceramic without pyrochlore phase wassynthesized using 

solid-state reaction method.

Ç 3 vol% PMN-PT/PDMS flexible composite was fabricated with uniform distribution of 

the ceramic particles.

Ç The output voltage and current generated by 3 vol% PMN-PT/PDMS composite are 

found to be, 3.2 V and 42nA respectively that is well comparable to the generated 

output of other piezoelectric devices. 

Ç PMN-PT/PDMSpiezoelectric-polymer composite has the combine advantages of 

ceramic (piezoelectric) as well as the polymer (flexibility), and thus can be applied in 

mechanical energy harvesting in automobiles.

Energy Harvesting Performance
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Microstructural analysis 

a) SEM image of PMN-PT sintered pellet (b) SEM micrograph of PMN-PT particles (c) Particle size distribution 

of PMN-PT particles (d) Optical micrograph of PMN-0.3PT/PDMS composite at 1000X

Ç Phasepure PMN-PT (ICSD 155862) corresponding to monoclinic(Space group: c1m1) 

phase 

Ç No trace of pyrochlore phase

ÅDense microstructure with few pores in PMN-PT pellet

ÅParticle size: 4.35 ± 1.57 µm

ÅUniform distribution of the ceramic particles in the PDMS polymer matrix

Phase analysis

EXPERIMENTAL PROCEDURE

Mechanical characterization (Tensile testing)

CONCLUSIONS

Ç Automobilesare dynamic sourceof mechanical

energy:

Ç Vibration of enginevis-à-vis the entire auto-

body

Ç Frictionallossesand

Ç Cyclic loading and the resulting elastic

deformationof thetires

Ç By scavengingtheseunusedmechanicalenergy,

usingtheprinciplesof piezoelectricity1, onecan

Ç Power thestand-alonewirelesssensors2

Ç Chargethecarbattery3

Ç Elastic modulus increases with increasing PMN-PT content in the PDMS polymer

Ç With increasing PMN-PT content,flexibility of the composites decreases. 

Ç Flexible materials need to be compliant (small elastic modulus) and strong (high yield 

strength).

Ç Flexibility figure of merit (fFoM) is given by 5,

Material designing is done based on figure-of-merit (FoM) analysis 
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ÇFigure confirmed that the experimental values are comparable 

with the calculated theoretical values

ÇExpression for the permittivity of the composites based 

on Yamada model4,

Ç To developa PMN-PT/PDMSpiezoelectricceramic-polymercomposite

Ç To fabricate an energy-harvesting device that can harvest energy from the elastic

deformationof movingautomobiles

Dielectric measurement

Output PMN-PT PDMS PMN-PT/PDMS

Maximum Current (Avg.Current) 
(nA) 

201 (175) 7.5 (5.3) 51 (42)

Maximum voltage (Avg. voltage) 
(V)

11.8 (9.5) 3.15 (2.89) 3.5 (3.2)

Size: 20 mm Ĭ20 mm

Ç Ceramic: PMN-PT (0.7Pb(Mg1/3Nb2/3O3)-0.3PbTiO3 )

Ç Polymer: PDMS (Polydimethylsiloxane)

4 T. Yamada, T. Ueda, and T. Kitayama�U���^�W�]���Ì�}���o�����š�Œ�]���]�š�Ç���}�(�������Z�]�P�Z-���}�v�š���v�š���o���������Ì�]�Œ���}�v���š�����š�]�š���v���š���l�‰�}�o�Ç�u���Œ�����}�u�‰�}�•�]�š���U�_��J. Appl. Phys., 
vol. 53, no. 6, pp. 4328�t4332, 1982, doi: 10.1063/1.331211.
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