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Context/Introduction Interest of ferroelectrics

PVDF-based polymers2 PVDF-TrFE/BiFeO3 composites3

Vibrations

heat

light

Available energy in the environment Power generation and consumption1

• Wind
• Water flows
• Body heat
• Exhaust heat and vibrations

• Light
• Human movements
• Human and animal heat

A lot of free energy is available in the environment:
Energy consumption of sensors and small actuators are 
now in the same range as the energy available through 
energy harvesting methods.

Mechanical energy
Piezoelectricity ~µW/m3

Triboelectricity
Flexoelecticity

Electromagnetic energy

Thermal energy
Pyroelectricity ~nW/m3

Thermoelectricity

Radiative energy
Photovoltaic ~mW/m²
Photochemistry

Energy conversion methods

Piezoelectric response

Triboelectric response

Temperature dependence of polarization

Triboelectrically induced 
signal excited in contact-

separation mode.
Work in progress

• We have identified at least three ways we can use sequentially or
simultaneously to harvest energy with ferroelectrics:
piezoelectricity, pyroelectricity and triboelectricity.

• We have fabricated various systems (PVDF-based polymers, oxide-
polymer-based composites, etc.) and studied their functional
properties.

Pyroelectric response

Pyroelectric response to a thermal fluctuations

Polymer 
-CH2-CF2- (PVDF)

Notation VDF (wt %) TrFE (wt %) CFE (wt %)

80/20 79.6 20.4 /

75/25 75.1 24.9 /

70/30 70 30 /

55/45 54.5 45.5 /

CFE 64.6 26.2 9.2

Compositions

Structure and microstructure

X-Ray Diffraction Raman Spectroscopy

1µm

Piezoelectricity

Pyroelectricity

Triboelectricity

Deformation ΔP Electric charges

ΔT ΔP Electric charges

Contact/separation of different surfaces 
induces charges

Scanning Electron Microscopy

Piezoelectric response

Pyroelectric response

Ferroelectrics

Poly(VinyliDene Fluoride): PVDF
TriFluoroEthylene: TrFE
1,1-ChloroFluoroEthylene: CFE


