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Ferroelectric materials BATH

Below the Curie temperate (T,) the

crystal structure distorts to
Cubic and Q o~ tetragonal structure.
Symmetrical © b Zr** or Ti** ion displaced from the
(above Curie T) @ ", Zr*t centre, creating an electric dipole.

Tetragonal and 4+
non-symmetrical
(below Curie T)

Polarization Up Folanzation Down



Polymer ferroelectrics %% BATH

polyvinylidene fluoride (PVDF)
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Daniel Zabek,* John Taylor, Emmanuel Le
Boulbar, and Chris R. Bowen* , Advanced
Adv. Energy Mater. 2015, 5, 1401891




Poling — achieving piezoelectric response ﬁK’Sfyﬁ

Dipoles are orientated within
domains.

Dipoles randomly orientated.

To achieve net polarisation
apply a high electric field at
elevated temperatures. _ _
This ‘freezes in’ the
Cool to room temperature alignment of the

(with the electric field still domains, resulting in
applied). a net polarisation.
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Converse piezoelectric effect BATH

Electric field parallel to the poling direction (polar axis) extends the material.
Electric field opposite to the polar axis results in contraction.
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Extension Contraction
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This is the actuator mode of operation.
Strains are small ~0.1-0.3%
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Direct piezoelectric effect BATH

Tensile or compressive force parallel to the poling direction (polar axis) generates a
potential difference across opposing faces.

This is the sensing/generator mode of operation.
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Direct piezoelectric effect BATH

electrode and
surface charge

I=0

electrode and
surface charge
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1. Materials development (Zabek, Roscow)
- Micropatterned surfaces
- Porous materials for harvesting

2. Materials applications (Harris, Krazny)

3. Water splitting (Adamaki, Xie)



Pyroelectric harvesting ﬁK’SII:ﬁ

Thermoelectric — harvesting
temperature gradients

Pyroelectrics — harvesting
temperature fluctuations
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Sidney Lang, Physics Today.
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Micro-patterning of PVDF BATH

+ Direct heating of pyroelectric
active material.

+ Decrease in radiative reflection.

+ Increase in surface area.
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Spin coating
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Al
Ti

2nm
200 nm
Development Wet etching
(c) followed by
electrode
deposition

(d)
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Micro-pattering PVDF BATH

Pre-poled extruded PVDF

Photolithographic process

= Physical vapour deposition of
electrode

Temperatures less than 60°C
Variable geometry/substrate
Durable electrode bonding
Up-scaleable

Pattern quality >95%




Harvesting thermal oscillations
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Temperature, closed circuit current, UNIVERSITY OF

open circuit voltage BATH

Infra-red light bulb (175 W)
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Optimum coverage BATH
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Zabek, D. Bowen, C. R. et al,. Micropatterning of flexible and free standing
polyvinylidene difluoride (PVDF) films for enhanced pyroelectric energy transformation.



Voltage up, what about capacitance? ﬁK’SII:ﬁ
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1. Porous ferroelectrics for piezoelectric harvesting
(James Roscow)

2. Porous ferroelectrics for pyroelectric harvesting (Yan
Zhang, Hunan University)



Porous ferroelectrics
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Benefits of porosity in vibration energy harvesting ? %}?\\ ﬁKffﬁ

E = - CV?
2
=ClV
¢ E - Energy
_ C - Capacitance
Q= dss. F . Q - Charge
r V — Voltage
C = A. €33 o — Stress (F/A)
t d;; charge per unit force (C/N)
, o €55 permittivity
E=i%5 442 -+

2 833 @;D=
2
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Porous ferroelectric finite element model

Generate network
model geometry

Determine random two phase
distribution (unpoled BaTiO; and air)
for given volume fraction of porosity

Apply poling voltage to
‘electroded’ surfaces

Clear model

Establish distribution
of polarised material

Characterise porous piezoceramic €33 BaTio3 ~ 1600
performance in terms of dj;, £5," and

energy harvesting FOM = 1
€33air =

Record results

Pores lead to complex electric field distribution
(contrast in permittivty)




d;5 and permittivity with porosity
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Vibration harvesting figure of merit % ﬁﬁ%ﬁ
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J. Roscow, Y.Zhang, C.R.Bowen et al., Porous ferroelectrics for energy harvesting applications,
accepted Euro. Phys. J. Special Topics.
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Benefits for porosity in pyroelectric energy harvesting ? B ATH

E =—=CV? W - thermal flux (J s' m2)
2 AT - temperature change

1 pz A At - time change
E = 5 [ . (CE)ZI [E] . (W. At)? p - pyroelectric coefficient (C m2K-1)

€33 ce - volume heat capacity (J m3 K-1)
Q - charge
, E - Energy C - Capacitance V - Voltage
Fl =P €45 - permittivity
£33-(CE)

Bowen et al. 2015. A modified figure of merit for pyroelectric
energy harvesting. Materials Letters, 138, pp. 243-246.
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Experimental: Freeze cast porous PZT BAT H
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"Modern Engineering Training Center, Hunan University, Changsha volume specific heat ©
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Porosity on pyroelectric FOMs % ﬁK’SII:ﬁ

Figures of merit, Fg/ me'3K'2, Fg'l pm3J'1
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J. Am. Ceram. Soc. DOI: 10.1111/jace.13797
Yan Zhang', Yinxiang Bao?, Dou Zhang? and Chris R. Bowen

"Modern Engineering Training Center, Hunan University, Changsha
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1. Materials development (Zabek, Roscow)
- Micropatterned surfaces
- Porous materials for harvesting

2. Materials applications (Harris, Krazny, Avent)

3. Water splitting (Adamaki, Xie)



Bistable lay-up [90/90/0/0]; Peter Harris %% BATH
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Schematic of a thermoacoustic energy harvester BATH

Andrew Avent

Hot Heat Exchanger Cold Heat Exchanger Piezo-electric
Stack Plates Transducer

Acoustic wave - Resonator
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High temperature measurement system for characterisation of piezoelectric harvesting materials

SIGNAL
GENERATOR

b Rig parameters:

High Temperature Piezo Materials Measurement System

SHAKER <

v

« temperature range: 20-1000°C

» frequency range: 1-125 kHz

+ sample's strain measurement with 16
and 24 bit resolution

ACCELEROMETER |« >

FURNACE | temp
SAMPLE ¥ strain__,,

4 » accelerometer with +/- 2G to +/- 16G
electric RESISTANCE ranges

—’
Tesponse DECADE € OSCILLOSCOPE

4

Fig. Measurement system diagram

The measurement system will be presented in the form
of a poster at International Conference on Nanotechnology
Applications in September 2016, Valencia, Spain.

NANOTEC2016

Valencia, September 26th-27th, 2016
www.nanotec2016.com

NE ME SIS

Fig. Measurement system —lab setup



High temperature harvesting @ﬁﬁ%ﬁ
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1. Materials development (Zabek, Roscow)
- Micropatterned surfaces
- Porous materials for harvesting

2. Materials applications (Peter Harris, Marcin Krazny, Andrew
Avent)

3. Water splitting (Adamaki, Xie)



Photo-electrochemical splitting BATH

(1) absorption of photon (hv>E,) O,
(3) Oxidation of H,0O
A
H,O 27| | Conduction
. separation and migration q- band
H A
I T F— H / H,

(3) Reduction of H+

V vs NHE (pH=1)

H,
» Suitable valence / conduction band positions
- Bottom CB <0V and top of VB > 1.23 V n-type GaN
E ,=3.5eV

»  GaN suitable for photo-electrochemical splitting

A.B.Murphy et al. International Journal of Hydrogen Energy (2006) 31, 1999-2017
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+ Straddle of redox potential available up to In; ;5Gag 5N

- Valence band below O,/H,O
- Conduction band above H*/H,

+ Extending solar spectrum absorption down to 550nm

P.G. Moses, C.G. Van de Walle, "Band bowing and band alignment in InGaN alloys” Appl. Phys. Lett. (2010) 96, 021908




Core-shell structure for water splitting ﬁK’Sfﬁ

Large surface area
Non defective material

Wide spectrum absorption

Metal mask Plasma etching Nanorod array

InGaN shells

GaN core
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InGaN nanorods for water splitting

02-Jul-15

Working electrode in
0.1M Na,SO,
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Pyro-water splitting BATH

* Pyroelectric energy harvesting

» Temperature fluctuation

| +/-04°C > +/-2V
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