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g OF of .resea.‘r(‘h .work to establish simple,
lean an (;nerg}»-efﬁment vibration-harvesting devices using
piezoelectric materials. These piezoelectric substances
are generally classified into piezoelectric ceramics and
pfezoelectric polymers. This review article discusses various
piezoelectric materials and reviews some important device
configurations for piezo-electric energy harvesters.
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1 Introduction

is a technique of extr
ntal energy sources such as ambient
of biological systerns. The various
environmental energy sources which are usable for harvesting
small amount of energy for portable devices are ambient
radio frequency, ambient light (artificial and natural light
for phot,ovolta.ics), mechanical SOUIces and thermal sources.
Energy harvesting is also called as power harvesting or energy
scavenging. With current i art systems such as
wireless sensors et the need for portable devices and wireless
sensors 18 growing rapidly. Since these devices are
it is desirable that they are gelf-powered. Currently, in most
d by batteries.

cases the portable smart systems are powere :
Batteries are gen esirable because of the need for
escarch

erally und
recharging or replacement. Therefore, considerable r
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Microscale energy harvesting t
most of these devices

substitute for the conventional bat
on mechanical vibrations. In addition, :
lack the energy source to be able to operate both m'dc‘>ors
and outdoors, largely unaffected by ambient oc.)ndzt}ons
of temperature and humidity- In this regard, vibrations
associated with the body motions become attractive energy
options for self-powering small electronic devices.

There are diverse mechanisms to convert mechanical

energy from vibrating or moving objects into electricity

needed by electronic devices, which include electromagnetic
induction, clectrostatic storage, and piezoelectric generation.
Compared to electrostatic and electromagnetic methods,
energy collection with piezoelectric materials provides
relatively higher energy efficiency, and most importantly,
better flexibility in portable electronic systems. Since
piezoelectric material can change mechanical vibrations into
electricity with very elementary structures, piezoelectric
power conversions for portable systems such as wireless sensor
networks are significant [1,2]. Further, while electromagnetic
(EM) generators are suitable for generating energy at
high frequencies, piezoelectric harvesters can give better
paformance than electromagnetic generators at relatively
low frequencies. In addition, the volume occupied by the
piezoelectric harvester is smaller than that of the EM
generators for a given power density. Hence, piezoelectric
transformation is a superior choice to yield energy at
frequencies in the range 100-1000 Hz.

Piezoelectricity represents generation of charge or voltage
ezoelectric material with the application of pressure.

in a pi
e is applied, then a time

When a time alternating pressur
varying voltage will be generated at the two opposite

surfaces of the piezoelectric material. Certain crystalline
materials like tourmaline, quartz, Rochelle salt, and barium
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Abstract

‘S_:gzl:sg anl(il ‘i_f’tGCtiOI{ oi: ethanol is essential for a
el applications “v'.hl('.h include production of ethanol,
el processing, chemical processing in industry, traffic
management and societal applications. The advancement
of na.noted'n%ologv has created huge potential to develop
highly sensitive, portable, low cost sensors with low power
consumption. A large number of materials and processes
have been studied for the development of ethanol sensors.
The large surface-to-volume ratio of nanostructures and
nanomaterials is ideal for the adsorption of ethanol
molecules. The advent of carbon nanotubes (CNTs) in
particular, has advanced the development of gas sensors
that exploit unique morphology, geometry, and material
properties of CNTs. This review article focuses on
the various methods and techniques used and various
fabrication technologies involved in the development of
ethanol sensors, and also reviews various performance

characteristics of the sensors.
Keywords:- Ethanol sensors, selectivity, sensitivity,
bismuth ferrite, redox reaction, thin films, nanostructures.

1 Introduction

Harmful gases are generated by industries and numerous
other sources, rapidly deteriorates the environment; this
leads not only to various health issues of humans, but also
causes unnatural weather changes, environmental changes
and ozone depletion|1].Hence, there is an urgent need
for the detection of toxic and harmful gases. During
the last few years, the demand for portable gas sensors
has increased tremendously to detect the gases generated
by industries, automobiles and environmental pollutants,
etc. Therefore, there is a requirement for the development,
of cfficient sensors having better sensitivity, selectivity,
stability and a lower operating temperature.

Among the R & D efforts in the area of vapour sensors
during the last few years, the work in the area of ethanol
sensors has become extremely important.  Ethanol
vapour sensors with high selectivity and sensitivity have
important applications as a device in traffic management,
controlling the process of fermentation, food package
testing for safety, wine making and medical applications.
Ethanol is extensively used in liquors, scientific and

industrial sectors.
i quch as Zn0O, Sn02[2 -
The oxides of se : suc Bl
4] Fea03[5),Cu0 — Sn0O2 [5), and others have . eel
: omical sensor for hazardous,

generally utilized as an ecor ; e
toxic and flammable vapours and gases 1n gecurity an

automotive applications.

miconductors

interesting physical properties of perovskite
a ABO; have generated
have found applications
[6-8]- Among the

The
maferials with the formul

enormous attention, and
in several technological arcas ) :
perovskites, BiFeO3 (BFO) is gaining prominence
since it shows multiferroic properties simultaneously
exhibits ferroelectric and ferromagnetic ordering [9-
10). The sensor which is operating at room temperature
is reported by Palkar et al.[11],who have demonstrated
the performance of high resistivity thin films of BiFeO3
as an ethanol sensor at room temperature. This paper
reviews materials, methods and detection techniques for
ethanol sensing, fabrication techniques such as growth of
thin films, sensor development and evaluation of their
performance measures such as sensitivity, selectivity,
response and recovery time.

2 Materials for Ethanol Sensor

There are varieties of materials used for detection of
ethanol in the last few years. Most important materials
used are: ZnO, Al2Os, Multiwalled Carbon Nano Tube
(I\/IW_CNT)-doped Zn0, Indium Zinc Oxide, polyaniline
(PANi) with MWCNT, magnesium ferrite, CdIn,O.
na.nopax.ticles, vanadium pentoxide, SnO-z, Sh doz;be(:
;S"nO?,TlOg-fioped SnO», mesoporous an - SnO

1tan1}11n omr:le, LaFeO3, bismuth ferrite and bari 2
substituted bismuth ferrite. P

o dzgzdcihznol ;.gas.detec‘tmg properties for thick flims
o o [5i n S;;::\:nmglc.i lcl)tx}dest:r;xe investigated by Patil
A - S Ing techniques was utili

Z:}c(:lparrneictrhett'lnck films of pure ZnQ. The effect (t)lfl Lzzd' e
vl ostructure .of the film on the gas res s
t(,, s 6\{, response time and recovery time whe A

vapours were studied and ;liscussed ;eXP%S@g

. Pure Zn
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im;»?rica;r:er;:};c&onl of CO; has become a subject of great
" o e ast.few decades. This is fundamentally
\ecausev -y ’a12 a notorious green hous.e gas released both
A cial and natural processes. This review highlights
current status and future directions in the electroreduction
of CO, into sustainable production of useful fuels. The
current trends in understanding of CO» reduction process
and the pathways through which various products are
_formed are discussed. Electro Catalysts play a very
important role in the CO» reduction process to generate
low-carbon fuels, including CO, HCOOH;/HCOO~, CH;0,
H2C204,.-"HC204—, CQH;, CH4—, CH';OH, CHgCH)OH and
others. The electro-catalysts can be classified into several
types, which include metals, metal oxides, metal alloys,
metal complexes, polymers/organic molecules, and others.
The vital characteristics of electro-catalysts which include
product selectivity, activity, Faradaic efficiency and catalytic
stability have been discussed in detail. The experimental
evidence available so far indicates copper is the best catalyst
for electroreduction of CO2 into hydrocarbons. In particular,
developments showing high selectivity and faradaic
of ethanol in oxygen derived copper
ported on

recent

efficiency for generation
nanoparticles as well as copper nanoparticles sup

carbon nano-spikes are extremely interesting. The review
also presents basic aspects of electrochemical cell for the
electroreduction of CO,. Finally, the demonstration of
feasibility of a two step C'0, conversion into liquid fuels and
the challenges in developing highly active and stable electro-
catalysts for reduction of CO, are discussed, indicating
direc;;ions for future research and development in this very

important area.

CO, conversion, CO2 reduction, Copper,
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1 Introduction

on of carbon dioxide (CO2) i1'1to
useful chemicals has attracted many researchers worldwide
ainable low temperature

for decades as it can enable a sust iy
redox cycle for energy conversion and storage [1, 2. While
CO, is an essential substance for the growth of all plants
and for numerous industrial processes, it has now become a
significant greenhouse gas due to both natural and manmade

processes [3-6]. In an ideal situation, CO2 consumed should
be balanced with what is produced on Earth, so that the
level of CO» remains constant to maintain environmental
stability. However, increased human industrial activities
and consumption of fossil fuels has caused imbalance in
CO, concentration in the environment and has made
global warming an urgent issue. Hence, reduction of
CO, production and conversion of excess CO; into useful
chemicals is critical, for environmental protection. Therefore,
various governments all over the world have shown concern by
increasing their funding for research to address the CO issue.
Hence, electrochemical reduction of CO; into useful products
and chemicals is urgently needed [7,8]. However, Carbon
dioxide (CO2) produced by most hydrocarbon feedstock
combustion processes is a thermodynamically stable product
[9] and hence, reduction of COj is challenging.

The electrocatalytic conversi

During the last 30 years a great deal of research effort
has been directed in the electrochemical reduction of CO,.
Electrochemical conversion of COj into hydrocarbons was
reported in 1985 by Hori et al. using cathode materials such
as Cd, In, Sn and Pb which predominantly gave formate
and small amount of CO, CH4 and H,. More importantly.
they reported the production of CH4 on pure copper as z;
cathode for the first time [10]. In 1986, the same authors
reported the production of CH4 and C,H, by electrdchenﬁca:l
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- Abstract

us paper presents design and simulation of micro-
iﬂmg]znmal systems (MEMS) based piezoclectric
- ! beams. Poly (vinylidine fluoride-

uoroetlylenc) (P (VDF-TYFE)) co-polymer was
chosen as the piezoclectric material which has better
M‘“"}C properties than other polymers. These
piczoclectric  co-polymer cantilevers form the main
elmf!ntsglou‘le&d and low frequency energy harvestors
or vibration sensors. P (VDF-TYFE) cantilevers and
beams were designed to take advantage of unimorph
dss mode. The design has an active P(VDF-TYFE)
layer, ‘Cr,'.\u clectrode of interdigitated pattern for
power/signal output. The design is to be implemented on
2 inch diameter, < 110 silicon base, bulk micro-machined
using TMAH etchant. P(VDF-TrFE) cantilevers and
beams were simulated using Comsol Multiphysics
simulation software with dimensions in the range 100-
400an  width, Length 200-2000um and all having
thickness of 2.5pan. The mechanical and clectrical
properties of cantilevers were analyzed during the
simulation. The results show that the fundamental
resonance frequency varied from 6.483 kHz for 100 (W)
x 200 (L) san? wo 63.328 Hz for 400 (W) x 2000 (L)
ym? cantilevers. Similarly, the fundamental resonance
frequency varied from 41.98 kiz for 100 (W) x 2000
(L) pan? to 410.76 Hz for 400 (W) x 2000 (L) pm?* for
beams. Hence, it is clear from the simulation results that,
as the length of cantilever/beams increases fundamental

resonance frequency decrcascs.

Keywords: Microelectromochanical — systems,
P(VDF-TYFE) cantilevers, beans, encrgy harvesters,

vibration.

1 Introduction

With the advancement of technology in electronic
systems such a8 wircless sensors, mobile phones, external
wearable medical devices etc, rescarchers have focused
on advancement of smaller volume and durable power
gources.  Batteries as a conventional power pources
have some limitations due 1o its higher volume and a
limited lifetime [1, 2. To reduco the encrgy sources
issue, energy harvesting is an attractive way Lo extract
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vironmental renewable energy wonros s
as polar, wind, tidal and geothermal [3)- Purthermoore,
ambient mechanical vibration can be recycled 1o y/zzﬂr.a:’t;
cloctrical encrgy for wircloss sensor rm'me,l dl,,m;’j
sensors [4] and health monitoring [5). 'Vd)rsz»n Z
energy harvesters officiently convert vibration wzﬂ
into electrical energy using three elpctromechansc
transduction processes:  eloctrostatic, d!m(mp%
and piesocloctric [6-8].  Among those u:medwtm
methods, piczoelectric transducers have attained mw:h
attention due to the simplicity in configuration and higher
conversion efficiency [9, 10].

In piczoelectric  transduction there ae some
piezoclectric materials namely, Lead Zirconate Titanate
(PZT), Polyvinylidene Fluoride (PVDF) and their co-
polymers [11], and Aluminium nitride (ALN) [6]. When
those piezoelectric materials are configured for mechanical
cnergy, then electrical energy will be generated and vice

versa as shown in Figure 1 [12].

encrgy from en

Mechanucal deformation
induced electrical field

Figure 1: Piczoelectric effect of piezoelectric materials.

Ambient mechanical vibration generally
provide lower frequencies (< 1000 ;i.:;mt order 4
u'ulize mnl?lent, vibration properly, reaonax;z frequency :3
piezoelectric energy harvester should be in the range of
vibration. Moreover, maximumn energy can be harvested
efficiently when energy harvester is driven at the resonant
frequency [13].  However, there is a limited choice
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