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Hybrid Flexible Sensor

V. B. Patil

Abstract A novel flexible, ultra-sensitive, selective and room temperature operable

polyaniline-based hybrid (PAni/α-Fe2O3 PAni/WO3) ammonia (NH3) gas sensors

were developed onto a flexible polyethylene terephthalate (PET) substrate by in-

situ polymerization process. The observations were recorded to 100 ppm fixed level

for various gases including NO2, CH3OH, C2H5OH, NH3 and H2S through moni-

toring the change in resistance of the developed sensor. The flexible (PAni/α-Fe2O3

PAni/WO3) hybrid sensor demonstrated better selectivity towards NH3. The syner-

gistic response of the flexible hybrid sensors was remarkable than that of the PAni

and α-Fe2O3 and WO3 alone; indicating the effective improvement in the perfor-

mance of PAni flexible sensor on nanocomposite process. Moreover, the flexible

sensor detected NH3 at low concentration (5 ppm) with a fast response (27 s) and

very short recovery time (46 s). Further, PAni/α-Fe2O3 and PAni/WO3 hybrid flexible

sensor films were characterized by X-ray diffraction, field-emission scanning elec-

tron microscopy, UV–visible and Raman spectroscopy, Fourier transform infrared

and X-ray photoelectron for structural analysis, morphological evolution, optical and

surface related studies.

1 Introduction

In recent days, the development of stretchable and flexible sensors for array of func-

tions has been accelerated by fast advances in materials and processing methods.

Flexible sensors are attracting more interest due to their fascinating properties like

flexibility, low cost, lightweight, shock resistance, smoothness, etc. Flexible sensors

hold great assure for variety of appliances in several fields including medicine,

communication, personal safety, environmental monitoring, energy storage and

poisonous pollutant detection for human health [1]. The fundamental advantage

of flexible sensor is that it can operate at room temperature and can be situated in

compact places which make it portable, trouble-free and economical [2].
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Chapter 1

Tungsten Oxide Nanocomposites

as High-Performance Gas Sensors:

Factors Influencing the Sensor

Performance

Digambar Y. Nadargi, Imtiaz S. Mulla, and Sharad S. Suryavanshi

1 Introduction

In the present dynamic lifestyle, amenity-with-safety is of prime importance.

Amongst many other safety possessions, gas sensors have a special place as in-

house safety utensils. The need and hence the demand for gas sensors in recent years

have increased enormously. Going back in the history, the origin of gas sensors lies

somewhere in coal mines, where the use of canary birds as an early warning mecha-

nism was incepted in the form of the first gas alarm system. One of the first artificial

gas detectors, Davy’s lamp (1815), was designed to detect the presence of methane

and oxygen deficiency in coal mines (Simonin 1869). The first professional product

designed for the consumer market was launched in 1970 (Aswal and Gupta 2007),

based on the works of Seiyama (Seiyama et al. 1962) and Taguchi (Taguchi 1962)

[1–3]. Figure 1 shows the glimpse of the early history of gas sensor development.

Photographic image of mining foreman showing a small cage with a canary bird used

for testing carbon monoxide gas (Fig. 1a). Davy’s lamp and Taguchi’s schematic of

a gas sensor are highlighted in Fig. 1b, c.

Prior to Industrial Revolution (year 1750), the concentration of harmful gases in

the atmosphere was hardly 250–300 ppm. At present (year 2018), the value has gained

a dramatic peak of 40%, which is further continuing to increase. Figure 2 illustrates

the annual greenhouses gas emissions by various sectors of the society [4]. Certainly,
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The objective of this book is to highlight the use cyclopentanone as a 
starting material to design and produce several difunctional monomers 
such as aromatic diamines, diacids used to synthesize aromatic high 

performance polyamides. Important considerations in designing monomers 
are: ) meta- linkage introduces "kinks" to the main chain which decrease 
the rigidity of the polyamide backbone and inhibit packing, thus reducing 
the interchain interactions leading to enhanced solubility, i) the presence 
of cardo cyclopentane ring in the polyamide backbone reduces strong 
molecular interactions of stiff-chain aromatic polyamides, producing an 
effective chain separation effect and which help in enhanced

processability, i) the presence of flexible methyl group on aromatic ring 
offers asymmetry to the polyamide backbone leading to constitutional 
isomerism which could impart interesting properties to the polyamides. 
The second objective of this book is to present investigated effect of 

incorporation of pendent or cardo cyclopentane ring on the propertiesof 
polyamides, such as solubility, inherent viscosity, crystallinity, glass transition 

temperature and thermal stability. 
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