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Abstract — This study presents the feasibility and the fiestl time results of microwave flexible gas sertsased on poly (3,4-ethylenedioxythiophene) pohgstg
sulfonate — multi wall carbon nanotubes (PEDOT:RB8CNTS) as sensitive material, deposited by inlgenting technology. The sensor is suitable foreldss
applications, it consists of two stub resonatorkapton in order to provide a differential detestidhe final aim of this work is to develop a lowst communicating
sensor which can be integrated into real time nsaitising platform dedicated to the applicationsiréty low power consumption and adaptable forltiternet of Things
(IoT), in order to do the detection of harmful gasech as Volatile Organic Compounds (VOCs). Pieliny results have shown a large influence of ethaancentration
on the electrical properties of the passive resmaatt radio-frequency range. These vapors havweeawadditional insertion losses and frequencyssbif the first resonant
frequency mode around 0.65 GHz. The sensor sahgittvethanol vapors exposition has been estimtie®42.9 Hz/ppm and -7 pdB/ppm for resonant fezqy and
insertion losses variations in differential modesgrectively, according to the values at 4 minufesxposure to 500, 1000 and 2000 ppm. To deepesttigy of the sensor,
we have focused on the influence of ethanol ondbeductivity of the sensitive layer, in terms opeatability and sensitivity. We proposed a way edltime
reconstruction of the response by representinglifference of the insertion losses as well as ifferdnce of frequencies calculated on the basti®fphase average value
within a specified frequency range near the resoaahhis lead to estimate a sensitivity ouedB/ppm and 648.1 Hz/ppm, respectively, for ethamolcentrations ranging
from 500 ppm to 2000 ppm at 10 minutes of exposure.

Keywords — Chemical gas sensor; electromagnetic transdactiokjet printing; flexible substrate; microwavesonator; polymer multi-wall carbon nanotubes
composite

. INTRODUCTION

The need for miniature sensors, integrated in mitirenments, highly selective and sensitive, witdwlcost and low power
consumption, is growing more each year, due taribdernization and increasing global industrial@atiwhich increase environmental
pollution. This pollution concerns 7 million deatims2012, according to World Health OrganizationH®) [1]. It is known as a source
of irritation, decreased lung capacity and odown& of these pollutants are considered carcinogammng them volatile organic
compounds (VOCSs) represent an issue as target aomdpoSeveral classifications of carcinogenic agerist, in particular those of the
European Union (EU), the International Agency fasBarch on Cancer (IARC) and the Institut Natiat@lRecherche et de Sécurité
(INRS). They provide information on the carcinogerisk in the workplace of listed chemical subsen(VOCs, heavy metals, ...etc).
For example, the occupational exposure limit valoe ethanol is 500 ppm in Germany and 1000 ppm rianée and USA [2].
Unfortunately, powerful systems that allow the deéten of these chemicals agents in real time ateusgently needed, as prevention
tools in order to alert the people concerned. Ia tontext and to respond to this problem, we psepthe real-time monitoring and
guantification sensor for toxic gas, by combining alectromagnetic transduction resonator with amibal sensitive layer of
carbonaceous material in the frequency band fromt®® GHz. This platform is suitable for the Intetrof Things and embedded
systems, which open revolutionary perspectiveshto proliferation of sensing and control sites wihmmunicating wireless sensor
networks. The electromagnetic transducer has betstted due to advantages such as passive andlpogsieless device; well
appropriate for networking and communicating operawith high-frequency working thread; functiorialharsh environments; usable
for real-time detection and providing an exploighformation directly. In addition, due to its p& structure, the device can be
manufactured on flexible substrate by low costénlgrinting technology [3], [4], [5], [6]. Studidmve shown that carbon materials when
used as the detection layer are very sensitivér, streictural distribution increases their contagtface area with the target species and
they can be easily integrated with printed techggldue to the availability of ink solutions. Thepave shown an ability of high
sensitivity to a wide variety of particles: volatibrganic compounds (VOCSs), hydrogen sulfidgS)} carbon dioxide (C£, ammonia
(NH3) and nitrogen dioxide (N [4], [7], [8], [9]. For this study, the device Eased on electromagnetic transduction associaibd w
composite sensitive nanomaterials such as poly-dthylenedioxythiophene) polystyrene sulfonate —timuall carbon nanotubes
(PEDOT:PSS-MWCNTSs). This material was chosen fommercial availability as printing ink and for enlcad conductivity, this
composite combining the advantages of both themeiyand the carbon nanotubes, as illustrated ifitdrature [10], [11], [12], [13]. In
a first part we describe the sensor design baseddwral stub resonator on a flexible kapton sutesead simulation results, as well as a
prototype and electrical characterizations. Thergah time exposure to different concentrationgtbfnol is used to study the sensitive
material behavior. We summarize and discuss thergagharacterization results and the sensor sehsiéis proof of concept. Finally,
perspectives are presented.

IIl.  THEORETICAL STUDY
The operating principle of the sensor (Fig. 1)asdd on the differential detection of the distudeaof the electromagnetic field due to

the presence of target species on the sensitiver.léiydeed, these target species cause the variafithe electromagnetic properties

(permittivity, conductivity and/or permeability),amly of the sensitive material whose functiondsrhimobilize them. Thlease chlan ?8 in
agelo



Download English Version:

https://daneshyari.com/en/article/5009331

Download Persian Version:

https://daneshyari.com/article/5009331

Daneshyari.com


https://daneshyari.com/en/article/5009331
https://daneshyari.com/article/5009331
https://daneshyari.com

