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Abstract Smontium Cobalt Tianste (SCT) was synthesized via solid state rouwie.
Phase formation was analyred using X-ray diffraction (X RD) technigue. Resistive
sEnEarE woene made using screen printng technigue and comesponding sensing
properties were investigaed in dry as well as humid environment (RH 509%).
Experimental resulis demonstrated that sensors displayed least humidity interfer-
cnce at 40 “C. The operating tempersiune of the sensor was optimized for best
mesponsivensss, These type of sensors can be effectively uwsed in environmental
monitonng of NO, gas at oow ppm.

136.1 Introdoction

Mirogen oxides emissions are responsible for pulmonary disease and even damages
i the human immuniy system. Nitrogen oxides (NO) are produced by petnol and
dicsel buming engines is a poisonous, odorless, colorless gas, Omnce mixed with air
it quickly combines to form NO2 which is highly toxic gas, pungent smelling gas
and a major component of ouwtdoor pollution [1] Nimgen dioxide is toxic on
inhaa lation; it can be easily identified by smell. However, one complex featre of
this is thet exposune to the gas at low concentration ansesthetizes e nose calsing
dee likelihood thet incressed conoenrations in an envirnment may oo undetocted,
creating poiential health risks The main Asks of nirogen dioxide are their effect on
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e lungs. Poople with bronchitis or astyma are predominantly sensitive to the gas
and lungs may bocome inflamed, keading & breathing difficuldes. According to
mvtemational air gqualiy standands, long-iem exposure to low conoentration of MO
i harmful The noed for air guality control demands a sensor selective to NO, as
well as with ability to detect at low concentrations.

Humidity poses a great challenge in the metal oxide based gas sensors In
numersus cases, increase of humidity in the atmospherne @ 2 great extent impedes
the response of sensor [ 2], Humidity is a common cross-contaminant that can vary
widely in concentration with changes in ambient conditions. The effects of humidity
an MO, detection nead guantification and must be kept wnder control.

A variety of n-type makenals have investigated for gas sensing measure ments in
contrast to p-type materials that offer advantage over n-type materials like reduced
cross  sensitivity, lower humidity imterference, promote selective oxidation of
volatile organic compounds [3]. The distinctive oxygen adsorption of p-type
materials maybe used to design high-performance gas sensors that show low
humidity depend ence and rapid recovery kinetics [4, 5]

Momover, a wide variety of materials have been sudied and used as sensing
elements for NOs deection [6]. Among them, ABO: oy pe perovskite has reoeived
considerahle atention due & admirable gas sensitvity, olerance ©owards higher
doping levels and stability over a wide emperature range [7, ] This doping
Aexibility allows control of vanous properies swch as sensitivity and selactvity.
Strontium Titanate (SrTi0);) & an n-type perovakie which in is pure state has
rather low conductivity. However, it conductivity can be enhanced by acceptor
doping at Ti-site. Also acceptor doping of trivalent ions on the guadrvalent ions
induce p-type condwcton [9]. In the present repart, SrCaoy, ; Tig /0 was prepamed by
solid state moute. Its NO, sensing propenties has beentestied in dry as well as humid
ENVIMDNMens & vanous Operaing temperannes.

136.2 Experimental

SrCog  Tigey was preparad using solid state reaction method. The powder was
then calcined at 1100 °C for 3 h. The phase formaton was investigated via X-ray
diffractometer { Bruker, D advanced diffractometer, Gemany) using Cuk, (4 =
1541 A ) radiation, where the pattems were collectad overa range of 10°—80° with
a scan rate of 2°/min.

The sensor was fabricated onto 3 = 3 mm® alumina substrates containing laser
etched interdigitated gold elactrode s for resistance measure ments on the wpper lay er
with electrosde gap ~0.15 mm. A platinwm heater track housed at the bottom of the
ile was used to achieve the desired temperature. (Countesy: City Technology). Ink
for screen printing was prepared by mixing the powder with organic vehicle
(ESL-00, Agmet Lid) and grinding in a montar and pestle till a homoge meous




aspension was obtained. Resulting ink was then screen pnnted usng DEEK1N2
screen printer. After each print the layer was dried under an infra-red lamp for
X0 min. A total of 5 layers were deposiied. Afterward, sensor was fired at 600 °C
for an hour in an Elie Thermal Sysiems BRFLS fumace to evaporaie the organic
vehicle The sensors were then bound onto the brass pins in standard polysulphide
housing.

The sensor were investigaed in both dry air a5 well as 50% RH with NO, as test
gas at 350, 400 and 500 “°C as operating emperatures

1363 Result and Discussion

XRD patem is indicative of the crystalline nature (Fig. 136.1). The samples in
perovsk ite phase with cubic structure were indexed to JCPDS cand #86-01 77 and no
additional peaks were ohserved indicating Co has & dissolved in the strocture and
no secondary phase & detectad.

The sensitivity of sensors B messured a5 a function of their haseline resistance in
air {Ro). For reducing gases, the response is Ro/Rg, where Rg & the resistance of
e sensor during the test gas pulse. For oxidising gases, the response is the
reciprocal of response in reducing gas (Rg/Ro). Figure 1362, shows the gas
sensing response of Co-doped SrTi0; to NO, at 400 °C at 50 ppm. Sensor
demonstrated a maximum sensing response of 2,93 at an operating temperature of
400 °C whereas in presence of humidity it displayed a response 2.6, It can be
ohserved from Fig, 1363, tat the response increases with increase in concentration
which may be due to larger availability of st gas in the atmosphere surmounding
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the sensor. However, it is noticeable from Fig. 1363 that gas eaponse indry air at
vanous concentrafions is only slighdly larger than response in humid air. The
response to MO, at temperature 400 °C is seen @0 be higher than the response
observed at 300 °C, however, the resistance of the sensors was very high at 350 =C
(Tahle 1346.1). Moreover, least humidity inference is observed for sensor at 400 =C.
The sensor demaonstrated promising gas sensing response and ~ 7 to 9% (within the
limite of emor) diminished response in humid environment as companed to dry air
iowards NOo at 400 *C at 50 ppm (Fig. 136.2)
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136.3.1 Gas Sensing Mechanism

Semi-conduweting metal oxides exhibit a change in comndwctivity due @ adsorption or
desorption of gas moleculess. This change in the conductivity helps us o get
information about the gas response signal [10, 1] Oxygen species are adsorbsed
onin the surface, forming Oy, species and remove electrons from the bulk of the
material, this eads to the formation of a deplation region. In te presence of a test
gas, oxygen is removed from the surface, eintroducing rapped electrons ino the
matenial, decreasing dee size of the depletion region and increasing g comnductvity.
For an n-ty pe material resistance increases due to elecion capbure in presence of
oxidizing gas wheness for ptype material resistance decreases. The decrease in
mesistance of p-iype material upon exposure o oxidizing gases can be explained by
ihe increase of hole concentration in the shell layer due to dee ionosorpion of
oxidizing gas

The study of sensors in a humid environment is imperative, o best their relia-
hility in actual atmospheric conditions. Inowet atmosphere, ratio of water moleoles
i active sikes (metwl in metal oxide) decides the adsorption  mechanizm.
Chee st o mese hean s is fiolowed &t low humidity level while physisomtion is
observed at higher levels of humidiny. The increase in conductivity with increasing
FH iz mainly die o the increase of the dharge camies wpon adsomption of watkn'ogas
vapors by the surface layer. The adsorbed waier molecules get onized on ithe
airface and the hydronium (HaO™) ions are produced by the assistance of high
eleciric charge density in the neighborhood of the hydroxyl {OH ) sites resulting in
enhancement of conduction to the adjacent sites. Thus, maintaining the gas sensing
mesponse in presence of humidity without substantial drop in parallel o the gas
sensimg response in dry ar Waker-related condection in ceramic and porous
materials is known bo mainly ocour as a surface mechanism [ 12, 13]. A swdy of the
wanaton of operating temperature on gas sensitivity in dry air and 50% BEH in the
present work shows least humidity ineference and maxinum sensitivity at Q00 “C
which is in agreement with the effects observed in other systems [ 14]. Swoh studies
can be exploited for various applicatons.




136.4 Conclusion

Co-doped SrTiD: was synthesized, charmacterized and used to fabricaie gas sensor.
Sensor demonstrated a noticeahle increase in responsivensss o N0, at 400 °C in
comparision to other operating temperabures, Funthermaore, the response st hwmid
conditions was 7-9% lesser than observed in dry air. Consequenty, these types of
sensors can be effectively used in envimonme ntal monitoring of low ppm of MO, gas
in dry a5 well a5 humid environment due to ease of production and low synthesis
cost of materials.
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