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Studies on Gas Sensing Performance of Pure and Surface
Chrominated Indium Oxide Thick Film Resistors

ID. N. CHAVAN, 2V. B. GAIKWAD, S. D. SHINDE, °D. D. KAJALE,

’G. E. PATIL, ¥G. H. JAIN
'Department of Chemistry, Arts Commerce and Science College, Lasalgaon 422 306, India
*Materials Research Lab., K. T.H.M. College, Nashik 422 005, India
*Materials Research Lab., Arts, Commerce and Science College, Nandgaon 423 106, India
*E-mail: gotanjain@rediffmail.com

Received: 27 September 2010 /Accepted: 30 November 2010 /Published: 30 December 2010

Abstract: The thick films of AR grade In,O; were prepared by standard screen-printing technique.
The gas sensing performance of thick film was tested for various gases. It showed maximum gas
response to ethanol vapor at 350 °C for 80 ppm. To improve the gas response and selectivity of the
film towards a particular gas, In,Os thick films were modified by dipping them in an aqueous solution
of 0.1 M CrO; for different intervals of time. The surface chrominated (20 min) In,O; thick film
showed maximum response to H,S gas (40 ppm) than pure In,O; thick film at 250 °C. Chromium
oxide on the surface of the film shifts the gas response from ethanol vapor to H,S gas. A systematic
study of sensing performance of the sensor indicates the key role played by chromium oxide on the
surface of thick film. The selectivity, gas response and recovery time of the sensor were measured and
presented. Copyright © 2010 IFSA.

Keywords: Ethanol vapor sensor, Surface chromination, H,S gas sensor, Gas response, Selectivity.

1. Introduction

Hydrogen sulphide (H,S) is a toxic and inflammable gas produced in sewage plants, coalmines and oil
and natural gas industries. It is used in a large amount in various chemical industries, research
laboratories and as a process gas in the production of heavy water. Although the occupational
‘exposure-limit’ for the gas is 10 ppm for 8 h. exposure and the acceptable ambient levels of H,S
(recommended by the scientific Advisory Board On Toxic Air Pollutants, USA) are in the range
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of 20-100 ppb [1]. Xu et al. have reported H,S gas sensing by thick film of nano crystalline In,O; at
250 °C [2]. However, so far there are no reports on sensing of low concentration or room temperature
detection of H,S gas by In,Os. M. Kaur et al. showed that the single crystal whiskers were selective
and could be used to sense very low concentration (200 ppb) of hydrogen sulphide gas [3]. Even at low
concentration, H,S gas produces severe effect on the nervous system. This gas can be very perilous for
human bodies when its concentration is greater than 250 ppm. Therefore a lot of attention has been
paid to search for H,S gas sensitive materials [4-7]. An efficient gas sensor must have high sensitivity
and good selectivity at low operating temperature [8]. Jiao et al. found that an In,Os film had high
sensitivity to concentration of NO, but low sensitivity to deoxidizing gases [9]. The sensors for toxic
gases have attracted much attention due to the growing concern of environmental protection and
safety. A number of semiconductor oxides such as ZnO, SnO, and In,O; are used for different gas
sensors [10-13]. Most of these sensors are based on the resistance variation when the semiconductor
oxide films are exposed to the target gases. Normally, the conventional resistance type sensors are
operated at an elevated temperature usually within the range of 250-300°C [14-17]. The operating
temperature of all the Ag doped sensors is lower than that of the reported H,S sensors [18-21]. The
amount of oxygen adsorbed on sensor surface depends on the operating temperature, the particle size
and specific surface area of the sensor [22].

B. Shouli et al. explain the enhancement of gas-sensing properties of the semiconducting CH4 sensor
could be attributed to the much smaller crystalline size of SnO,. The adsorption behavior and chemical
reaction of CHy and O, on the composite surface and introduction of the additives into the basic
material, the sensing behavior was straight forwardly related to the catalytic activity for CH4 oxidation
[23-24]. Among all the possible oxides, indium—based metal oxides have been very effectively resulted
as material for gas sensor making [25-28]. The Sn—doped In,Os—based sensor showed higher
conductance than In,Os, due to n-doping of Sn cations in the In,O; lattice, and higher defectiveness
than pure oxide [29].

In this article, we reported that pure In,O3 thick film showed maximum gas response to ethanol vapor
at 350 °C. After the surface chromination (20 min) by CrO; precursor, the thick film of material
showed maximum gas response to H,S gas at 250 °C by suppressing the response to ethanol vapor.

2. Experimental
2.1. Preparation of 1n,O3 Thick Films

The AR grade powder of In,O; was calcined at 1000 °C for 6 h. Then In,O; powder was milled for 2 h.
using planetary ball mill to obtain fine-grained powder. The thixotropic paste was formulated by
mixing the fine powder of In,O3 with a solution of ethyl cellulose (a temporary binder) in a mixture of
organic solvents such as butyl cellulose, butyl barbital acetate and terpineol etc. The weight ratio of the
inorganic to organic part was kept at 75:25 in formulating the paste. This paste was screen printed on a
glass substrate in a desired pattern [30, 31]. The sensitivity of the films increases with the film porosity
as well as with thickness of the film [32]. The films were fired at 550°C for 30 min. Silver contacts are
made for electrical measurements.

2.2. Preparation of Surface Chrominated In,O3; Thick Films

The surface chrominated In,Os thick films were obtained by dipping them in a 0.1 M aqueous solution
of chromium trioxide (CrOs) for different intervals of dipping time of 5, 10, 15, 20 and 30 min. These
films were dried at 80 °C, followed by firing at 550 °C for 30 min. These prepared films are termed as
‘surface chrominated’ films [33-37]. The CrO; dispersed on the films; the surface was reduced to
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Cr,0; in firing process. CrO; is not thermally stable above its melting temperature (197 °C) losing
oxygen to give Cr,03. Cr,03 s a stable compound.

2.3. Thickness Measurements

The thickness of the films was measured by using the Taylor-Hobson (Talystep, UK) system and was
observed in the range from 65 to 70 um. The reproducibility of the films’ thickness was achieved by
maintaining the proper rheology and thixotropy of the paste

2.4. Details of Gas Sensing System

The sensing performance of the sensors was examined using a ‘static gas sensing system’ [7]. There
were electrical feeds through the base plate. The heater was fixed on the base plate to heat the sample
under test up to required operating temperatures. A sample under test can be mounted on the heater.
The Cr-Al thermocouple was mounted to measure the operating temperature. The output of the
thermocouple was connected to a digital temperature indicator. A gas inlet valve was fitted at one of
the ports of the base plate. The required gas concentration inside the static system was achieved by
injecting a known volume of a test gas with a gas-injecting syringe. A constant voltage was applied to
the sensor and the current was measured by digital Picoammeter. Air was allowed to pass into the glass
chamber after every gas exposure cycle.

3. Characterization Results
3.1. Micro Structural Analysis

Scanning electron microscopic (SEM) studies were carried out by using JEOL JSM 6360 (LA)
Germany. Fig. 1 (a) depicts the SEM image of pure In,O; thick film fired at 550 °C. The film consists
of voids and a wide range of grains with size distribution ranging from 0.25 um to 0.5 um, distributed
non-uniformly.

(a) (b)
Fig. 1. SEM images of (a) Pure and (b) Surface chrominated (20 min) In,O; thick films.

Fig. 1 (b) is the SEM image of the surface chrominated (20 min) In,O; thick film. The Cr,O; grains
associated with the In,O3 grains. Cr,O; grains may reside in the intergranular regions of the In,Os.

84



Sensors & Transducers Journal, Vol. 9, Special Issue, December 2010, pp. 82-95

Thus the effective surface area was expected to increase largely. This may be the reason of giving
maximum gas response of the film. The smaller particles may be attributed to the Cr,O3 grains.

3.2. Quantitative Elemental Analysis-EDAX
The quantitative elemental analysis of the pure and surface chrominated In,O; thick films was carried

out by using an energy dispersive spectrophotometer (EDS) JEOL — JED — 2300 LA Germany. The
constituent elements such as In, O and Cr associated with various films are represented in Table 1.

Table 1. Quantitative elemental analysis of pure and surface chrominated In,O; thick films.

Film In (Wt%) | O (Wt%) | Cr (wWt%)
Pure In,O3 41.33 58.67 -
Surface Chrominated, Dipping time: 5 min 39.03 60.30 0.94
Dipping time: 10 min 39.24 59.67 1.10
Dipping time: 15 min 39.37 59.00 1.62
Dipping time: 20 min 38.46 58.96 2.58
Dipping time: 30 min 35.97 60.50 3.53

It is clear from the Table 1 that the weight percentage of chromium increased with dipping time
reached to a maximum. The film with the dipping time of 20 min was observed to be more oxygen
deficient (58.96 wt%). This oxygen deficiency may make the sample possible to adsorb a large amount
of oxygen species.

3.3. Thermal Stability of Pure and Surface Chrominated (20 min) In,O3; Samples

Thermo gravimetric analysis (TGA) of the films was conducted in air using Mettler Toledo Star
System 851 at a heating rate of 10 °C min™' in the temperature range from 30 °C to 900 °C. Fig. 2
shows the TGA profiles of pure and surface chrominated (20 min) In,O; samples. Table 2 lists ‘loss’
or ‘gain’ in weight of these films observed during TGA in the different temperature range. It can be
concluded from the profiles that the weight of pure sample continuously decreased up to temperature
680 °C and then remained constant in the temperature range 680 °C to 820 °C. It shows smallest
weight gain in the temperature range 820 °C to 900 °C.

101.5

101 Method TG - 30°C to 900°C @ 10°C/min, Air

100.5

Surface chrominated
(20 min) In,05

Pure In, 05

25 125 225 325 425 525 625 725 825 a25
Temp (°C)

Fig. 2. TGA profile of: pure and surface chrominated (20 min) In,O; samples.
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Table 2.Thermal analysis of pure In,O; and surface chrominated (20 min) In,O; samples.

Temperature Pure In,O3sample 0 Surfage chrominated

o : Temperature °C (20 min) In,O3 sar_nple
Loss (Wt%) | Gain (wt%b) Loss (Wt%) | Gain (wt%b)

25 - 680 2.57 - 25-330 1.0 -

680 - 820 330-375

820 - 900 - 0.11 375 -900 - 2.29

Surface chrominated (20 min) In,O3; sample was more stable than the pure In,O3 sample. The variation
in weight with temperature was comparatively a less weight loss and a more weight gain in the surface
chrominated (20 min) sample can be attributed to the larger adsorbed oxygen content. The film with
the high amount content of Cr (2.58 wt%) was observed to contain the small amount of oxygen
(58.96 wt%, Table 1), which could be attributed to the largest deficiency of oxygen in the film. It is
therefore quite possible that the material would adsorb the largest possible amount of oxygen, showing
relatively larger gain in weight (2.29 wt%) in the temperature range of 375 °C to 900 °C. The small
weight loss of surface chrominated (20 min) In,O3; sample may be due to its larger stability. The
chromium oxide on the surface of surface chrominated (20 min) sample would form misfit (Cr,O3)
regions between the grains of In,O3; as compared to pure In,O3 sample and could act as an efficient
catalyst for oxygenation.

3.4. Dependence of Electrical Conductivity with Temperature

Fig. 3 represents the variation of conductivity with temperature for the pure and surface chrominated
samples. The conductivity varied nonlinearly with temperature for all samples, showing negative
temperature coefficient. The surface chromination makes the sample more and more resistive, which in
turn beneficial for improvement in response and selectivity.

| 1000/T‘(K'1)

1.49 1.61 1.75 1.91 211 2.36 2.68

—o0— Pure —a—5min

Log(conductivity)Ohm-m
N

519 —%-10min —%x—15min
554 _6_20min ——30 min
-6

Fig. 3. Electrical profile of pure and surface chrominated In,Os thick films.

3.5. Measurement of Gas Response

In the field of gas sensors, it is well known that ethanol vapor is one of the most exhaustively studied
gases, particularly due to the great demand in the biomedical, chemical, and food industries, especially
in wine-quality monitoring and breath analysis.
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Gas response of a sensor was defined as the ratio of the change in conductance of a sample on
exposure to the test gas to the conductance in air [38].

Gg-Ga| | &G
Ga " | Ga

Gas response =

where Gy & G, are conductance of a sample in the presence and absence of a test gas respectively &
AG is the change in conductance.

The pure In,O5 thick film was tested to various gases such as CO,, CO, HsS, Cl,, Ha, NHs, O,, LPG,
ethanol vapor etc. It showed maximum response to ethanol vapor at 350 °C. Fig. 4 shows the variation
of gas response of the pure In,Oj; thick films (fired at 550 °C) with operating temperature ranging from
100 °C to 400 °C to ethanol vapor. The gas response goes on increasing with operating temperature
and attains maximum gas response (936) at 350 °C and decreases with a further increase in
temperature.

1000 -
900 - Gas conc. 80 ppm
800
700 A
600 -
500 -
400 4
300 A
200 A
100 -

0 1 T T , r T )
100 150 200 250 300 350 400
Temp.(°C)

Gas response

Fig. 4. Variation of ethanol vapor response of pure In,O; thick film with operating temperature.

3.6. Selectivity of Pure In,O3 Thick Film

Selectivity or specificity is defined as the ability of a sensor to respond to certain gas in the presence of
other gases. Fig. 5 shows the selectivity profile of the pure In,O5 thick film at 350 °C. The film shows
a maximum selectivity to ethanol vapor against the other gases.

1000

900 -+

Op.temp.: 350°C
800 A H,S gas : 40 ppm
700 - Other gases: 80 ppm

600 -
500 -
400 +

Gas response

300
200 -+

S 1

o7 LPG co CO, Hy HzS NH;  ethanol
Gases

Fig. 5. Selectivity of pure In,O5 thick film.
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3.7. Variation of Gas Response with Dipping Time

Fig. 6 shows variation of response to H,S (40 ppm) with operating temperature of the pure and surface
chrominated In,O; thick films fired at 550 °C. The response goes on increasing with the operating
temperature, attains maximum gas response (at 250 °C) and then decreases with a further increase in
operating temperature. It is clear from Fig. 6 that the optimum operating temperature is 250 °C.

—X— Pure —O0=—5 min

=t 10 MiN == 15 min

=20 MiNn ==+==30 min

Gas response

100 150 200 250 300 350 400
Temp. (°C)

Fig. 6. Variation of H,S gas response to pure and surface chrominated In,O; thick films with operating
temperature.

The H,S response of pure In,O; thick film fired at 550 °C was 2.73 at 250 °C while that of surface
chrominated (20 min) In,Os thick film was 4142 at the same operating temperature. Therefore, the
surface chromination of In,O; was observed to be more effective for H,S gas sensing than the pure
Il’l203.

The surface chrominated (20 min) In,Os thick film showed maximum gas response to H,S gas. The
amount of Cr (2.58 wt%) incorporated onto the In,Os thick film surface would be optimum to cover
the surface nonuniformly ), leading to the enhanced adsorption mechanism. The gas response to H,S
gas goes on increasing with increasing the amount of Cr up to a certain limit attains maximum gas
response and decreases with increasing the amount of Cr. The largest gas response in case of the
sample with 2.58 wt% of chromium (for 20 min) may be because of more available sites (chromium
misfits). The surface chromium misfit regions enhance the oxygen adsorption on the surface. Thus the
number of oxygen species adsorbed on the activated surface would be larger. The larger the number of
oxygen species adsorbed, the faster would be oxidation of H,S gas. This would increase the
conductance of the film crucially, enhancing gas response. At lower concentration, the decrease in gas
response may be due to the insufficient number of Cr- misfits available on the film surface, which
would adsorb less oxygen species on the film surface. However, at higher concentrations, the
chromium oxide would mask the entire base material and would resist the gas to reach to the surface
active sites, so gas response would decrease further [39].

3.8. Selectivity of Surface Chrominated (20 min) In,O3 Thick Film to Various Gases

Fig. 7 shows the bar diagram indicating the selectivity of the surface chrominated (20 min) In,O3
sensor operated at 250 °C to H,S gas against CO, LPG, NH3, CO,, Cl,, Oy, H, and ethanol vapor. It is
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evident from the figure that the sensor was highly selective to H,S against other gases. The high
selectivity to H,S can be attributed to the surface chromination of In,O; thick film.

1200

1000 +

= Pure

Gas response
N B (o2} o4}
o (@} o o
o o o o
L L L L

H>S gas : 10 ppm
Other gases : 80 ppm

-1

B 20 min 4.14

93.33 30 160 276 276 936
7.44 10.14 6.9 5.42 1.4 1036 19.1 115

LPG CO, NH3 ethanol

Fig. 7. Selectivity of surface chrominated (20 min) In,Os thick film to H,S gas with other gases at 250 °C.

3.9. ppm-Level Gas Sensing

Fig. 8 is the histogram which shows the gas response of a surface chrominated (20 min) In,Os sensor to
H,S gas up to 500 ppm gas concentration at 250 °C. At lower concentration, a monolayer of the gas
molecules would be expected to be formed on the surface, which could interact with the surface more
actively, giving larger response. There would be multilayer of gas molecules on the sensor surface at
the higher gas concentration, resulting in saturation in response.

Gas response

60000 -

50000 -

40000 -

30000 -

20000 -

B 20 min

100 | 200 | 500 | 700 | 900 (1100
10 | 103 |1000|2070|4142 /1035|2071 5177 5124|5142 |5127
Gas concentration (ppm)

Fig. 8. ppm-level H,S gas response of surface chrominated (20 min) In,Os thick film at 250 °C.

3.10. Shifting of Gas Response

Fig. 9 shows shifting of gas response of pure In,Os thick film to the surface chrominated (20 min)
In,O5 thick film. The thick film of pure In,O; was sensitive to ethanol vapor (936) at 350 °C. The
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surface chrominated (20 min) In,O3 thick film suppresses the response to ethanol vapor and enhances
to H,S gas at lower temperature. The chromination changes the reactivity of film surface to oxidize the
adsorbed gas more effectively.

4000 -
Ethanol : 80 ppm
H>S : 40 ppm
o 3000 -+
)}
c
o}
o}
§ 2000 -
S
1000 4 Ethanol
0 - o o —

Pure 5 min 10 min 15 min 20 min 30 min

Dipping Time(min)

Fig. 9. Shifting of gas response with dipping time.

3.11. Response and Recovery Time

Response and recovery time are basic parameters of the gas sensors. The response time has been
defined as the time taken to attain 90 % of final value and the recovery time as time taken to recover
90 % of the original value. The Fig. 10 shows the response time and recovery time of surface
chrominated (20 min) In,O; thick film at 250 °C for 1 ppm H,S gas concentration. The 90 % response
and recovery time were attained within 4 s and 12 s respectively. The very short response and recovery
time are the important features of the surface chrominated (20 min) In,O3; sensor. The sensor also
showed good repeatability as shown in Fig. 10.

120 A Gas OFR Gas : H,S

/ \ Concentration : 1 ppm

100 o
80 o

60 o

Gas response

20 o

O T T T T T 1

O\ 10 T 20 30 40 50 60

Gas ON Gas ON Time(s)

Fig. 10. Repeatability of surface chrominated (20 min) In,O; thick film.
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4. Discussions
4.1. Pure In,O5 Thick Film as a Ethanol Sensor

Pure In,0; is a basic oxide. It is well known that the response to ethanol vapor is greatly promoted by
basic oxides [40] Being specific to ethanol vapor, the promotion would be related to the oxidation of
ethanol vapor. It is known in catalytic chemistry that ethanol vapor is oxidized via two reaction routes,
i.e. dehydrogenation to CH3CHO on the basic surface and dehydration to C,H4 on the acid surface.
These intermediates are consecutively oxidized to CO, and H,O:

Out of these intermediates, CH;CHO 1is known to have much higher molecular sensitivity of a
semiconductor gas sensor than C,H4 [41]. Due to the basic nature of In,O3, the dehydrogenation route
is more favored than the dehydration route, giving rise to the maximum gas response to ethanol vapor.

Dehydrogenation

/| CH;CHO

Basic H;

C2H50H CO,.H,0

N

AcidicH,0

\I Dehydration

CoH,

4.2. Surface Chrominated (20 min) In,O3; Thick Film as a H,S Sensor

The surface chrominated (20 min) In,O; thick film can be looked upon as the small particles of
chromium oxide distributed along the grain boundaries of In,Os. CrO; on the surface of In,Oj; thick
film is not thermally stable above its melting temperature (197 °C) losing oxygen to give, after series
of intermediate stages, Cr,O3 [42]. It is usual procedure, in this investigation, to test the sensors by
heating them at the operating temperatures ranging from 50 to 450°C. The first time heating of sensor,
above 200 °C, would convert CrOj; into Cr,03. Some amount of CrO; may also be reduced into Cr,O3
by trapping electrons from the oxygen vacancies in In,Os thick film material. Local oxygen deficiency
may trigger the occurrence of the reaction:

2010y — Gy + T G T (1)

On exposure of H,S gas, Cr,O3 would be converted into Cr,S; or CrS, which are known to be metallic
in nature and more conducting than Cr,O3 [43]. On exposure of H,S gas on the surface chrominated
(20 min) In,Os3 thick film, the sensor resistance decreases suddenly giving higher sensitivity. This can
be represented as:

2Cr, 0y +2H.8 — 4Cr0 4+ S0, (2)
ergd 1H.8 » &rg | Ho, @, 3)

or
GI':{JE HSH:S — EI':E"E"' SH:U, (4)
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On subsequent exposure of sensor to O, at elevated temperatures, sulphides can be recovered back to
oxides as:

2Cr§ +30, - 2010+ 280, )
E'EI‘«-S;; -9, — Eﬂragg = 080, , (6)

When oxygen is adsorbed on the chromium zones of strong localization at elevated temperatures, the
potential between the surface chrominated (20 min) In,Os thick film, grains may be raised further and
as a result the total resistance increases in comparison with the sample without any chromium. It is
known that abstraction of electrons from bulk of surface chrominated (20 min) In,Os thick film by the
adsorbed oxygen results in the formation of surface states. The semiconductvity in Cr,Os-activated
In,O3 must be due to large oxygen deficiency in it the material would then adsorb the oxygen species
at higher operating temperatures [44].

Qorgasy = Dogansn > (7
Uaraga 7€ — Oppaag, (®)
Qxadey 87 = 2 Ogpaa 9)
Gaan T8 = 035, (10)

Upon exposure to H,S gas on the surface chrominated (20 min) InyOj thick film, H,S adsorb between
the chrominated grains of In,Os;, the potential barrier would be decreased as a result of oxidative
conversion of the H,S and desorption of oxygen. The reaction of H,S gas with the adsorbed oxygen
ions can be represented as [45].

H,§ + 30°% = H,0+ 50, + 66, (11)

The amount of oxygen adsorbed on the surface of chrominated (20 min) In,O; thick film is more since
chromium oxide form misfit regions between the grains of surface of chrominated (20 min) In,Os thick
film and act as efficient catalysts for oxygenation. The Cr,O; can create artificial surface states in the
midgap region, leading to unusual physical and chemical properties. For example, the adsorption
energy can be higher for the misfit regions, and the discontinuity in the adsorption potential can give
rise to unusual selectivity effects for surface of chrominated (20 min) In,Os thick film based
semiconducting oxide sensors. More specifically, the electron-electron interaction in the presence of
periodically enhanced disorders in these two-dimensional systems can affect the adsorbate adsorbent
interaction and the range of adsorption potentials leading to additional sensitivity improvement.

When the optimum amount of chromium oxide is incorporated on the surface of the surface of
chrominated (20 min) In,Oj thick film, chromium species would be distributed uniformly throughout
the surface (Fig. 2 (b). Due to this not only the initial resistance of the film is high but this amount
would also be sufficient to promote the catalytic reaction effectively and the overall change in
resistance on exposure of the test gas larger leading to high gas response.

When the amount of chromium oxide on the surface of the film is less than the optimum, the surface
dispersion would be poor and amount may not be sufficient to promote the reaction more effectively
leading to decreased sensitivity.

The observations from thermal analysis indicate that surface chrominated (20 min) In,Os thick film is
more stable than the pure In,Os thick film. Therefore, reproducibility of chrominated samples is
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expected to be more than pure In,Os; thick film. The oxygen adsorption mechanism of surface
chrominated (20 min) In,O; thick film is observed to be more effective as compared to the pure In,O;
thick film leading to higher gas response.

The nonlinearity of ‘Electrical conductivity-temperature’ profiles of the samples reveals the
semiconductor nature of pure and surface chrominated (20 min) In,Os thick film. The semiconducting
nature may be attributed to oxygen deficiencies in surface chrominated (20 min) In,Os thick film. The
chromination of In,Os thick film enhances the electrical conductivity. This may be due to the
conducting nature, though small, of small particles of Cr,O; segregated around the grain boundaries of
surface chrominated (20 min) In,Oj5 thick film.

Fast recovery and response to H,S gas may be due to faster adsorption-desorption reactions on the
surface chrominated (20 min) In,O; thick film. The large number of oxygen ions could adsorb on the
misfit regions of chromium in absence of H,S gas. These adsorbed oxygen ions could oxidize the H,S
gas immediately on its exposure leading to fast response and recovery of the sensor.

5. Conclusions

From the results, following statements can be made for the sensing performance of the pure and

surface chrominated (20 min) In,O3 sensors.

(1) The In,O3 was found to be a non stoichiometric and oxygen deficient material. It showed negative
temperature coefficient in nature.

(2) The pure InyOs thick film showed highest gas response to ethanol vapor at 350 °C and gas
concentration was at (80 ppm).

(3) Surface chromination by dipping process are one of the most suitable methods of modifying the
surface of the films.

(4) The surface chromination changes the gas response of the film to H,S at 250 °C temperature.

(5) The Cr incorporated onto the film surface for 20 min is (2.58 wt%). This amount would be an
amount to form sufficient number of misfits, which are responsible for the change in the
adsorption capabilities of the film.

(6) The gas response of the surface chrominated (20 min) In,O; thick film was observed to increase
suddenly upon exposure to H,S at optimum operating temperature. The sensing mechanism of the
surface chrominated (20 min) In,O; sample was the surface controlled mechanism (adsorption/
desorption of oxygen) the oxidation of sulphides (Cr,S3, CrS) and the reduction of oxides (Cr,Os3,
CrO) have also boosted the gas response and selectivity.

(7) TGA data shows that, the surface chrominated (20 min) In,O; sample is more stable than pure
In,O3 sample. Therefore, reproducibility of surface chrominated (20 min) In,Os; samples is
expected to be better than pure In,Os; sample. The adsorption of oxygen on the surface
chrominated (20 min) In,O3 sample would be more effective as compared to pure In,O; sample
leading to higher gas response.

(8) The repeatability and reproducibility of the sensor were observed improved through the surface
chromination process.

Acknowledgements

The authors are grateful to U.G.C., New Delhi and B.C.U.D., University of Pune for granting financial
assistance to this project. The author (DNC) is very much thankful to the Principals, Arts, Commerce
and Science College, Nandgaon, NVPM’s A.C.S.College Lasalgaon and K.T.H.M. College, Nasik for
providing laboratory facilities. He is also thankful to Dr. P.K Khanna, Scientist-E, C-MET, Pune,
Department of Physics, Chemistry, University of Pune and M.V. P. Samaj, Nasik for providing
characterization facilities.

93



Sensors & Transducers Journal, Vol. 9, Special Issue, December 2010, pp. 82-95
References

[1]. http://daq.State.nc.us/toxics/studies/H,S

[2]. J. Xu, X. Wang, J. Shen, Hydrothermal synthesis of In,O; for detecting H,S in air, Sens. Actuators B, 115,
2006, pp. 642-646.

[3]. M. Kaur, N. Jain, K. Sharma, S. Bhattacharya, M. Roy, A. K. Tyagi, S. K. Gupta, J. V. Yakhmi, Room-
temperature H,S gas sensing at ppb level by single crystal In,O; whiskers, Sens. Actuators B, 133, 2008,
pp. 456-461.

[4]. Tamaki J, Maekawa T, Miura N, Yamazoe N, CuO-SnO, element for highly sensitive and selective
detection of H,S, Sens. Actuators B, 9, 1992, pp. 197-203.

[5]. Tamaki J, Shimanoe K, Yamada Y, Yamamoto Y, Miura N, Yamazoe N, Dilute hydrogen sulfide sensing
properties of CuO-SnQO; thin film prepared by low pressure evaporation method, Sens. Actuators B, 49,
1998, pp. 121-125.

[6]. Khanna A, Kumar R, Bhatti S, CuO-doped SnO, thin films as hydrogen sulfide gas sensor, Appl. Phys.
Lett., 82, 2003, pp. 4388.

[7]. G. H. Jain, L. A. Patil, CuO-doped BSST thick film resistors for ppb level H,S gas sensing at room
temperature, Sens. Actuators B, 123, 2007, pp. 246-253.

[8]. M. Ivanovskaya, A. Gurlo, P. Bogdanov, Mechanism of O; and NO, detection and selectivity of In,O;
sensors, Sens. Actuators B, 77, 2001, pp. 264-267.

[9]. Z. Jiao, M. H. Wu, J. Z. Gu, X. L. Sun, The gas sensing characteristics of ITO thin film prepared by sol-gel
method, Sens. Actuators B, 94, 2003, pp. 216-221.

[10].D. H. Yoon, G. M. Choi, Microstruture and CO gas sensing properties of porous ZnO produced by starch
addition, Sens. Actuators, B 45, 1997, pp. 251-257.

[11].M. C. Horrillo, A. Serventi, D. Rickerby, J. Gueierrez, Influence of tin oxide microstructure on the
sensitivity to reducer gases, Sens. Actuators B, 58, 1999, pp. 474-477.

[12].C. A. Papadopoulos, D. S. Vlachos, J. N. Avaritsiotis, Effect of surface catalysis on the long- term
performance of reactively sputtered tin and indium oxide gas sensors, Sens. Actuators B, 42, 1997,
pp- 95-101.

[13].G. Sberveglieri, G. Faglia, S. Groppelli, P. Nelli, Method for the preparation of NO, NO,, and H, sensors
based on tin oxide thin films, grown by means of the r. f. magnetron sputtering technique, Sens. Actuators
B, 8, 1992, pp. 79-88.

[14].N. G. Patel, K. K. Makhijia, C. J. Panchal, Fabrication of carbon dioxide gas sensor and its alarm system
using indium tin oxide (ITO) thin films, Sens. Actuators B, 21, 1994, pp. 193-197.

[15].N. G. Patel, K. K. Makhijia, C. J. Panchal, D. B. Dave, V. S. Vaishnav, Fabrication of carbon tetrachloride
gas sensors using indium tin oxide thin films, Sens. Actuators B, 23, 1995, pp. 49-53.

[16].T. Miyata, T. Hikosaka, T. Minami, High sensitivity chlorine gas sensors using multicomponent
transparent conducting oxide thin films, Sens. Actuators B, 69, 2000, pp. 16-21.

[17].R. Bene, L. V. Perczel, F. A. Meyer, M. Fleisher, M. H. Meixner, Chemical reactions in the detection of
acetone and NO by a CeQ, thin film, Sens. Actuators B, 71, 2000, pp. 36-41.

[18].Z. Y. Zhang, H. J. Jiang, Z. Xing, X. R. Zhang, A highly selective chemiluminescent H,S Sensor, Sens.
Actuators B, 02, 2004, pp. 55-161.

[19].G. N. Chaudhari, D. R. Bambole, A. B. Bodade, P. P. Padole, Characterization of nanosized TiO,-based
H,S gas sensor, Mater. Sci., 41, 2006, pp. 4860-4864.

[20].G. H. Jain, L. A. Patil, M. S. Wagh, D. R. Patil, S. A. Patil, D. P. Amalnerkar, Surface modified BaTiO;
thick film resistors as H,S gas sensors, Sens. Actuators B, 117, 2006, pp. 159-165.

[21].J. Q. Xu, X. H. Wang, J. N. Shen, Hydrothermal synthesis of In,O; for detecting H,S in air, Sens. Actuators
B, 115, 2006, pp. 642-646.

[22].X. F. Chu, D. L. Jiang, Y. Guo, C. M. Zheng, Ethanol gas sensor based on CoFe,O4 nano-crystallines
prepared by hydrothermal method, Sens. Actuators B, 120, 2006, pp. 177-181.

[23].C. Aifan, B. Shouli, S. Bingjie, L. Zhiyong, L. Dianging C. C. Liu, Methane gas-sensing and catalytic
oxidation activity of SnO,-In,O; nanocomposites incorporating TiO,, Sens. Actuators B, 135, 2008,
pp. 7-12.

[24].B. Shouli, C. Liangyuan, Y. Pengcheng, L. Ruixian, C. Aifan, C. Chiun Liu, Sn/In/Ti nanocomposite
sensor for CH, detector, Sens. Actuators B, 135, 2008, pp. 1-6.

[25].S. Shukla, S. Seal, L. Ludwing, C. Parish, Nanocrystalline indium oxide —doped tin oxide thin film as low
temperature hydrogen sensor, Sens. Actuators B, 97, 2\x004, pp. 256-265.

[26].M. Epifani, R. Diaz, J. Arbiol, E. Comini, N. Sergent, T. Pagnier, P. Siciliano, G. Faglia, J. R. Morante,

94



Sensors & Transducers Journal, Vol. 9, Special Issue, December 2010, pp. 82-95

Oxide nanocrystals from a low- temperature, self —limiting sol-gel transition in a coordinating environment:
nanocrystal synthesis, processing of gas- sensing devices and application to organic compound, Sens.
Actuators B, 126, 2007, pp. 163-167.

[27].G. Korotcenkor, I. Boris, A. Cornet, J. Rodrigues, A. Cirera, Golovanov, Y. Lychkovsky, G. Karkotsky,
The influnce of additives on gas sensing and structural properties of In,Os-based ceramics, Sens. Actuators
B, 120, 200, pp. 657-664.

[28].A. Vomiero, S. Bianchi, E. Comini, G. Faglia, M. Ferroni, N. Poli, G. Sberveglieri, In,O; nanowires for gas
sensors: morphology and sensing characterization, Thin Solid Films, 515, 2007 pp. 8356-8359.

[29].G. Neri, A. Bonavita, G. Micali, G. Rizzo, E. Callone, G. Carturan, Resistive CO gas sensors based on
In,O5 and InSnOx nanopowders synthesized via starch —aided sol-gel process for automotive applications,
Sens. Actuators B, 132, 2008, pp. 224-233.

[30].G. H. Jain, V. B. Gaikwad, L. A. Patil, Studies on gas sensing performance of (Ba.gSr,)(Sny.gTi0.;) O;
thick film resistors, Sens. Actuators B, 122, 2007, pp. 605-612.

[31].G. H. Jain, L. A. Patil, M. S. Wagh, D. R. Patil, S. A. Patil, D. P. Amalnerkar, Surface modified BaTiO;
thick film resistors as H,S gas sensors, Sens. Actuators B, 117, 2006, pp. 159-165.

[32].S. M. A. Durrani, E. E. Khawaja, M. F. Al-Kuhaili, CO-sensing properties of undoped and doped tin oxide
thin films prepared by electron beam evaporation, Talanta 65, 2005, pp. 1162-1167.

[33].M. Aslam, V. A. Chaudhary, I. S. Mulla, S. R. Sainkar, A. B. Mandale, A. A. Belhekar, K. Vijaymohan, A
highly selective ammonia gas sensor using surface-ruthenated zinc oxide, Sens. Actuators A, 75, 1999,
pp. 162-167.

[34].V. A. Chaudhary, I. S. Mulla, K. Vijaymohan, Impedance studies of an LPG sensor using surface
ruthenated tin oxide, Sens. Actuators B, 55, 1999, pp. 127-133.

[35].R. S. Niranjan, V. A. Chaudhary, S. R. Sainkar, K. R. Patil, I. S Mulla, K. Vijaymohan, Surface ruthenated
tin oxide thin —film as a hydrocarbon sensor, Sens. Actuators B, 79, 2001 pp. 132-136.

[36].V. A. Chaudhary, 1. S. Mulla, K. Vijaymohan, Selective hydrogen sensing properties of surface
functionalized tin oxide, Sens. Actuators B, 55, 1999 pp. 154-160.

[37].V. A. Chaudhary, I. S. Mulla, K. Vijaymohan, Comparative studies of doped and surface modified tin
oxide towards hydrogen sensing synergistic effects of Pd and Ru, Sens. Actuators B, 50, 1998, pp. 45-51.

[38].N. Iftimie, E. Rezlescu, P. D. Popa, N. Rezlescu, Gas sensitivity of nanocrystalline nickel ferrite, J. of
Optoelectronics and Advanced Materials, 8, 3, 2006, pp. 1016-1018.

[39].D. R. Patil, L. A. Patil, Cr,0;-modified ZnO thick film resistors as LPG sensors, Talnta, 77, 2009,
pp. 1409-1414.

[40].T. Maekawa, J. Tamaki, N. Miura, N. Yamazoe, Development of SnO,-based ethanol gas sensor, Sens.
Actuators B, 9, 1992, pp. 63-69.

[41].T. Seiyama, J. Shokawa, S. Suzuki, K. Fueki (Eds.), Kagaku Sena, Kodan-sha, Tokyo, 1992, pp. 42-43.

[42].F. A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry, 2™ ed, Interscience Publishers, John Wiley &
Sons, 1967, pp. 828.

[43].G. Brauer, Handbook of Preparative Inorganic Chemistry, Vol. 2, 2" ed, Academic Press, New York,
1965, pp. 1347.

[44].G. H. Jain, L. A. Patil, P. P. Patil, and U. P. Mulik, Surface chrominated thick films of Ba(s) Sr(p2) TiO;
for H,S gas sensing, Sensors, 7, 2007, pp. 1-X.

[45].Yan Wang, Yanmei Wang, Jianliang Cao, Fanhong Kong, Huijuan Xia, Jun Zhang, Baolin Zhu, Shurong
Wang, Shihua Wu, Low- temperature H,S sensors based on Ag- doped a-Fe,O; nanoparticles, Sens.
Actuators B, 131, 2008 pp. 183-189.

2010 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

95



The Second International Conference
on Sensor Device Technologies and Applications

SENSORDEVICES 2011

August 21-27, 2011 - French Riviera, France

/—’ Tracks:

1 - Sensor devices

www.sensorsportal.com = Photonics
- Infrared
- Ultrasonic and Piezosensors
Important deadlines:

- Sensor device technologies

Submission deadline  March 23,2011 - Sensors signal conditioning and interfacing circuits

Notification April 30, 2011 - Medical devices and sensors applications
Registration May 15,2011 - Sensors domain-oriented devices, technologies, and applications
Camera ready May 22,2011 - Sensor-based localization and tracking technologies

http://www.iaria.org/conferences2011/SENSORDEVICES11.html

The Fifth International Conference on Sensor
Technologies and Applications

SENSORCOMM 2011

August 21-27, 2011 - French Riviera, France

Tracks:
- APASN: Architectures, protocols and algorithms of sensor networks
1 - MECSN: Energy, management and control of sensor networks

www.sensorsportal.com - RASQOFT: Resource allocation, services, QoS and fault tolerance in sensor networks
- PESMOSN: Performance, simulation and modelling of sensor networks
- SEMOSN: Security and monitoring of sensor networks
. - SECSED: Sensor circuits and sensor devices
Important deadlines: - RIWISN: Radio issues in wireless sensor networks
Submission deadline March 23, 2011 - SAPSN: Software, applications and programming of sensor networks
Notification April 30, 2011 - DAIPSN: Data allocation and information in sensor networks

s ; - DISN: Deployments and implementations of sensor networks
Registration May 15,2011 - UNWAT: Under water sensors and systems
Camera ready May 22,2011 - ENOPT: Energy optimization in wireless sensor networks

http://www.iaria.org/conferences2011/SENSORCOMM11.html

The Fourth International Conference on Advances
in Circuits, Electronics and Micro-electronics

CENICS 2011

August 21-27, 2011 - French Riviera, France

/—W Tracks:
- Semiconductors and applications

oA - Design, models and languages
- Signal processing circuits
- Arithmetic computational circuits

www.sensorsportal.com

Important deadlines: - Microelectronics

Submission deadline March 23,2011 - Electronics technologies
Notification April 30,2011 - Special circuits

Registration May 15,2011 - Consumer electronics

Camera ready May 22,2011 - Application-oriented electronics

http://www.iaria.org/conferences2011/CENICS11.html



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal's webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2009.pdf



WlLEY

1807-2007
KNOWLEDGE FOR GENERATIONS

‘Written by an internationally-
recognized team of experts,
this book reviews recent de-
velopments in the field of
smart sensors systems, pro-
viding complete coverage

of all important systems as-
pects. It takes a multidiscip-
linary approach to the under-
standing, design and use of
smart semsor systems, their
building blocks and methods
of signal processing.’

Order online:
http:/lwww.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensor_Systems.htm

www.sensorsportal.com




