Chapter 12
Studies of Microstructure Properties

and Gas Sensing Performance
of (Sngy 3Tiy7)O0, Thick Film Resistors
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Abstract In this work we report the synthesis, microstructure, electric properties
and sensing performance of (Sng3Ti(7)O, powder, were prepared by wet chem-
istry route. Thick films were prepared by screen-printing technology. The surfaces
of the films were modified by dipping them into an aqueous solution of copper
chloride for different intervals of time, followed by firing at 550 °C for 30 min.
pure film showed response to CO, at 300 °C and cupricated films have been found
to be highly selective towards H,S at 200 °C. The surface modification, using
dipping process, altered the adsorbate—adsorbent interactions, which gave the
unusual gas response and selectivity effect. The characterization of the films was
done by Scanning Electron microscopy, X-ray diffraction, Thermal gravimetric
analysis and UV spectrophotometer. Single peaks of the X-ray diffraction pattern
reveals that the formation of compound of (Sngy3Tig7)O,. Average crystallite size
was found to be 41 nm of pure film. The role played by surface copper species in
the gas sensing performance is discussed. Grain size, electric properties and gas
sensitivity of the films were measured and presented.
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1 Introduction

Gas sensors are used for monitoring and controlling of industrial processes,
analysis of gas compositions, for surveillance and many other applications. The
development of gas sensor devices with optimized sensitivity and selectivity has
been gaining prominence in recent years [1]. Since the demonstration almost
50 years ago, it has been noted that the adsorption of gas on the surface of metal
oxides can bring about a significant change in the electrical resistance of the
material. There has been a sustained and successful effort to make use of this
change for purposes of gas detection. Hydrogen sulphide is a toxic gas, often
produced in coal, coal oil and natural gas manufacturing. Therefore, reliable
sensors with low cost, low energy consumption, having high sensitivity, selec-
tivity, and operable in a sub ppm range of H,S are in high demand for environ-
mental safety and industrial control purposes.

Among the metal oxides, tin dioxide and titanium dioxide, due to their chemical
and electrical properties, are particularly appealing both for basic research and for
a wide variety of possible applications [2]. Tin dioxide is the most common
material in gas sensing [3], but it is widely used as transparent conductor and in
heterogeneous catalysis. Titanium dioxide is used as a photocatalyst in solar cells,
as an optical coating, in gas sensing, etc. Tin dioxide and titanium dioxide are both
wide-gap semiconductors, showing several similarities in structural as well as in
electronic properties.

One of the most active fields in the sensor research is the exploration of new
materials that enable enhanced gas-sensing properties of all the materials currently
examined, semiconducting oxides, for example, SnO, and TiO,. These materials
are of strong interest, largely because their physical properties are important for
promising application as a gas sensor [4—7]. The gas-sensing property for the
SnO,-based sensors is found to be affected dominantly or even controlled by their
surfaces [8]. Above 400-500 °C (oxygen losses), the low temperature SnO,-
sensors suffer from a structure instability and poor selectivity [9], while that for the
TiO,-based sensors by their bulk constituents as well and are suited to work at high
temperature (1000-1200 °C)[10]. Since the two oxides have distinct gas-sensing
behaviors, a combination of them would presumably initiate a new system [11],
which might have the gas sensing properties that are not present in either of their
bulk oxides was reported in literature [12—14]. The ST;o material could be more
selective and stable.

The goal of this chapter is the synthesis of ST5y materials. More specifically, we
aim at better information on: (i) the structure and morphology of the powder
(i) electronic properties and their changes in contact with different gases. Scan-
ning Electron microscopy (SEM), X-ray diffraction (XRD), Thermal gravimetric
analysis (TGA) and UV spectrophotometer measurements were adopted to analyze
the morphology, the crystalline structure, crystallite size, thermal stability and
band gap of sample. Finally, electrical properties and gas sensing properties have
been studied.
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2 Experimental
2.1 Preparation of Material

The (Sng3Tip7)O, powder was synthesized via wet-chemistry route from AR-
grade starting materials and solvents, used without any further purification [14].
Tin (II) dichloride dihydrate (SnCl,.2H,0) (0.3 M) (99.8 %, Aldrich) was dis-
solved in distilled water. Further Titanium chloride III (TiClz) (0.7 M), containing
15 % HCI (99.8 %, Aldrich) was introduced dropwise into the solution with
constant stirring followed by slowly heating it in air at 80 °C. The dried powder
was calcinated at 1,000 °C for 6 h to obtain base material ST3q [15—17]. Then this
powder was ground in an agate pastle—mortor to ensure sufficiently fine particle
size.

2.2 Preparation of Thick Films

The thixotropic paste was formulated by mixing the fine powder of ST;, with
temporary binder as a mixture of organic solvents. The 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 (1.5 x 0.5 cm) to prepare thick
films [18-20]. The films were fired at 550 °C for 30 min in an air atmosphere to
remove the residual.

2.3 Modification of Thick Films

The CuO-modified STj, thick films were obtained by dipping them in a 0.01 M
aqueous solution of copper chloride (CuCl,) for different intervals of dipping time
of 5, 10 and 20 min. These films were dried at 80 °C, followed by firing at 550 °C
for 30 min. The films so prepared are termed as ‘cupricated’ films [21-23].

2.4 Thickness Measurement

The thickness () of the film was calculated using a weight-difference method using

D,

()
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where, m is the mass of the film deposited on the substrate in gm, ‘A’ the surface
area of the film in cm? and ‘p’ is the density of deposited material. Average
thickness of the film was observed to be 75 pm. The reproducibility of the film
thickness was achieved by maintaining the proper rheology and thixotropy of the
paste.

3 Structural Properties
3.1 X-ray Diffraction Analysis

To identify the structure and phase purity of the prepared sample, X-ray diffraction
analysis (XRD) measurement was carried out. XRD analysis of these powders
were carried out in the 20-80° (20) range using Cu-Ko (with A = 1.542 A, 40 kV,
30 mA) radiation. Figure 1 showed the X-ray diffraction patterns of ST3, thick
film. X-ray diffraction analysis at room temperature was carried out to recognize
the crystalline phase of ST3, powder. ST3( solid solution exhibited a rutile-like
single phase. It has been possible to observe that the ST3y peak position well
matched with JCPDS data of rutile TiO, (JCPDS No.: 76-0649), allowing us to
indirectly verify that the synthesis of the material correctly occurred. The prepared
sample shows single phase of the solid solution STj3( at calcinations temperature
1,000 °C. This temperature is lower than that required to prepare the material by
the solid-state reaction (1,500 °C) [24]. The sharpness of the peaks indicates the
polycrystalline nature of the film material.

Table 1 depicts X-ray diffraction analysis of pure STz, Thick Film. The d
values were in good agreement with those in the JCPDS for TiO, possessing
tetragonal structure. The average crystallite size was determined by using Scherrer
formula for various identified diffraction peaks [25] and crystallite size was found
to be nearly 41 nm.

1800 1 = STy Tetragonal
1600 = TiO, (Rutile)
JCPDS No.:76-0649
. 1400
a 1
g 200 4 _ E
> 1000 S B
E 800
400 g ¢ §¢ & g
2001 A = p o= l\“’, =
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20 25 30 35 40 45 50 55 60 65 70 75 80
2-Theta ( Degree)

Fig. 1 XRD pattern of pure ST3¢ film
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Table 1 X-ray diffraction analysis of pure ST3, thick film
Angle (20) d spacing (A) FWHM Peak intensity in % Crystallite size (nm) hkl plane
©)

27.40 3.252 0.278 100 42 110
35.87 2.501 0.272 53.1 36 101
39.17 2.298 0.334 11.6 34 200
41.09 2.194 0.280 232 42 111
43.89 2.060 0.354 9.8 32 210
54.10 1.693 0.330 62.9 40 211
56.47 1.628 0.274 21.8 48 220
62.32 1.487 0.355 9.1 49 002
63.88 1.445 0.363 10.2 35 310
68.79 1.363 0.291 229 49 301
69.42 1.352 0.290 11.3 49 112
76.27 1.247 0.301 4.6 48 202

4 Microstructural Analysis
4.1 Pure ST3, Films

Figure 2 depicts a SEM image of a pure ST3( thick film fired at 550 °C. The film
consists of voids and a wide range of particles with particle sizes ranging from 200
to 840 nm distributed non-uniformly.

4.2 Cupricated ST3, Films

Figure 3a—c consist of SEM images of cupricated STy thick films for the dipping
time interval of 05, 10 and 20 min fired at 550 °C, respectively. The micrograph
shows a number of small particles distributed uniformly between the larger grains

Fig. 2 SEM image of pure
ST30 films
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Fig. 3 SEM image of
cupricated a STz, (05 min),
b ST30 (10 min), and ¢ ST30
(20 min) films
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around the ST3 which may be attributed to the presence of CuO. The change in
dipping time of the film changes the particle sizes. The particle sizes ranging from
151 to 350 nm (Fig. 3a), 145 to 220 nm (Fig. 3b), and 175 to 500 nm (Fig. 3c)
were observed. The micrograph (10 min dipping) appears to consist of a number of
small particles distributed uniformly between the larger grains of the ST3( film.
The smaller particle may be attributed to the presence of CuO. The film seems to
be highly porous with a large effective area for oxygen adsorption.

Table 2 depicts the variation of average particle size (d) and specific surface
area (SSA) with dipping time of the film. Average particle size (d) was estimated
from the SEM images of ST;, samples and SSA from (2),

6
pxD

2)

where, p is the density of sample and D is the particle size of the films.

5 Elemental Analysis

Figure 4a shows the EDAX spectra of pure ST3, film and Fig. 4b shows the
EDAX spectra of cupricated ST3( films. The quantitative elemental composition of
the film and wt % of CuO analysed using an energy dispersive spectrometer are
presented in Table 3. It has been observed that the weight percentage of copper
increased with dipping time. The film with the dipping time of 10 min was
observed to be more oxygen deficient (23.37 wt %). This oxygen deficiency may
make the sample possible to adsorb a large amount of oxygen species.

6 Structural Parameters and Their Analysis
6.1 Texture Coefficient

The texture coefficient (Tc) of the film was determined using (3). From that, it was
observed that T approaches unity for randomly distributed samples whereas Tc is
larger than unity for a preferentially oriented (hkl) plane. The lower value of T¢
reveals that the films have poor crystallinity. It has been observed that the pre-
ferred orientation is the (110) plane for ST5o sample. Texture coefficient of the film
was found to be 1.13.

Texture coefficient of (hkl) plane,

I(hki) /To(hkl)

Te(hkl) = XSS 1(hkd) /To(hk)

where, N-No. of planes in XRD pattern.
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Table 2 Variation of specific surface area with dipping time of films

Sample Av. particle size, d nm (SEM)  Specific surface area (SSA) m2/g

Pure ST; film 520 5.77
Cupricated ST3p (05 min) 240 12.50
Cupricated ST3p (10 min) 200 15.00
Cupricated ST3p (20 min) 337 8.90
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Fig. 4 EDAX spectra of a pure ST;¢ and b cupricated ST3q films

Table 3 Elemental composition of pure and cupricated ST thick films

Samples Wt. % of

Sn Ti O

Cu

Pure ST film 20.59 49.71 29.70
Cupricated ST3¢ (05 min) 22.29 51.44 2591
Cupricated ST3¢ (10 min) 22.50 52.62 23.37
Cupricated ST3g (20 min) 21.57 51.57 25.25

0.00
0.36
1.51
1.61
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Fig. 5 Diffuse absorbance ST film
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6.2 UV-Vis-NIR Spectrum Analysis

Figure 5 shows the absorbance spectra of ST;o sample. UV analysis of the pre-
pared STsq powder was carried out using JASCO UV-Vis-NIR Spectrophotometer
(V-670). The energy band gap, Eg, of the prepared powder was determined using
the absorption UV-VIS—NIR spectra. The optical energy band gap was found to
be 3.35 eV, using the relationship [26, 27]:

hxc
Eg=— (4)

H-Planck’s constant, h = 4.135 x 10" (eV-s), c—speed of light (m/s),
c =3 x 10° (mfs),
JA-wavelength of light (nm).

7 Thermo Gravimetric Analysis/Differential Thermal
Analysis

Figure 6 shows the TGA/DTA profiles of pure ST3o sample. Thermogravimetric
(TGA) analysis of the samples was carried out using a Mettler Toledo Star system-
851 under similar conditions in static air. Thermal stability of pure ST3, was
examined by a thermo gravimetric analyzer (TGA), using a-Al,O3; powder as the
reference in air and at a heating rate of 10 °C/min. About 6.008 mg of powders
were used for the test. Weight loss ST3y material was observed to be nearly
1 %.The small weight loss may be contributing to its larger stability of the pre-
pared material.

The DTA showed the endothermic nature of reactions for pure ST3,. The heat
absorbed by the samples may be due to the non-stoichiometry of ST;, and oxygen
deficiency.
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Fig. 6 TGA/DTA of pure ST3, material

8 Electrical Properties

8.1 I-V Characteristics

Figure 7 shows the I-V characteristics of pure and cupricated STj thick films in
air atmosphere. The linearity in the graphs indicates the ohmic nature of the
pressure contacts.

8.2 Temperature Coefficient of Resistance

Temperature coefficient of resistance for metal is positive, whereas for semicon-
ductors TCR is negative. The relation for resistance and temperature is given by

),

where,

RT = RO[1 + oT]

Rr = resistance of sample of temperature T
R, = resistance of sample at room temperature
T = temperature under consideration

o = TCR of the sample

- TCR(o) = Ri(, (iﬁ) /°c

lope /-
~TCR(x) = Szpe/ C

0

(5)
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Fig. 7 I-V characteristics of pure and cupricated ST, films
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Fig. 8 Variation of resistance of the film with operating temperature

TCR (o) of the pure ST3( film was calculated from the slope of the graph of
resistance of the film in air (Ra) versus operating temperature (Fig. 8) using (6)
and found to be negative. This shows the semiconducting nature of the film.

8.3 Electrical Conductivity

Figure 9 shows the variation of conductivity with temperature for the pure and
cupricated samples. The legends suffixed ‘a’ are the graphs for samples tested in
air atmosphere, while the legends suffixed ‘g’ represent the graphs for the con-
ductivities in the presence of H,S gas. The graph shows the nonlinear variation of
conductivity with temperature for all samples. This shows the semiconducting
nature of the films. The conductivity of particular cupricated sample, upon
exposure of gas, was larger than that in air. The conductivity of the sample
cupricated for 10 min was largest of all. The conductivities of cupricated ST;q
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Fig. 9 Variation of electrical conductivity with temperature of pure and cupricated ST3( films

Table 4 Variation of

e : Sample Activation energy(eV)
activation energy with
dipping time ST thick films Fure STso film 0242
Cupricated ST3o (05 min) 0.172
Cupricated ST;p (10 min) 0.140
Cupricated ST3o (20 min) 0.148

samples were larger than that of pure STj at particular temperature in the presence
of gas or in air.

Table 4 represents the activation energy with dipping time of the film, which is
calculated from the slope of the graph of log (conductivity) versus 1/T. It has been
observed that the activation energy of most sensitive film (10 min.) (0.140 eV) is
less than the pure film (0.242 eV) at 300 °C. This reveals that the surface cupri-
cation of the films improves the gas response of the film; since less amount of
energy is require to change the one stable state to other state of sensor.

9 Gas Sensing Properties
9.1 Pure ST;3, Films

9.1.1 Gas Response with Operating Temperature

Figure 10 depicts the response to CO, gas with operating temperature of the pure
ST; thick films fired at 550 °C.The gas response values of pure thick films were
determined at various operating temperatures ranging from 100 to 450 °C for CO,
gas. The response increases with increasing the operating temperature, attains its
maximum at 300 °C and then decreases with a further increase in operating
temperature. It has been noted that the optimum operating temperature of pure film
is 300 °C.
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9.1.2 Selectivity

Figure 11 shows the bar diagram indicating the selectivity of the pure ST3( sensor
operated at 300 °C to CO, gas against other gases. It is evident that the pure sensor
is selective to CO, at 300 °C gas against the other gases.

9.2 Modified ST;, Films

9.2.1 Gas Response with Operating Temperature

The response to H,S gas with operating temperature of the cupricated ST;, thick
films for the dipping time interval of 05, 10 and 20 min. fired at 550 °C are
represented in Fig. 12.The gas response values of surface cupricated ST3q films
were determined at various operating temperatures ranging from 100 to 450 °C to
H,S gas. The modified film suppresses gas response of CO, gas of pure film and
enhances the response to H, S gas. The films dipped for 10 min. was most sen-
sitive H,S gas. The response increases with increasing the operating temperature
attains its maximum (at 200 °C) and then decreases with a further increase in
operating temperature. It is clear that the optimum operating temperature of
cupricated film is 200 °C.

9.2.2 Variation of Gas Response with Dipping Time

Figure 13 shows the variation of the gas response of the cupricated films treated
for different intervals of dipping time. It is clear that the response to H,S goes on
increasing with an increase in the dipping time interval. H,S gas response attains
its maximum at 10 min dipping and decreases with further dipping.

9.2.3 Selectivity

Figure 14 depicts the selectivity of the cupricated (10 min) STj, film operated at
200 °C to H,S gas against other gases. The cupricated film suppresses response of
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the gases selected at 300 °C operating temperatures of pure film and enhances the
response to H,S gas. It is evident that the cupricated sensor was highly selective to

H,S gas at 200 °C.
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Fig. 14 Selectivity of cupricated ST3( film to H,S against other gases
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Fig. 15 Response and recovery time of pure ST;( film
10 Response and Recovery Time of Sensors

10.1 Pure ST;4 Film

The response and recovery time of pure STj, film are represented in Fig. 15. The
response time of pure ST3( film was 5 s. and recovery time was 22 s. at operating
temperature 300 °C.

10.2 Cupricated ST3, Film

Figure 16 shows the response and recovery time of cupricated (10 min.) ST, film.
The response time of the film was 3 s and recovery time was 20 s at operating
temperature 200 °C. This indicates that surface cuprication of the film reduces the
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Fig. 16 Response and recovery time of cupricated (10 min) STj, film

response and recovery time of the sensor. The small response and recovery time

are the remarkable features of the cupricated ST;.

11 Long-Term Stability of Sensor

11.1 Pure STj;, Film

Figure 17 shows the long term stability of pure STj, film. It was observed that the
period (2 month) the response of the sensor was found to be nearly

over a long
same.

Gas response
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Fig. 17 Long time stability of pure ST5, film
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Fig. 18 Long time stability of cupricated (10 min) STj, film

11.2 Cupricated ST3, Film

Long term stability of cupricated STj film is shown in Fig. 18. It was observed
that due to cuprication of the films the long time stability of gas response of the
sensor is found to be improved.

12 Gas Response to Different Gas Concentrations

Figure 19 exhibits response to H,S gas for various gas concentrations ranging
from 100 to 800 ppm at 200 °C operating temperature. It observed that sensitivity
increases linearly from 100 to 400 ppm after that, film shows nearly constant
response. This may be due to the masking of sensor surface and not responding
further increasing gas concentration. So sensor would be used in active region
(100-400 ppm).

Active region : (0 - 400) ppm
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100 1
80+
60 +

40 1

Gas response

20 1

0 T T T T T T T g
0 100 200 300 400 500 600 700 800

Gas Concentration (ppm)

Fig. 19 Response to H,S gas for different gas concentration of cupricated (10 min) ST3, film
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13 Error Measurement

The standard deviation (o) is calculated from the squares of the deviations from
the mean using the following formula (7):

Measurement of % error in gas response of ST3q film of pure and most gas
sensitive cupricated STj film is depicted in Table 5.

It is observed that the maximum error is less than 10 %. It means the mea-
surement method carried in this work is correct. It is also observed that error
decreases with surface modification that indicates the method of surface modifi-
cation is correct.

14 Summary Table

Samples Optimum operating Gas sensing performance

conditions

Dipping Temp. Gas conc. Max. sensitive Gas Res.  Rec.

time °C)  (ppm) to gas response time  time

(s) (s)
Pure ST3 film - 300 400 CO, 13.20 6 24
Cupricated ST3g film 10 min 200 400 H,S 96.70 3 20
(10 min)

ST;3p :(Snp3Tip7)O,, Conc.: concentration, Max.: Maximum, Res.: Response, Rec.: Recovery

15 Discussion

Gas response (S) is the device characteristic of perceiving a variation in physical
and/or chemical properties of the sensing material under gas exposure. The sen-
sitivity, in the case of resistive gas sensors, is defined as the relative change in

Table 5 Measurement of % error in gas response

Sample Temp. Gas response  Standard Deviation (6) % Error

Pure ST; film 300 13.20 0.79 6
Cupricated ST film (10 min.) 200 96.70 0.63 1
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resistance of the thick film. It is the ratio of the change in the resistance of the thick
film in air to the change in resistance in particular gas atmosphere. The sensitivity
is given by (8) [22]:

-8 ®

R,

R, — R,

Gasresponse (S) = R
a

where, R, —resistance of a thick film sensor in air

R—resistance of a thick film sensor in a sample gas

It is the ability of a sensor to respond to a certain gas in presence of other gases
is known as selectivity. A good sensor will discern a particular signal by allowing
adsorption of the desired gas while remaining insensitive to others.

The % selectivity of ‘target gas’ to another gas is defined as:

%Selectivity = E—A x 100 9)
B
where, S, and Sp are the sensitivities of sensors in ‘target gas’ and B gas,
respectively.

It is known that atmospheric oxygen molecules are adsorbed on the surface of
ST;, semiconductor oxide in the forms of O™, O, and O*~, thereby decreasing
the electronic conduction. Atmospheric oxygen molecules take electrons from the
conduction band of STz to be adsorbed as O~ STz, The reaction is as follows:

Oz{g} +2e~ — 20 ST;g (10)

When reducing gas molecules like CO, react with negatively charged oxygen
adsorbates, the trapped electrons are given back to conduction band of STj,. The
energy released during decomposition of adsorbed CO, molecules would be suf-
ficient for electrons to jump up into conduction band of STz, causing an increase
in the conductivity of sensor.

For oxidation of CO,, some amount of activation energy has to be provided
thermally. An increase in operating temperature surely increases the thermal
energy so as to stimulate the oxidation of CO,. The reducing gas (CO,) donates
electrons to STy Therefore, the resistance decreases, or the conductance
increases. This is the reason why the gas response increases with operating tem-
perature. The point at which the gas response reaches maximum is the actual
thermal energy needed for the reaction to proceed. However, the response
decreases at higher operating temperatures, as the oxygen adsorbates are desorbed
from the surface of sensor [28]. Also, at high temperatures the carrier concen-
tration increases due to intrinsic thermal excitation and the Debye length
decreases. This may be one of the reasons for the decreased gas response at high
temperatures [11].

The interaction between a semiconductor surface and H,S may be explained in
terms of reaction of H,S molecules with pre-adsorbed oxygen. Oxygen adsorbs at
the surface in several forms such as : O™, O, and o>,
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The H,S gas is reducing in nature. It can reduce CuO into CuS which are
metallic in nature and is more conducting. This can be represented as:

CuO + H,S — CuS + H,0 (11)

Upon subsequent exposure of sensor to air ambient at elevated temperature,
sulphides got oxidized and could be recovered back to oxides as

2CuS + 40, — 2Cu0 + 2805 (12)

When oxygen is adsorbed on the surface of STj film, abstracting electrons, and
thus an increase in potential barrier at the grain boundaries. When reducing gas
such as H,S is adsorbed between the grains of ST;q film, the potential barrier
decreases as a result of oxidative conversion of the H,S gas. H,S reacts with
adsorbed oxygen ions as:

H,S + 30" — H,0 + SO, + 3¢~ (13)

The amount of oxygen adsorbed on the surface of cubricated STj, films is
more, since copper oxide form misfit regions between the grains of ST3( film and
act as efficient catalysts for oxygenation.

When the optimum amount of copper oxide is incorporated on the surface of the
ST;¢ film, copper species would be distributed uniformly throughout the surface
(Fig. 3b). 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
sensitivity to gas.

When the amount of copper 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 nonlinearity of the electrical conductivity-temperature profiles of the
samples reveals the semiconducting nature of pure and cupricated ST3,. The
semiconducting nature may be attributed to oxygen deficiencies in ST3q. Cupri-
cation of ST3g has enhanced the electrical conductivity. This may be due to the
bridging of intergranular gaps between STj particles by small particles of CuO
segregated around the grain boundaries of STs.

Fast recovery and response to H,S gas may be due to faster adsorption—
desorption reactions on the surface of the cupricated films. A large number of
oxygen ions would be adsorbed on the misfit regions of copper in ambient air. The
larger the misfits on the surface, the larger would be the number of oxygen ions
adsorbed on the surface leading to high resistance. The larger the number of
oxygen ions adsorbed on the surface, the faster would be the oxidation of the
exposed gas and the response time. STz, was observed to be highly oxygen
deficient. The larger the oxygen deficiency, the faster would be the adsorptions of
oxygen ions and in turn the faster the recovery of the sensor.
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16 Summary and Conclusions

Following statements can be made from the experimental results.

The thick films of pure ST;y were sensitive to CO, gas at 300 °C.

Surface cuprication process was employed to modify only the surface of the film
and not the bulk portion of the base material STj.

The thick films of pure and cupricated ST;, was observed to be semiconducting
in nature and showed a negative temperature coefficient of resistance.

The cuprication alters morphology and shifts response of the films towards H,S
gas at temperature (200 °C).

Cupricated films were found to be more porous film. As porosity increases of the
film, the gas response of the film would be increases.

Average crystallite size from XRD using Scherrer formula of pure film was
41 nm.

Response and recovery time of cupricated film was reduced due to surface
modification.

Cupricated films showed the good long time stability compare to pure film.
The optical energy band gap of prepared ST;, sample was found to be 3.35 eV.
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