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Abstract: The precursors of SnO2 or In2O3/SnO2 nanocrystlline powders have been prepared by
the sol-precipitation method. The precursors were calcined at different temperatures to prepare
SnO2 or In2O3/SnO2 nanocrystalline powders with different particle sizes. The nanocrystallites
were examined by differential thermal analysis (DTA), X-ray diffraction (XRD) and
transmission electron microscopy (TEM). And then thick film CO sensors were fabricated using
prepared SnO2 or In2O3/SnO2 nanocrystlline powders loaded with PdOx. The composition that
gave the highest sensitivity for CO was in the weight% ratio of 5 wt.% In2O3/SnO2:PdOx as
99:1(wt %). The composite material was found sensitive against CO at the working temperature
200 °C. It was found that the sensors based on In2O3/SnO2 nanocrystalline system exhibited
very short response time to CO at ppm level. These characteristics make the sensor to be a
promising candidate for detecting low concentrations of CO.
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Introduction

In recent years, great attention has been paid to nanometresized materials in studies of their
fundamental mechanism, such as the size effect and the quantum effect, and in applications of these
materials [1, 2]. Tin dioxide powders or indium-doped tin dioxide powders are used in many different
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applications, such as microelectronics, solar cells, semiconductor gas sensors, electroluminescence,
etc.

The SnO2 powders are usually prepared from α- or β- stannic acid, followed by a calcining process,
which seems to affect the properties of the powders more extensively than other processes. Therefore,
exploration of the calcining effect on the properties of SnO2 powder may provide valuable information
for sensors, solar cells and electroluminescence [3-5].

Tin dioxide or indium doped tin dioxide is the most used n-type semiconductor in gas sensing
devices because of its capabilities to detect inflammable gases like CH4, H2, C2H5OH, CO and so on
[6-16]. This material, when exposed to atmosphere, is inclined to physisorbe oxygen molecules, pick
up electrons from the conduction band of SnO2 [17], create a positive space-charge layer just below
the surface of SnO2 particles, lift the potential barriers between the particles and lower the electrical
conductance of the SnO2 film. Reducing gases, such as H2, CH4, C3H8, C2H5OH or CO, react with the
physisorbed oxygen [18] by increasing the electron concentration in the material, thereby decreasing
the electrical resistance. This change in resistance serves as sensing signal. The main drawback of tin
oxide however is its low selectivity towards reducing gases and thus cross sensitivity between these
gases is one of the major problems [13, 19].

In this work, the precursors of SnO2 or In2O3/SnO2 nanocrystalline powders were prepared by the
sol-precipitation method. The precursors were calcined at different temperatures to prepare SnO2 or
In2O3/ SnO2 nanocrystalline powders with different particle sizes. The nanocrystallites were examined
by differential thermal analysis (DTA), X-ray diffraction (XRD) and transmission electron microscopy
(TEM). And then thick film gas sensors were fabricated using prepared SnO2 or In2O3/SnO2

nanocrystlline powders loaded with PdOx for CO detection.

Experimental

Sensing materials preparation

The precursors of tin dioxide nanocrystalline powders or tin dioxide nanocrystalline powders doped
with indium oxide (In2O3/SnO2) were prepared by the sol-precipitation method. The reaction
conditions, such as the concentration of reactants, the surfactant, pH value, the amount of indium oxide
doped, and the reaction temperature and time, were studied. A mixed acidic solution of SnCl4 and
In(NO3)3 was made using the Triton X-100 as surfactant, and reacted with aqueous ammonia to form
the sol-precipitate of α-stannic acid (SnO3H2) and In(OH)3 at pH < 7.0. The precipitate was washed
thoroughly with deionized water, dried at < l00 °C, and ground into powders as the precursors. The
precursors were calcined at temperatures from 200 to 900 °C in air for 2 h to produce SnO2 and In2O3/
SnO2 nanocrystalline powders with different average particle sizes. Figure 1 shows the process for
preparing In2O3/ SnO2 nanocrystalline powders. The average particle sizes of the nanocrystallites were
evaluated from the XRD line of the (101) face based on Scherrer equation. The structural properties
and morphology of the In2O3/ SnO2, nanocrystalline powders were characterized by using DTA, XRD,
TEM, etc.
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Figure 1. Preparation process of In2O3/ SnO2 nanocrystallites.

Sensor fabrication

The micro gas sensor was fabricated on the silicon substrate with Pt electrode and heater. The
fabrication of the silicon based chip was achieved according to the following steps; (a) thermal
oxidation of the surface for insulating layer formation, (b) prepatterning for the cavity by wet etching
with HF, (c) Cr deposition followed by Pt deposition by thermal evaporation in a chamber, (d) photo-
resistive film formation, (e) patterning for the heater and the sensing electrode (Pt electrode), (f)
removal of photo-resistive film, (g) wet etching using HF for forming, and (h) screen printing for
micro sensitive layer( about 10 µm thickness) using the mixed solution of nano-crystalline SnO2 or
In2O3/SnO2 with PdOx, ethyl cellulose(6 wt.%) and silica gel(24 wt.%) binder as mechanical stabilizer.
The fabricated silicon-based chip is shown in Figure 2. The dimensions of the chip area are 1.4 mm ×
1.0 mm, and its sensitive layer is about 150㎛ × 80㎛. The distance between sensitive electrodes in the
chip is 4.0 ㎛ (Figure 2).

Measurement of sensor resistance

   All experiments were carried out using an environmental test chamber. The heater temperature
was maintained at 200 ℃ with a supply of heater voltage of ~1.0 V. The measurement of the sensor
temperature was made with the help of IR-0506 (Minolta Corp.) temperature analyzer. All these
experiments were done at a fixed humidity of 65%RH. Fresh air with a controlled humidity of 65%RH
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at 22 ℃ (room temperature) was led and then the gas inlets and outlets of the chamber were closed.
The sensor resistance was measured as the chamber reached at the desirable conditions. This
experiment was repeated with different fresh gas and test gas composition. The resistance of the sensor
was measured for each composition.

           Sensitive layer
Sensing materials thickness : 10 µm
Distance between electrodes : 4 µm
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Figure 2. SEM photography of completed sensor substrate using the MEMS process.

Results and discussion

Structural characteristics of sensing materials

The precursors of SnO2 and In2O3/ SnO2 nanocrystaline powders were prepared by the sol-
precipitate method. During their preparation, the reaction conditions, such as the concentration of
reactants, the surfactant, pH value, the amount of indium oxide doped and the reaction temperature and
time were studied through many experiments. The concentrations of SnCl4 solution were 0.05-0.25 M,
and those of In(NO3)3 were 0.001-0.01 M. The best condition of reactants was selected from many
experiments to prepare samples with the smallest particle size. The quantities of indium oxide doped in
the SnO2 powders were 5 and 10 wt.％. A solution with pH < 7.0 was controlled exactly by drops of
ammonia hydroxide solution.

The DTA of SnO2 or In2O3/ SnO2 precursors is shown in Figure 3, where the sample A, B and C are
SnO2, 5 wt.％ In2O3/ SnO2 and 10 wt.％ In2O3/ SnO2, respectively.

It is seen that there are several endothermic peaks at 280-400 ℃, indicating that tin dioxide powder
was formed by dehydration at these temperatures, corresponding to the scheme:

SnO3H2→Sn2O5H2→Sn4O9H3→SnO2



Sensors 2006, 6         530

 Doping with a small quantity of In2O3 does not appear to affect the preparation process of the
samples to a great extent. Another endothermic peak at 268 ℃ was attributed to the surfactant
decomposition.

Figure 3. The DTA profiles of SnO2 (A), 5 wt.% In2O3/ SnO2 (B) and 10 wt.% In2O3/ SnO2 (C) precursors.

 Figure 4 shows TEM images of SnO2 and In2O3/ SnO2 powders calcined at 800 ℃ for 2 h. It is
shown that the particle shape of the samples is spherical. The powders are quite uniform in size and the
particle size decreases with increasing doping quantities of In2O3. The result of TEM is consistent with
that of XRD.
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Figure 4. TEM micrographs of SnO2 (A), 5 wt.% In2O3/ SnO2 (B) and 10 wt.% In2O3/ SnO2 (C),
calcined at 800 ℃ for 2 h.

The XRD patterns of In2O3/ SnO2 nanocrystalline powders with different quantities of doped
indium calcined at different temperatures for 2 h in air are shown in Figure 5. In all cases a cassiterite
pattern was produced. This was well developed for the sample calcined at high temperatures,
corresponding to d-spacing of 0.3348, 0.2643, 0.2369 and 0.1764nm. This is in accordance with the
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XRD card of SnO2. From the XRD patterns, In2O3/ SnO2 nanocrystalline powders were formed and
there is a strong broad band for those calcined at low temperature. The effect of the particle size of the
samples with different doped quantities on the calcining temperature is shown in Table1. When the
materials (No. g) were heated at 800 � for 2h, sharp peaks were obtained corresponding to the
cassiterite structure. In the subsequent sensing studies these were used gas sensor as the sensing
material.
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Figure 5. XRD patterns of SnO2 (A), 5 wt.% In2O3/ SnO2 (B) and 10 wt.% In2O3/ SnO2 (C)
nanocrystalline powders, calcined for 2 h at (b) 800 ℃, (c) 600 ℃, (d) 500 ℃, (e) 400 ℃, (f) 300 ℃
and (g) 200 ℃.

It is shown that the average particle sizes of samples increase with increasing calcining temperature
and the thermal stability of the samples is very strong. The doped quantity of In2O3 was too small to
affect the different patterns, even it affected the particle size of In2O3/ SnO2 although the samples were
calcined at the same temperature, they differed in the doped quantity of In2O3. The crystal size was
found to be similar for samples calcined at low temperature. The crystal size decreases with increasing
doped quantity for calcining at or beyond 400 ℃. This implies that the doped In2O3 restrains SnO2

from crystal growth.

Gas sensing property

In the beginning, pure CO gas was passed through the test chamber to remove any residual gas or
water vapors.  Then fresh air was passed and maintained till constant sensor resistance was obtained as
Ra. The test gas was then admitted along with air and Rg was measured, till a constant value of Rg was
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obtained. Again fresh air was blown through the test chamber until initial Ra value was obtained. The
resistances of the fabricated film in air (Ra) and in the CO gas containing environment (Rg) were used
to calculate the sensitivity of the sensor as S = Ra/Rg.

Different compositions of the nanomaterials were synthesized to determine the catalytic ability of
the PdOx additives for high sensitivity to CO. As shown in Figure 6 the best composition for the sensor
material that gave maximum sensitivity for CO was in the ratio of 5 wt% In2O3/ SnO2:PdOx as
99:1(wt%). In the subsequent studies this weight% ratio of this composite was maintained. The 5 wt%
In2O3/ SnO2:PdOx nanocrystalline film also showed higher sensitivity value (9.1) to low level (50
ppm) CO gas at working temperature 200 °C (Figure 6). The sensor has shown good adsorption and
desorption for the CO gas at this working temperature.
The response transients of sensors to 50 ppm and 100 ppm CO gas are shown in Figure 7. The
response times and the recovery times were very short at about 8 s and 10 s respectively.  In addition,
the sensitivities of the sensor improve with the increase of CO gas concentration from 50 ppm to 100
ppm.

Table 1. The effect of the particle size of the sample with different doped quantities on the calcining
temperature.

No. a b c d e f g
T(℃) 80 200 300 400 500 600 800
SnO2 2.9 3.1 3.8 5.3 7.8 13.2 24.5
D(nm)
5% In-SnO2 3.1 3.5 4.5 6.4 7.9 10.5
D(nm)
10% In-SnO2 3.1 3.7 5.7 6.6 8.7
D(nm)

From the results of gas sensing property, it is clear that the addition of the noble metal not only
increases the sensitivity, but also lowers the maximum sensitivity temperature. The basic concepts for
increasing the sensitivity and selectivity of the semiconductor materials by adding the noble metals
have also been discussed by Shimizu and Egashira [20]. In the present case, we may conclude the
enhancement of sensitivity due to the following facts:

− The application of nano-scaled SnO2 or In2O3/ SnO2 particles enables exposure of the gas
to the maximum surface area.

− The compatibility of noble metal salt with the surfactant may result in a well-dispersed
distribution of nano sized catalyst particles over the sensing films.
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Figure 6. Sensitivity of the sensor films with different composition in accordance against CO gas at
the working temperature 200 oC.
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Figure 7. The response transients of sensors to 50 ppm and 100 ppm CO gas at the working
temperature 200 oC.
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Conclusion

SnO2 and In2O3/ SnO2 nanocrystalline powders were prepared by the sol-precipitate method and
heat-treatment. The nanocrystalline powders were proved to be of rutile structure. The samples with
smaller particle size make XRD pattern broader because of the small size effect of nanoctystalline.
From DTA results, it is shown that the nanocrystalline powders are formed from the SnO3H2 colloidal
precipitate through dehydration at different temperatures.

A high-performance CO sensor based on a simple device utilizing SnO2 or In2O3/ SnO2

nanocrystalline material with PdOx was fabricated and demonstrated. The CO sensing characteristics
including CO detection sensitivity and transient responses of the sensor device under different CO
concentrations were measured and investigated. The sensor based on of 5 wt% In2O3/ SnO2 (1 wt%
PdOx) nanocrystalline film prepared by sol-precipitate method has shown high response and good
sensitivity to CO at low temperature (200 °C). The response time is about 8 s and recovery time is
shorter than 10 s in presence of 50 ppm CO gas. This sensor can be a promising practical device for
the low concentration CO gas detection. In the future, we shall report the selectivity and long-term
stability test of In2O3/ SnO2 system micro gas sensors.
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