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Abgract: Stannic oxide thin films activated by paladium were prepared by sol-gd method. The
morphology of the layers and the dze of the paticdes were investigated by scanning dectron
microscopy and aomic force microscopy. Investigations showed that the number of coating,
annealing procedure and the viscodty of the sol, affect structure and thickness of the layers. These
different preparing conditions result in different change in reggivity of the samples toward methane
gas. In addition to these parameters, the Pd/Sn aomic ratio in the sol is another effective factor on
sengtivity of methane.

K eywords. Methane sensor, SnO, nanoparticle, Paladium, Sol-ge

1. Introduction

Methane is the principle component of naturd gas and when it burns, is a cleaner source of energy
than coad and ail. In Iran, this gas is used in various fidds especidly for domestic application for
hesting and cooking extendvely. Therefore, methane lesk should be avoided because
concentrations of methane in dry ar exceeding 5% ae essly flaomable and highly explosve
Consequently, detection and monitoring of this gas in the vicinity of methane pipes in homes by a
low cost sensor has received more attention.
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Metal oxide semiconductor gas sensors have been largely employed for the detection of toxic and
explosve gases in ar. Among the meta oxides, tin oxide (SnO,) is the most used materid in
chemicd gas sensors due to its high sengtivity at reaively low operating temperature. In fact,
commercidly avalable gas sensors are mainly based on this materid. Moreover, it has been shown
[1-3] that sensng materid in the nanoparticle phase improves the sengtivity of chemica sensors.
Among the severd techniques for the preparaion of thin film tin-oxide (e.g. RF sputtering, eectron
gun evaporation, PVD, RGTO, etc) as a gas sensor, sol-gd technology has won the scientific
interest because of its advantages mainly related to the low cost of nanoparticles production [3-11].

In this work, we produced sol-gd derived SnO, thinfilms Snce the introduction of smadl
quantities of Pd to tin-oxide increases the sengtivity to methane and the sensor can be operated at
lower sensing temperature [7, 12], we added paladium to the sol. The effect of number of coating,
anneding procedure, concentration of the pdladium in the sol and viscodty of the sol on the film
sengtivity toward methane were investigated.

2. Experiment

Pure SnO, sols were prepared starting from anhydrous SnCl, (99% Merck), water, propanol (Cs Hy
OH), isopropanol (2-C; H; OH), in the fdlowing molar raios SnClh/H,O/C3H7OH/2-
C3H;0H=1:9:9:6. For this purpose, SnCl; was dropped into two-third of the totd amount of
propanol. An exothermic reaction took place. After cooling down the solution, one third of the totd
water was dissolved in the remaining propanol and added dropwise for prehydrolisis of the Sn
precursor. The prepared sol was girred with dirrer for 1h. Then this sol was mixed with a solution
that it was prepared with the remaining amount of water dissolved in tata amount of isopropanol,
followed by 1h girring. For the activation process, the paladium acetate dissolved in acetone added
to the pure sol with different Pd/Sn atomic ratio and for preparing sol with different viscosty,
acetone was added to the sol.

After a suitable cleaning procedure on AlLOs; substrates (10x10 mm?), the prepared sol was
deposited by spinning a 3000rpm. After the depostion, the sendtive layer was dried for 20 min at
100°C and was annealed at 600°C for 1h. For deposition of more layers, two procedures were used.
In procedure A, dfter the layer deposition and drying for 20 min at 100°C, the subsequent layers
were deposited and dried. Annedling a 600°C for 1h was done in this procedure as a fina sequence.
In procedure B, each layer was deposited, dried for 20 min at 100°C and annealed at 600°C for 1h
and this sequence repested for subsequent layers.

Atomic force microscopy (AFM) was done in the ambient amosphere (Autoprobe CP, Vecco
company) with a S cantilever. Scanning eectron microscopy (SEM) and energy dispersve x-ray
andyss (EDAX) were paformed in a SEM1455 (VP, LEO company) microscope. For viscosty
measurement an Ostwald viscometer was used.

For messuring the sengtivity toward methane, diluted gas with dry air was utilized. Samples with
Ti/Au interdigitated eectrodes were placed in a test chamber and diluted gas with the rate of
250 sccm was passed over them. During operation, the sensors were heated to a desired
temperature. For measuring sengtivity a 100-10000 U resistor was connected in series with the
sensor dong with a congtant dc voltage supplier and a 2 V voltage was applied between the sensors
and resgtor. The sendtivity defined asS=(V, ,/V,)-1 thaV, ., V,  are the resstor voltage in the

absence and presence of gas, respectively.
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3. Results and Discussion

Fg.l shows the SEM images of SnO,—Pd (Pd/Sh =0.02) thin films after two-layer depostion by
procedure A (Fig.1a) and procedure B (Fig.1b). Both images illustrate a rough surface. However,
the roughness of these two surfaces is lower than the roughness of aumina substrate. Moreover, it
can be observed that procedure A causes many cracks on the surface. EDAX investigations were
made in order to get semi-quantitetive information on the film compostion. Fig. 2 reports an EDAX
spectrum which was taken from the sample of Fig.1b.This spectrum shows the presence of C, O, Al,
Pd and Sn. The Al and C peaks come from the dlumina substrate and contamination respectively.

Cageat 8= ATIE  Dams of 4 SO0G
Piosiig e = 5l Tiew miab Gl

Fig. 2. EDAX spectrum of the samplein Fig. 1b.

Atomic Force Microscopy gives us information about the grain sze of the paticles in the layer. Fig.
3 illugtrates one of the AFM images from the SnO,—Pd (Pd/Sn =0.02) surface after the deposition of
two layers by procedure B. “Scanning Probe Image Processor” SPIP) software helped us to derive
the average sze of SnO; particles in Fig. 3. By taking image from different parts of the surface and
deriving the average size of particles in each image by foregoing software and averaging over these
Szes, the average sze of SnO, particles in each sample was cdculated. Table 1 shows these
averages for some samples. It can be seen tha the average size of the grains increases by increasing
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the number of layers in procedure A. However, in procedure B, this Sze remains nearly congtant by
increasing the number of layers, changing the paladium concentration in the sol and viscosity.

Fig. 3. AFM image of the samplein Fig. 1b.

Table 1. Average particle size for some samples calculated by SPIP software.

. . : Particle size
Sample Number of Annealing ¢ =Pd/Sh Viscosity (AFM results)
layers procedure (cP)

(hm)
S1 1 0.02 155
S2 2 A 0.02 22.0
S3 2 B 0.02 15.7
A 3 A 0.02 31.0
S5 3 B 0.02 154
S6 2 B 0.05 3.15 15.6
S7 2 B 0.05 2.72 15.9
S8 2 B 0.05 2.15 16.0
9 2 B 0.05 1.05 16.0

Fg. 4 illudraes the change in voltage of the resstor, which was sarried by a one-layer SnhO,—Pd
(Pd/Sn =0.02) obtained with 1000ppm CH, at 350°C. After exposure to methane, the resigtivity of
thin film sensor decreases and consequently the voltage of serried resistor increases and reaches a
saturation value. When dry ar is introduced, the voltage gpproaches to the origind values. The
response time (time to reach 90% of change in voltage) and recovery tme (time for reach 60% of
change in voltage) to this concentration of methane are 100s and 20s respectively.
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Fig. 4. The voltage of the serried resistor with a one-layer SnO,-Pd (Pd/Sn=0.02) toward 1000 CH,
at 350°C.

Fig. 5 compares te sngtivity of ShO,—Pd (Pd/Sh =0.02) samples, which have different number of
layers or different annedling procedure toward 1000ppm CH, at different temperatures. All samples
have sendtivity to methane that increases with increasing temperature up to 350°C, and decreases
for temperature higher than this value. This result is in harmony with the observations of Cabot et
a. that the Pd-SnO, has the maximum sengtivity to methane a around 330°C [7, 13]. Furthermore,
the figure demondtrates that adding the number of layers by procedure A decreases the sendtivity. It
Is likely related to the grain Sze of paticles As it was extracted from AFM images (Table 1),
adding the number of layers by procedure A increases the grain sze of paticles and it is wdl
known that the reduction of particde sze in ShO, layer, leads to improvement in sengtivity of
samples [1-3]. Therefore, we can relate the decrease in sengtivity in these series of samples to the
increese of paticle sze. However, this growth of the grain sze is not due to adding the number of
layers in procedure B (Tablel). It seems that in this series two-layer sample has the optimum
thickness for sendng methane gas.

—i— 1-layer
—0— 2-layer,
proc. A

3 F —=— 3-layer,
proc. A
—&— 2-layer,
2l proc. B
—— 3-layer,

Sensitivity (AV / V)

0 L L L L 1
250 300 350 400 4580

Temperature(°C)

Fig.5. Sengtivity of SnO,—Pd (Pd/Sn =0.02) samples, which have dfferent number of layers or different
annealing procedure toward 1000ppm CH, at different temperature.
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The sengtivity of sampleswith different amount of Pd in their sol toward different concentration of
CH, at 350°C isshown in Fig. 6. These data demonstrate that the introduction of 5% of Pd to tin-
oxide isthe optimum vaue for increesing sengtivity.

co
T

—&— 5000ppm
—— 3000ppm
—#— 1000ppm

(e}
T

Sensitivity (AV / V)

0 L L L L L
000 005 010 015 020

Pd/Sn

Fig. 6. Senditivity of SnO,—Pd samples toward different concentration of CH, at 3500C versus the Pd/Sn
atomic ratio in the sol.

Our invedigations demondrated that the viscodty of the sol is another effective factor on
sengtivity. Fig. 7 illudrates the sengtivity of samples, which were prepared with different sol
viscosity toward different concentration of methane a 350°C. At firs by decreasing the ol
viscosty from 3.15cP to 2.15cP, the sengtivity of samples increases and reaches the maximum. By
decreasing this vaue more, the sengtivity decreases. Since the grain sSze of these samples is nearly
the same (Table 1), the origin of different sengtivity is important to understand. In addition to
senditivity, the resistance of these samples in dry ar a& 350°C is shown in Fig. 7. As illustrated, the
resstance increases by decreasing the viscodty. It seems that this phenomenon arises from the
decrease in thickness of layers. To confirm this idea, we determined the thickness of the film by
usng the AFM scratch test. The results of these tests showed that by decreasing the sol viscosity
from 3.15 cP to 1.05 cP, the thickness of the film decreased from 633nm to 481nm. Thus, the
maximum sengitivity versus viscosity islikey reaed to the optimum thickness of the layer.

15 } 415
—
- —
T 12 N G
> =
<] -~ 110 F
—  9F [&]
2 g
2 6fF Foo——— @
= —%— 5000ppm 415 '@
L —v— 3000ppm N L
© 3 —=— 1000ppm .
w —{— Resistance e |

O I [l [l I I 0

05 10 15 20 25 30
Viscosity (cP)
Fig. 7. The Sengitivity and resistance of SnO,—Pd (Pd/Sn=0.05) samples toward different concentration of
CH, at 3509C versus the viscosity of their sol.
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4. Conclusions

Stannic oxide thin films samples activated by paladium were prepared by sol-gd method. AFM
images showed tha the sze of the particles is aout 15-30nm. Investigations demondtrated that the
number of coating, annedling procedure and the viscosty of the sol, which affect on the size of
particles or thickness of the layer, are effective factors on sengtivity toward methane. Moreover, the
Pd/Sn aomic ratio in the sol is another important factor to specify the responses to this inflanmable
gas.
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