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Abstract: A series of xSnO;(1-x)Pt nanopowder (x = 1, 0.995, 0.99, 0.985, 0.98) was calcinated at
950 °C, mixed with an organic vehicle, printed on premade silver electrodes, and fired at 650 °C.
Microstructural, morphological, and elemental properties of the mixed powders and films were
determined by using XRD, TEM, SEM, and EDX. Samples were exposed to ethyl alcohol, xylene,
methanol, isopropanol, acetone, isobutane, and truck exhaust fumes, at wide range of operating
temperature, and sensitivity as well as response time of the samples were measured and compared with
Taguchi Gas Sensors of TGS2602 (air contaminants), TGS3870 (CO), and TGS4160 (CO,). It was
discovered that crystallite sizes of SnO, powder and response times of samples are decreased with
increasing Pt contents, whilst sensitivity is increased. Measurements are shown that 1 wt.% Pt loaded
sensor, operating at 300 °C, can detect exhaust gas with high differentiating between the applied gases.
Copyright © 2011 IFSA.
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1. Introduction

Tin dioxide, an n—type semiconductor [1], is one of the metal oxide semiconducting materials with
many promotions for gas detection. The sensitivity and response time of a thick film gas sensor based—
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on SnO, can be promoted with the small amount of additives of noble metals such as Pd [2], Ni [3, 4],
Au [5], Pt [6-10], and Ag[11, 12].

There are many results reported in literatures that show the selectivity, sensitivity, and operating
temperature of a SnO, based—gas sensor is improved with addition of small quantity of platinum.
Olvera et al reported that 3 wt.% platinum added into SnO; can increase the conductance of the sensor
more than two order of magnitude for low CO partial pressures in contrast with pure SnO, [7]. Ivanov
et al reported highly increasing in detection of 1000 ppm ethanol for 3 wt.% platinum paste mixed
with SnO, paste and a modification of operating temperature [8]. Three ranges of gas sensitivity due to
concentration of platinum in SnO, in presence of 300 ppm of CO also reported by Tadeev et al: (1)
less than 0.6 at.% in which the conductivity of sensor in similar to undoped one, (2) between 1
to 2 at.% the sensitivity is high at low operating temperature, and (3) above 2 at.% is resulted in a grow
of Pt nanoparticle sizes and a week transition from metallic to oxidize state of Pt aggregates under the
change of the gas phase composition from air to CO+air and, hence, in a loss of gas sensitivity [10].
Yu et al showed that the 2 wt.% Pt—doped into SnO, has better sensitive property to alcohol at higher
concentration than 10 vol.% [13]. Also the effect of platinum addition in the morphology of the SnO,
films reported by Bittencourt et a/ in which the mixing 2 wt.% of Pt paste with SnO; paste is shown
more homogeneous distribution of the Pt atoms in the resulting film in comparison with RF magnetron
sputtering [14].

In addition to types of additive, different firing temperatures and firing periods of time for SnO, have
been reported in the literature. Licznerski et al reported a firing temperature of 850 °C at different
periods of time up to 2 hours, resulted in low resistance and good long term stability of the SnO,/Pt gas
sensitive layer for the firing time longer than 30 min [15]. Ansari et al presented a range of tin oxide
calcination from 300 to 950 °C, in which a calcination temperature of 800 °C caused the only
tetragonal peaks of tin oxide observed, where the maximum sensitivity of the sensor is obtained at
calcination temperature of 500 to 650 °C and a firing temperature of 850 °C for 20 min [16]. Garje and
Aiyer studied the effect of firing temperature of nano—SnQO, thick film sensors in the range of
425-850 °C, where the different crystallization pattern of SnO, from tetragonal to orthorhombic
observed due to firing temperature [17]. They showed that the highest sensitivity of the SnO; thick
film sensor in detection of CO, H,, and LPG is obtained at firing temperature of 750 °C for 15 min
with an ascent and descent time of 15 min [18]. Williams and Keeling reported a thick film tin oxide
sensor, fired at 600 °C for 2 hours, can guarantee the CO sensitivity of the sensor at low operating
temperatures [19]. Mochida et a/ studied a range of calcination temperature from 500 to 800 °C and
reported that the sensitivity and the selectivity of thin SnO, films to H,S are improved by increasing
the calcination temperature from 500 to 600 °C, where the maximum sensitivity, selectivity, durability,
and stability obtained at firing temperature of 600 °C for 1 hour [20]. Ivanov et al reported an ethanol
gas sensor based on Pt/SnO,, and kept the annealing temperature as low as 600 °C in order to solve the
trade—off between film stability and sensitivity towards ethanol [8].

In the present work, microstructural, morphology, structural, and gas sensitivity properties of
xSnO,(1-x)Pt thick film gas sensor (x = 1, 0.995, 0.99, 0.985, 0.98) is studied. Firing temperature of
the sensitive layer is kept at 650 °C to decrease the film roughness and increase the sensitivity, rather
than the film stability.

2. Experimentation

Commercial SnO, nanopowder (Sigma—Aldrich, < 100 nm) was equally divided into five samples
of A ~ E. Whilst sample A was kept pure, samples of B through E were mixed ultrasonically with 0.5,
1.0, 1.5, and 2.0 wt.% platinum powder (Aldrich, 2.7~4.7 micron, 99.9 %), respectively. All samples
were sintered at 950 °C for 4 hours, milled using a lab-made ball mill for 24 hours in presence of
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acetone as medium and different size of ceramic balls, and dried in an oven. Afterwards, samples were
ground using an agate mortar and sieved inside a stainless steel sieve (aperture size = 6.3 pm),
separately. Compositions and nanostructure of the samples were investigated by using XRD (X—Ray
Diffractometer, X’PERT PRO PW3050, Spectris PLC—Holland) performed with Cu radiation as anode
material from peak position of 26 = 10.017° to 79.944° (Step Size 260 = 0.033°, Scan Step
Time = 19.685 s, Operating Voltage = 40 kV, Operating Current = 30 mA, Divergence Slit
Size = 0.0286°, and A = 1.542 A). A TEM (Transmission Electron Microscopy, Hitachi H7100, Japan)
analysis was performed to investigate particle size of samples. Then, the samples were ultrasonically
mixed with 15 wt.% PbO free glass powder (V1405, VIOX-USA), followed by 2 hours milling. An
organic vehicle binder based on a—terpineol, m—xylene, and ethyl cellulose was prepared by stirring,
reported elsewhere [21, 22], was added to each sample and mixed using agate mortar to obtain a
homogenized paste, and kept at temperature about 20 °C in the shelf.

A platinum heater was printed on one side of Al,O3 substrate (ADS996-STD 60x50%0.25 cms,
CoorsTek, USA) using commercial platinum paste (ESL-5545, Electrosience Lab Inc., UK), followed
by 10 min leveling time at room temperature, 12 min drying time at 125 °C inside a UV-belt furnace
(DeK J HD—450, Japan), and 15 min firing time at 980 °C inside a box furnace (HT4-1600-SIC,
Malaysia) with an ascent and descent rate of 65 °C min ' as per the datasheet (5545 0305—C). Silver
electrodes were printed on the other side of the substrate using silver paste (ESL-9912A, Electrosience
Lab Inc., UK), left at room temperature for 10 min, dried in the belt furnace at 125 °C for 12 min, and
fired at 850 °C for 10 min with an ascent and descent rate of 55 °C min ' suggested by the datasheet
(9912—-A 9810-C).

A rectangular pattern (6.5x4.8 mm®) was transferred into a polyester screen mask (mesh count: 145,
angle: 22.5°, tension: 25+£2 newtons, emulsion thickness: 10+2 um) and the prepared pastes were
printed onto the silver electrodes using the mask. Films, then, left at room temperature for 30 min,
dried in the belt furnace at 50, 100, and 150 °C; for 5 min respectively, and fired in a tube furnace
(TF70-1500-SIC, Malaysia) at 650 °C in air for 10 min. Aluminium wires were attached to the heater
and electrode contacts and soldered to pins of a carrier. Fig. 1 shows the profile of thermal treatment
applied during drying and firing processes. Fig. 2 shows the structure of the fabricated sensor.
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F —o— Sensitive Layer, Drying

600 ; ff’z ﬁe@;&%ﬁ;_ e e L
Y FaRN
7\ N

0 10 20 30 40 50 60
Time, (min)

[~}
S
(=]

Temperature, (°C)

[

S

=
I

Fig. 1. Profile of thermal treatment for sensor layers.

Eventually, sensors were exposed to different concentrations of ethyl alcohol, xylene, methanol,
isopropanol, acetone, isobutane, and truck exhaust fumes under controlled humidity of 55 % + 2 %
inside a 6860 cc test chamber. Nitrogen was used for purging before exposure and gases were applied
using a 5 ml Hamilton syringe. Resistance of the sensors (Rs) was measured across the electrode
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contacts in presence of fresh air (R,) and in presence of the applied gas (R,), and sensitivity of each
sensor was presented as %S = Ra/Ry,x100. Sensitivity and response time of sensors were derived from
measuring the voltage across a load resistor in series with Ry and compared to the responses of
TGS2602, TGS3870, and TGS4160.

Fig. 2. Structure of sensor: (a) heater side: 1. Pt heater, 2. Heater contact, 3. Al wire, 4. Soldered pin,
and (b) sensing side: 5. Sensing layer, 6.Electrode contact, 7. Carrier.

3. Results and Discussion
3.1. X-ray Diffraction Studies

Fig. 3 shows the XRD patterns of all samples adapted with JCPDS files of 001-0625, 001-0657, and
003—-0439 for SnO; and 041-1445 and 004-0802 for Pt. In all the patterns, broad diffraction peaks of
the tetragonal SnO, can be seen at about 26 = 26.43°, 33.72°, 37.80°, 39.04°, 51.61°, 54.61°, 57.69°,
61.73°, 64.61°, 65.81°, 71.13°, and 78.58° attributed to (110), (101), (200), (210), (211), (220), (002),
(202), (310), (112), (301), (321) planes, respectively. The peaks corresponding to addition Pt also are
ascribed to (111), (200), and (220) lattice planes at position about 26 = 39.87°, 46.36°, and 67.45°,
respectively.

The average of crystallite size of SnO; and Pt can be determined from the Scherrer Equation (Scherrer
Constant K = 0.94 and 1 = 1.542 A) described elsewhere [23], where the width of each peak,
(full-width—at-half~maximum, FWHM), corresponds to the position of the peak, 26:

K
Lcos

FWHM

(1.a)

then:

K
oS

L (1.b)

Table 1 shows the maximum, minimum, and average values of crystallite size of the SnO, and Pt
determined from the Scherrer Equation for all peaks of SnO, and Pt in Fig. 3a, with noticeable
reduction of crystallite size corresponding to ratio of Pt.
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Intensity (arb. units)

Intensity (arb. units)

Fig. 3. (a) X—ray diffraction patterns of pure SnO, powders (E) compared to SnO, loaded with different
concentration of Pt sintered at 950 °C, (b) Example of phase shift and FWHM changes of the XRD peaks due to
level of Pt addition, higher concentration of Pt, lower the peak position and wider the FWHM, decreasing the

Table 1. Crystallite sizes of SnO, and Pt in xSnO,(1-x)Pt samples determined from Scherrer Equation
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crystallite sizes of SnO,. Numbers in brackets show lattice planes.

(Scherrer Constant of 0.94 and 1 = 1.542A).

Sample X Sensor Crystallite Size SnQ,/Pt, (nm)
Code Min. Ave. Max.
A 1.000 Sn-01 9.987/— 14.829/— 19.744/—
B 0.995 | SnPt-995 | 9.651/28.142 | 14.432/30.561 | 19.206/33.024
C 0.990 SnPt-99 9.483/27.696 | 14.937/30.202 | 19.278/32.747
D 0.985 | SnPt-985 | 9.232/27.341 | 14.571/29.840 | 18.702/32.401
E 0.980 SnPt-98 9.021/27.105 | 14.311/29.413 | 18.147/31.720

3.2. Transmission Electron Microscopy (TEM) Studies

Fig. 4 shows the micrograph of TEM results. The average particle sizes observed in TEM results are
given in Table 2. Platinum content is altered the particle size of samples, in which more Pt gives
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smaller size of particle. Furthermore, it can be seen that in the TEM result the size of particles are
larger than the crystallite sizes calculated in the XRD results, because the scattering in XRD measures
the average lengths between the particle defects whereas TEM gives straight measurement of particle.

P .
66.63nm

100nm

Fig. 4. TEM micrograph of xSnO,(1-x)Pt for (a) x = 1, and (b) x = 0.99, and (c¢) x = 0.98.
Platinum content reduces the average grain size of SnO, particles.

Table 2. Average particle size of xSnO,(1-x)Pt samples observed in TEM.

Sample X Sensor Average Particle
Code Size, (nm)
A 1.000 Sn-01 99.26
B 0.995 | SnPt-995 83.04
C 0.990 SnPt-99 77.14
D 0.985 | SnPt-985 64.21
E 0.980 SnPt-98 53.72

3.3. Scanning Electron Microscopy (SEM) Studies

Fig. 5 shows SEM micrographs taken from surface of pure and loaded films. The SEM micrographs
show the presence of tin oxide having granular structure with hexagonal features and almost uniformly
distributed particles on the surface. The average grain sizes observed from Fig. 5a and 5b is grown in
comparison with TEM results because the grains are surrounded with melted glass binder, converted
into bigger size with a homogeneous dimensional distribution. The bigger and brighter spots in the
clusters in Fig. 5c and 5d present the Pt, distinguished by dot selecting in EDX analysis. An almost
uniform distribution of platinum in surface of the films was observed. Surface porosity of the samples
almost ranges between 250 ~ 450 nm.

3.4. Energy Dispersive X—ray (EDX) Studies

Fig. 6 shows the EDX pattern of SnO, film with 1 wt.% loaded Pt, taken from 17x17 pm?® area of the
surface. The elemental analysis shows elemental composition of glass powder including Al, Si, Bi, B,
and Sb, and the composition of sensing film comprise of SnO, and Pt. The presence of carbon is due to
carbon tape used to attach the samples to the platform. Neglecting all elements but Sn and Pt, is
resulted in the elemental composition of the sensitive film, which has summarized in Table 3.
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Fig. 5. SEM micrograph of xSnO,(1-x)Pt films for (a) x = 1, (b) x =0.995, (c) x = 0.99, and (d) x = 0.98.
For the sensor code see Table 1.

Fig. 6. EDX elemental result at 17x17 um? area of film surface of 1 wt.% Pt loaded SnO, sensor.
The presence of carbon is due to the carbon tape used to firm samples to stage.
Other elements show compositions of the glass powder used as binder.

Table 3. Elemental analysis of 0.995r0,0.01Pt.

Element | Weight% | Atomic%
Sn 98.43 98.85
Pt 1.57 1.15

3.5. Gas Sensitivity Performance of the Sensors

The performance of the sensors was investigated versus operating temperature at relative humidity of
RH =55 % £ 5, in presence of 1000 ppm of ethyl alcohol, m—xylene, methanol, isopropanol, acetone,
isobutane and truck exhaust fumes as shown in Fig. 7. All of the samples were sensitive to the applied
gas with different sensing factor. Operating temperature for detection of 1000 ppm ethyl alcohol,
methanol, and isopropanol (alcohol family), acetone (a ketone), and xylene (a hydrocarbon) is located
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at 410 = 10 °C, whilst operating temperature of 380 + 10 °C and 300 + 10 °C was observed for
detection of isobutene and exhausts fumes, respectively.

o (@) |-%-Sn-01 800 E(b) N
F (a n- E
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700 o =< SnPt-99 )\ C =4~ SnPt-995 / / )é\\tg&/
o E - SnPt-985 / f/ > & 600 T —< SnPt-99 X
S 600 £ -©- SnPt-98 % s00 — SnPt-985 //é\
£ 500 £ 2500 T =-snPeos N
£ 400 £ 1000ppm £ 400 -
z [ Ethyl Alcohol 2 I
500 N 5300 :
200 200 T
100 + f—— 100 + ; ——t
0 100 200 300 400 500 0 100 200 300 400 500
Temperature, °C Temperature, °C
1100 T 1300
F(© — /\ @ [ -®sn-o01
N Sn-01 T\ 1100 —— SnPt-995
. 200 s is;.m-”s // / o . E —< SnPt-99 / m
NS L SnPt-99 X 900 - g
DR R e /AN N N B A
= N -©- SnPt-98 A 2 700 + A~
Z 500 L = E 1000ppm =
-g; I 1000ppm g 500 |+ Tsopropanol
5 [ Methanol 5 u
«©n 300 4 wn 300 I
100 A 100 + p—
0 100 200 300 400 500 0 100 200 300 400 500
Temperature, °C Temperature, °C
1300 I
1100 £ © | snon 130030 - Sn-01 ﬁ %
- —— SnPt-995 1100 £ —— SnPt-995
[ =< SnPt-99 o L =< SnPt-99
5 900 ¢ 5 SnPt-985 5 900 + —% SnPt-985
@ . - SnPt-98 “ 5
- [ n I -©— SnPt-98
& 700 + £ 700 £
> C = E 1000ppm
= r 1000ppm = F PP
g 500 +—— Acetone g 500 + Isobutane
Q o %) L
2 300 £ 2 300 £
100 F TR R R S 100 + s}
0 100 200 300 400 500 0 100 200 300 400 500
Temperature, °C Temperature, °C
700
L (@
i AN
[ | - Sn-01
3% 500 | = SnPt-995 a2
- [ | =< SnPt-99
£ 400 | ¢ SnPt-985
& t | -©- SnPt-98
Z 300 T
g C
1) L 1000ppm
200 _; Exhausts Fumes
100 + —t

0 100 200 300

Temperature, °C

400

Fig. 7. Sensitivity of sensors to 1000 ppm (a) ethyl alcohol, (b) xylene, (c) methanol, (d) isopropanol,
(e) acetone, (f) isobutane and (g) exhaust fumes, versus operating temperature (RH = 55% £ 5).
For the sensor code see Table 1.

On adsorption of alcohol molecules, dissociative and molecular adsorption takes place. Alcohol
molecules tend to dissociate a hydrogen atom to form a surface alkoxide to be transformed further into
an aldehyde or a ketone, and probably, a surface hydroxyl like a monovalent OH. This phenomenon
happens via breaking of the O—H bond of alkyl-hydroxyl chain of alcohol, leading to an adsorbed
methyl—chain bound to oxygen species and a hydroxylated bridging oxygen atom resulted from
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conversion of a —CH into a —COH. The result of breaking O—H bonds is led to increase of O and
O ions on the surface of SnO,. These ions can be attracted as a lone pair by outer incomplete orbital
of SnO,, 5s25p2, resulted in decrease of film resistance. Acetones as a ketone, and xylene and
isobutane as hydrocarbon, have similar adsorption mechanism to alcohol, however, transforming into
ketone and hydroxyl form, put them one step in advance of alcohol. The difference between optimum
operating temperature of alcohols—xylene and isobutane, where the maximum sensitivity takes place, is
probably due to their state of matters. Since alcohols and xylene were applied in the liquid form and
isobutane was applied in the gas form, probably lower oxidation temperature is needed for the
isobutane. From Fig. 7, whilst sensors are less sensitive to xylene and ethyl alcohol, more sensitivity of
the sensors to isopropanol can be observed.

The inorganic gas molecules contained in the exhaust fumes, contain Hy, N, CO, and CO; ranges from
0.001% to 0.015%, cause a complicated adsorption mechanism on the surface of SnO,. From the
physisorption sight of N, every six coordinated Sn site probably can be occupied by one N, molecule;
resulted in lateral repulsion between Sn molecules. CO and H; in form of CH chains adsorb the free
oxygen ions to form H,O, and CO; releases double ionized oxygen vacancies. Those reactions causes a
reduction in the film resistance as can be seen in Fig. 7g.

Table 4 shows the sensitivity of each sensor to the applied gas at working temperature of 300 °C. For
comparison, sensitivity of three commercial Taguchi gas sensors, TGS2602, TGS3870, and TGS4160,
to the target gases is also presented. Note that heater of the commercial sensors was supplied according
to the datasheet and do not necessarily operate at 300 °C. From this table, it can be seen that the
1.5 wt.% Pt loaded sensor (SnPt-985) has almost same sensitivity to 1000 ppm methanol, acetone,
isobutane, and exhaust gas. Also sensitivity of SnPt-98 to methanol is nearly closed to isopropanol,
acetone, and exhaust gas. Pure sensor and SnPt-995 also have almost same sensitivity to acetone and
exhaust gas. Therefore, in order to detect the exhaust gas and decrease the effect of cross sensitivity,
SnPt-99, working at 300 °C, was chosen and its response versus the commercial sensors was studied as
follow.

Table 4. Sensitivity of sensors working at 300 °C to 1000 ppm of target gases. For the sensor code see Table 1.

Target Gas

Sensor

Code Alijctf)llyl:)l Xylene | Methanol | Isopropanol | Acetone | Isobutane Exéz:st

Sn-01 2.50 2.05 2.68 2.68 3.95 3.45 3.93
SnPt-995 2.88 3.02 3.56 2.71 4.82 4.11 4.97
SnPt-990 3.63 3.72 4.23 4.02 5.05 5.1 5.95
SnPt-985 4.53 4.71 5.46 6.07 5.77 5.84 5.72
SnPt-980 5.44 5.38 6.42 6.85 6.85 7.02 6.55
TGS2602 3.68 4.12 4.37 4.46 5.38 5.01 5.30
TGS3870 2.03 245 2.33 2.66 2.29 2.72 2.45
TGS4160 1.74 1.87 1.69 1.9 1.95 2.22 34

Fig. 8 shows the sensitivity of SnPt-99, working at 300 °C, to ethyl alcohol, xylene, methanol,
isopropanol, acetone, isobutane, and exhaust gas, in comparison with sensitivity of the commercial
Taguchi gas sensors. From this figure, two region of sensitivity can be observed: below than 1000 ppm
and above 1000 ppm. While in the former region, SnPt-99 has almost same or slightly less sensitivity
than TGS2602, in the latter the ratio is more than the commercial sensors, promises high sensitivity to
air pollution at concentration above of 1000 ppm.
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Two types of sensitization mechanisms, chemical and electronic interactions, are assumed for the SnO,
loaded with noble metals. In the chemical interaction, additives activate reactants and the conductivity
is changed due to change of oxidation state of SnO,. On the other hand, in the electronic interaction,
additives donate electron donors or accept accepters to/from SnO,, and conductance is changed due to
oxidation state of additives. Respect to the relation of conductivity with donors and acceptors
interchanging in semiconductors, which is exponential, it can be seen that the rate of resistance
reduction in Pt-SnO, is linearly changed with increasing both operating temperature (Fig. 7) and gas
concentration (Fig. 8). Since the oxidation of platinum occurs at elevated temperature, it can be
assumed that in the thick Pt-SnO, films in presence of the target gas, the chemical interaction takes
place more than the electronic interaction.
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Fig. 8. Sensitivity of SnPt-99, working at 7=300 °C and RH = 55 % =+ 5 to: (a) ethyl alcohol, (b) xylene,
(c) methanol, (d) isopropanol, () acetone, (f) isobutane, and (g) exhaust gas,
versus sensitivity of TGS2602, TGS3870, and TGS4160.
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Fig. 9 shows the setup electric circuit for measuring sensors response. For measuring, a fixed DC
voltage (Vin) was applied across the sensor resistor (Rs) in series with a load resistor (Rr) and voltage
across the load resistor (¥) was measured. Fig. 10 shows a sample of sensor signal in presence of
500 ppm exhaust gas. Response time (#), determined as the interval time from 10 % to 90 % of sensor
signal, shows #; = 28 sec for the commercial sensor (baseline at 130 mV and maximum amplitude at
595 mV, makes a difference of 465 mV, therefore 10 % and 90 % of the difference gives 46.5 mV and
418.5 mV, added to baseline yields 177 mV and 549 mV). Table 5 shows the response times of the
fabricated versus response time of TGS2602 in presence of 500 ppm exhaust gas.

Table 5. Response times of different samples versus response time of TGS2602
in presence of 500 ppm exhaust fume.

Fig. 9. Electric circuit setup for measuring sensor signal.
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Signal Parameter Sensor
g Sn-01 | SnPt-995 | SnPt-99 | SnPt-985 | SnPt-98 | TGS2602
Baseline, mV 300 348 401 421 366 130
Maximum, mV 668 909 968 977 1008 595
Difference, mV 368 561 567 556 642 465
10 % signal, mV 367 404 458 477 430 177
90 % signal, mV 629 853 911 922 944 549
t19, SEC 1676 1676 1677 1674 1673 1664
top, SEC 1726 1708 1704 1692 1688 1692
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Fig. 10. Response sample of sensors exposed to 500 ppm exhaust gas versus response of TGS2602. Operating

temperature and relative humidity for the sensors were kept at 300 °C and 55 %, respectively.
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A comparison between response times of fabricated sensors from Table 5 shows that increasing the
platinum content decreases the response time. In presence of exhaust gas, the Fermi level of SnO,
would shift upward to be pinned at the level of metallic platinum, Pt’, resulting in decrease in Schottky
barrier and therefore decreasing the generation time of excess electrons participated in surface
reaction. Also, from Fig. 10, it can be seen that the response time of sensors is less than one minutes,
but the recovery time is much longer than 3 minutes. This was expected because contaminants such as
exhaust gas tend to adsorb on sensing layer faster than they tend to be desorbed. While the sensors
were tested at 300 °C, higher temperatures might be needed to desorb all the remaining contaminant
molecules from the surface of sensor and accelerate the desorption process.

4. Conclusions

SnO, based gas sensor is sensitive to certain gas by changing the surface conductivity of the oxide
semiconductor. Sensitivity to certain gases can be increased by choosing a proper ratio of an additive.
In this work, we examined the microstructure and gas sensitivity effects of SnO, loaded with different
ratio of platinum. Microstructural analysis shows growth of both crystallite sizes and grain sizes in
pure film. The growth of grain sizes then is decreased when platinum is loaded, with an average grain
size varied between 45 to 100 nm. Films were exposed to types of alcohol (ethyl alcohol, isopropanol,
and methanol), hydrocarbons (xylene, isobutane), a ketone (acetone), and mixture of inorganic gases
(exhaust gas), and it was realized that Pt loaded SnO, films are very sensitive to the gases compare to
pure film. Beside, a reduction in the operating temperature at maximum sensitivity of the films to each
gas, due to the presence of Pt, is observed. The improved sensor performance of platinum doped SnO,
over pure SnO; is due to the chemical interaction of Pt with the gas species to be detected. It was also
discovered that the response time of Pt loaded SnO, is decreased with increasing the ratio of Pt.
The 1 wt.% Pt loaded SnO,, working at 300 °C, was chosen for measurement and it was found to be
very sensitive to exhaust gas, with low response time.
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