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Abstract

This study investigated sensitivity of the gas sensor to chemical weapons with the sen—
sor material doped with catalysts. The nano-sized SnO2 powder mixed with metal oxides
(Ti02) was doped with transition metals(Pt, Pd and In). Thick film of nano-sized SnO2
powder with TiO2 was prepared by screen-printing method onto Al203 substrates with pla—
tinum electrode and chemical precipitation method. The physical and chemical properties
of sensor material were investigated by SEM/EDS, XRD and BET analyzers. The mea-
sured sensitivity to simulant toxic gas is defined as the percentage of resistance of value
equation, [(Ra-Rg)/Ra x100)], that of the resistance(Ra) of SnO2 film in air and the
resistance(Rg) of SnO2 film in acetonitrile gas. The best sensitivity and selectivity of
these thick film were shown with 1wt.% Pd and 1wt.% TiO2 for acetonitile gas at the
operating temperature of 250C.
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Introduction

Chemical weapons mean the weapon that can kill
all the living organism including mass killing of hu-
man lives and plants by using toxic chemicals. The
poisonous arrows and spears that the Pygmy tribe in
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the ancient Africa used are seen as the first real usage
of such chemicals in a war. The first time that a chem-
ical weapon was used in a modern combat was when
the German army killed 15,000 people by the mass
killing chloride gas in the Belgium battle in April,
1915 during the First World War. Starting from this
usage, chemical weapons were used 200 times during
the First World War resulting in 90,000 casualties.
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The world that witnessed this tragedy agreed up the
Geneva Protocol in 1925 that prohibited the usage
of toxic chemicals and virus, bacteria. However, even
after the Second World War, there have been several
hundreds of thousands of casualties through the for-
mer USSR’s Afghanistan attack and the Irag-Iran war.
In fact, most of the belligerent nations have already
developed and stored the prohibited WMD (Weapons
of Mass Destruction), and no research related chem-
ical weapons have been released to the public.
Especially Korea is the warehouse of explosives that
nobody knows when Korea will be drawn into a whirl-
pool of war due to the fact that it is facing the commu-
nist country North Korea. North Korea is ranked the
3rd in the world for the amount of biochemical weap-
ons possession, followed by the United States and
Russia. North Korea started to receive the support
of the former USSR starting in 1960s; in 1970s, it
already possessed the production and launching capa-
bility in diverse and unique conditions. According to
a real analysis of an information agency of the United
States, it is estimated that 4000 metric tons of chem-
ical weapons are enough to kill all 40,000,000 South
Korean civilians. A chemical warfare agent means
a chemical in a gaseous or liquid state used to give
a direct effect on killing human beings, and is repre-
sented by choking, blood, blister, and nerve agents.
This study is intended to investigate on the early de-
tection of a blood agent[1-5].

In general, HCN (AC), CICN (CK) are the best
known chemicals of blood agents. When exposed, it
smells like a seed of a peach. It is a poisonous gas
that kills a person within 15 minutes by causing heart
suppression, chest pain, convulsion, and coma while
being absorbed into the body through respiratory
organ. Therefore, the early detection for this kind of
human killing gas is very important, and it is essential
to maintain the military superiority. Gas sensor has
been used in various ways and sensor materials that
exhibit the outstanding detection ability for poisonous
or highly explosive gas have been used in variety.
Most actively studied materials among them are
Sn02, TiO2, ZnO2, and WO3 etc. as sensor materials
for semiconductors[6,7]. Sensor materials among these
are mainly used as mother materials of semiconductor
gas sensor. Highly sensitive SnO2 was limited, and
the variation in sensitivity was measured by changing
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composition of TiO2, as an additive material. In addi-
tion, in order for study of higher sensitivity properties,
catalyst metals such asPt, Pd, In etc., which are sensi-
tive to C-H, a functional group of acetonitrile a simu-
lant chemical gas of blood agents were added[8-9].

Selection of a simulant chemical gas. Blood
agents are very volatile and are more stimulating to
the respiratory organs, not the blood, as a main loca-
tion of application poisonous effect. The main reason
of blood agent’s poison is that it reduces oxygen car-
rying ability of hemoglobin in blood to stop the me-
tabolism, and that it suppresses the cell oxidation
process to kill a person by cell necrosis of neural
tissues. Typically it is ok if an adult is exposed to
50-60 ppm for an hour, but it can be deadly if an
adult is exposed to a higher concentration for more
than 30 minutes. Due to the poisonous effect of blood
agents, it is widely used in a capital punishment or
assassination. HCN was used for mass killing of Jews
by the German solders during the Second World
War[10-13]. In this study, acetonitrile gas was selected
as a simulant chemical gas.

Acetonitrile gas. Acetonitrile, a simulant chemical
gas of HCN, which is known as a blood agent of
chemical weapons, is in the liquid state at room
temperature. It is volatile without color, but has a
fragrant smell such as ether. Acetonitrile has the mo-
lecular structure of triple bonds between the methyl
group and nitrogen like DPGME(dipropylene glycol
methyl ether), and is used as a chemical agent similar
to a blood agent. It has TWA (Total Weighted
Averages) of 40 ppm, and is known to be deadlier
than carbon monoxide[14,15]. It is stable at the STP
condition, and produces cyanides, carbon oxides, and
nitrogen by heat-decomposition byproduct. In this
study acetonitrile gas was selected as a simulant
chemical gas of blood agent HCN.

Experimental

Preparation of sensor materials. The sensor ma-
terial was prepared as the content of TiO2 was
changed to 1, 3, 5, 10 wt % with distilled water to
the mother material of SnO2 with a magnetic stirrer
in order to measure the variation of electrical con-
ductivities in the sensor material. In addition, we went
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one step forward to add to dope a catalytic metal
by the impregnation process to maximize sensitivity
and selectivity, which is fundamental condition for
gas sensors. A solution is prepared by completely dis-
solving one wt % of each transition element such
as Pd, Pt, and In and the catalytic metal in each beak-
ers by the impregnation process. Catalyst/TiO2/SnO2
powder containing catalytic metals was prepared by
stirring each catalytic metal with the magnetic stirrer
in TiO2/SnO2 mixture at 25°C. After the slurry is
dried at 110°C for 12 hrs, calcined at 600°C for 2
hrs, and pulverized in mortar, the final material was
be obtained.

Preparation of thick-film sensor material and
its structure. For sensor array used in this experi-
ment, a commercial product, whose dimension is
13mm*8mmx0.67mm, has Pt electrode arranged at
every 0.5mm on the front of the alumina substrate
and a Ni-Cr heater embedded at the back. Before the
sensor material is coated on the front of the substrate,
it was washed with acetone and then heat-treated at
300C to eliminate impurities. Ethylene glycol which
plays the role of a binder - ethylene glycol was mixed
into the sensor material, kneaded in a slurry condition,
and evenly coated with the thickness of 20um on the
alumina substrate by the screen printing method. The
sensor material completed by hand was dried at room
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Fig. 1. The schematic view of the fabricated
thick film sensor[16].
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temperature for 24 hrs, dried at 110C for 12 hrs in
a high temperature dry oven, and then heat-treated
at 600Cfor 2 hrs. The schematics of the thick-film
sensor alumina substrate and the picture of the sub-
strate after being coated with the sensor material are
shown in Fig. 1.[16]

Analysis of sensitivity. A transparent plastic con-
tainer with volume 10L (250mmx200mmx200mm)
was fixed at 50 mm above the ground and sensitivity
was measured by adjusting the operation temperature
of the gas sensor at 150~350C range and the gas
concentration at 10-50ppm range. To eliminate the
electron or anions inside the sensor material, it was
stabilized by treatment at the temperature equivalent
to the measured temperature for 12 hrs. After the sim-
ulant chemical gas of acetonitrile was injected to the
container and the fan started to operate, variations
of resistance was measured by a multimeter when
the value reached the equilibrium concentration. The
sensitivity of sensor was defined as the percentage
of electric resistance value equation, [(Ra-Rg)/Ra
x100], that of the resistance(Ra) of SnO2 film in air
and the resistance(Rg) of the acetonitrile gas. A pro-
file of the schematics of the measuring device of gas
sensor used in this study is shown in Fig. 2.

Results and Discussion

Analysis of sensor materials’ properties. Sensor
material for gas detection was prepared by differing
composition of TiO2 and catalytic metal into mother
material, SnO2. XRD, BET, SEM/EDS analyzers

00 pomer sipely

Fig. 2. Apparatus used for gas—sensing experi-
ments.
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were used to analyze the particle size, degree of crys-
tallization, the BET specific surface area and the sur-
face particle image condition of each sensor material.
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Fig. 3. The X-ray diffraction pattern of 0~
10% TiOx/SnO.

First of all, when TiO2 and the metal catalyst were
added to SnO2, each pattern of XRD is shown in
Fig. 3 and 4. In general, the size variation of particle
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Fig. 4. The X-ray diffraction pattern of ca-
talyst/TiO»/SnOs.

Fig. 5. SEM image of gas sensing material, 1.5kV_100k SE(U, LAO), 500nm.
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Fig. 6. Sensitivity with amount of metal oxide
to the various concentration of aceto-
nitrile gas at 250C.

crystallization is the main factor that affects the peak
broadening phenomenon in the XRD diffraction. That
is, as the size of particle crystallization increases, the
range of peak gets narrow. In theory, as the amount
of TiO2 in composition increases, the size of the par-
ticle becomes smaller and the structure of the phase
becomes Rutile. Adding TiO2 contributes to suppress-
ing the growth of SnO2 particle in the calcination
process, but the particle grows over a particular
content. This is thought to be the result of the ag-
gregation phenomenon, where particles are clumped
to each other. According to the Scherrer’s equation
that represents the sizes of a crystal particle, the small-
er the size of particle is, the more the BET specific
surface area increases, and therefore, it is thought to
contribute to the improvement of sensitivity. Fig. 4
confirms that a new peak of value 26 is formed in
the specific range of 20 80 as TiO2 and the metal
catalyst were added.

Fig. 5 shows the SEM results of each sensor mate-
rial in an image that TiO2 is added to the mother
material SnO2. The particle surface image of each
sensor material could be observed by SEM.

Optimal temperature for sensor materials. The
property of sensitivity variation for acetonitrile gas
at 50ppm, was measured by giving temperature var-
iance of the added sensor material of the metal oxide
TiO2 and the metal catalyst to the SnO2 mother
material. For a single composition, SnO2 at 300C
exhibited the best sensitivity, but when TiO2 and Pd
was added to SnO2, 250C exhibited the best
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Fig. 7. Sensitivity with catalysts/1wt.% Tio
2/Sn02 to the various concentration
of acetonitrile gas at 250°C.

sensitivity. It is speculated that the electron cloud of
oxygen anion of atmosphere adsorbed on the surface
of sensor material affects the variation in the sensi-
tivity of adsorption and separation at the optimal tem-
perature depending on the contents of metal oxides
and the types of catalytic metals. Therefore, in the
subsequent experiments the optimal temperature was
fixed at 250°C. Sensitivity decreases at the temper-
ature higher than 300°C again, which corresponds to
what Mcaleer and others have reported[17-19].

Gas sensitivity of SnO2 depending on the added
amount of TiO2. Fig. 6 shows the investigated result
of sensitivity property in the range of 10-50 ppm of
acetonitrile gas at various compositions of TiO2 in
order to improve the selectivity and the sensitivity
of the gas sensor. As can be seen in Fig. 6, sensitivity
increases with the increased contents in the variation
of the TiO2 composition, and it turns out that the
sensitivity was the best when 1 wt % TiO2 was added.
It is judged that Ti is substituted to Sn and electron
holes on surface are formed in large quantity to de-
crease electrons contributing to the variation of the
electrical conductivity.

Gas sensitivity depending on addition of metal
catalysts. Metal catalysts Pt, Pd, and In are doped
into TiO2/SnO2 sensor material in order to improve
sensitivity and selectivity for acetonitrile gas. It has
been reported that the variation of the electrical con-
ductivity is increased by doping metal catalysts into
metal oxides and improving separation of absorbed
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electron clouds of oxygen anion. It is speculated that
the effect of this catalysis contributes to improving
the electrical conductivity by increasing chemical re-
activity which provides variation for the activation
energy[19].

Fig. 7 shows the property of sensitivity for acetoni-
trile gas according to the types of metal catalysts.
Various metal catalysts were added with 1 wt %
TiO2/SnO2 sensor material as the basis. As the Fig. 7
shows, it can be understood that of the sensor material
with 1 wt % Pd exhibits more optimal sensitivity than
the other metal catalysts. It looks as if the 1 wt %
Pd/1 wt % TiO2/SnO2 sensor material separates oxy-
gen anion cloud of acetonitrile gas more rapidly than
other sensor materials and better selectivity.

Conclusions

In this study, a thick-film gas sensor to detect ace-
tonitrile gas was prepared by having SnO2 as a mother
material and adding various catalytic metals as
additives. Sensitivity characteristics of acetonitrile gas
depending on added metal oxides and the addition
of various metal catalysts, sensitivity characteristics
depending on various temperature, and comparison
of sensitivity and selectivity with other simulant
chemical gaswere investigated. From the above ex-
periments, following conclusions could be obtained:

1. The amount of variation in the electrical con-
ductivity was measured by using the thick-film gas
sensor that was reacted to simulant chemical gas.

2. The sensitivity properties of the thick-film gas
sensor that TiO2 and Pd are added to SnO2 tend to
depend on the amount of TiO2 and Pd, optimum tem-
perature, and the kind of the binder.

3. The sensor material to detect acetonitrile gas
shows the best sensitivity and selectivity when the
condition is following:

- Optimum temperature: 250C

- Binder: Ethylene glycol

- Composition: 1 wt % Pd + 1 wt % TiO2with
SnO2 as the mother material

4. The thick-film gas sensor of SnO2 showed good
sensitivity for a little amount of acetonitrile gas, and
therefore, it is judged that the gas sensor will be useful
for promotion of development technology for the gas
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fire alarm system that can detect early the poisonous
gas that can kill human lives.
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