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Abstract: In this work, we present the results of studies of the nanocomposite MWCNTs/SnO; hydrogen peroxide
vapor sensors. The technology of manufacturing these sensors has been developed. As a result of the
measurements of the temperature characteristics, the 100°C optimal operating temperature of the studied sensors
has been found. The response and recovery curves of the sensors were investigated in the presence of different
concentrations of hydrogen peroxide vapor in the atmosphere. Sufficiently high response when low concentrations
of the target gas presents in the air is observed. The linear dependence of the sensors response on the concentration
of hydrogen peroxide vapor is observed in a double logarithmic scale in a certain concentration range. The minimal
registered gas concentration is 1 ppm or less than.

Keywords: H,O, vapor sensor, MWCNTs/SnO, Nanocomposite, Carbon nanotubes, Hydrothermal synthesis,
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1. Introduction

Hydrogen peroxide vapors have become a
common disinfectant due to their pronounced
bactericidal properties [1-2]. Hydrogen peroxide is
characterized by a wide range of antibacterial
properties, low toxicity. However, hydrogen peroxide
vapor belongs to the category of hazardous substances
for people who are in a working room with a certain
maximum permissible concentration of hydrogen
peroxide vapor. Therefore, it is necessary to protect
personnel outside the disinfected premises from
accidental leakage of H,O, fumes.

With a significant vapor pressure (1.2 kPa at
50°C), hydrogen-peroxide vapor is potentially
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hazardous and explosive. Recently, the easily made
peroxide based explosives most actively used by
terrorists  groups [3-5]. Therefore both the
development of sensors for the detection of H,O»
vapor and the determination of their concentration in
the environment are very relevant and important.

To date, several techniques have been proposed for
the detection of hydrogen peroxide, such as
chemiluminescent, spectrophotometric, fluorometric,
calorimetric and optical interferometry. All these
techniques are complex, expensive and require
considerable time consuming. In addition, these
methods not always allow to measure low
concentrations of H,O» in the range of the threshold
limit concentration of 1 ppm. This is seemed possible
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and promising in the detection of H,O vapors using
semiconductor metal-oxide gas sensors [6-8] and
theirs nanocomposites including carbon nanotubes,
different catalysts, metal-phthalocyanines [4, 9-11]
and others.

Our previous research works [12-15] have
demonstrated that the gas sensors based on the
multiwalled carbon nanotubes/tin oxide
nanocomposite hybrid materials (MWCNTs/SnO,)
have a good gas sensing performance. The
enhancement of the sensing performance is facilitated
by the very large specific surface area of these
nanocomposites. On the other hand, presence of
nanochannels in the form of hollow CNTs for gas
diffusion [16] also promotes for improving of the gas
sensing characteristics of such nanocomposite.
Moreover, it is known that the n-p heterojunctions are
formed at the interface between tin oxide nanoparticles
and carbon nanotubes since SnO, is n-type
semiconductor whereas carbon nanotubes form p-type
semiconductor [17]. The adsorption of gas molecules
changes both the depletion layers at the surface of
SnO; nanoparticles and at the p-MWCNTs/n-SnO,
heterojunctions. The existence of this heterojunction
also should contribute to an increase in the signal of
the sensor.

Surface modification of the CNTs/metal-oxide
hybrid gas sensors and sensors based on the
nanocomposites components with noble metals,
especially with Ru, promotes increasing in sensitivity
and improvement of the gas sensors speed
performance [18-20] because of these metals or their
oxides are the catalysts for chemical reactions taking
place on the surface. So, high sensitivity, good
selectivity and lower operating temperatures achieve
for Ru incorporated SnO,/MWCNTs nanocomposites
based various alcohols and hydrocarbon gas sensors
[12-16, 20-21].

All these mentioned above facts and effects
promote to sensing and improving the characteristics
of the MWCNTs/SnO, gas sensors to hydrogen
peroxide vapor. In this paper we present some results
of these investigations.

2. The Technology of the SnO./MWCNTSs
Nanocomposite Gas Sensor s

We have developed two types of samples
sensitive to hydrogen peroxide vapors, which are
presented below.

2.1. The Ruthenated Nanocompaosite Samples
Obtained Using Hydr othermal Method

The preparation of nanocomposite materials with a
hydrothermal method was carried out in two steps.
Firstly, purified MWCNTs were dispersed in water via
sonication. Then, a calculated amount of precursor of
the SnCl,*2H,O was dissolved in another beaker in
water, whereupon 3 cm® HCl was added to the

solution. The choice of water as a solvent, instead of
e.g. ethanol, was preferably for us in the view of
expected improvement in gas sensing characteristics,
taking into account the fact that cover the
overwhelming parts of CNTs with SnO; nanoparticles
is ensured at that. In the next step, the MWCNT’s
suspension and the solution of the precursor were
mixed and sonicated for 30 min. For preparing the
nanocomposites, we poured the above-mentioned
solutions into autoclaves, where hydrothermal
synthesis was carried out at 150 °C for 1 day. At the
end of this procedure, all obtained nanocomposite
powders were filtered and dried at 90 °C for 5 h. The
final mass ratio of the nanocomposite MWCNTs/SnO,
obtained with the hydrothermal method in this study
was 1:200, respectively. The hydrothermal synthesis
process is presented in details in [12-13].

The paste for the thick film deposition made by
mixing powders with a-terpineol (“Sigma Aldrich”)
and methanol was printed on the chemically treated
surface of the alumina substrate over the ready-made
Pt interdigitated electrodes. The thin-film Pt heater
was formed on the back side of the substrate. Then, the
obtained composite structures were cut into 3x3 mm
pieces. After that, the drying and annealing processes
of the resulting thick films were carried out in two
stages. The first stage is the heating of thick films up
to 220 °C with the 2 °Cxmin™! rate of temperature rise
and holding for 3 h and then second stage: increasing
in the temperature until 395 °C with the 1 °Cxmin”!
rate and holding for 3 h. Further, the thick-film
specimens were cooled down with the oven.

After annealing and cooling processes, the surface
of MWCNTs/SnO; thick films was ruthenated by
dipping samples into the 0.01 M RuOHCl; aqueous
solution for 20 min whereupon drying at 80 °C for
30 min were carried out. Then, the annealing treatment
was carried out again by the same method noticed
above. The choice of the ruthenium as a catalyst was
determined by its some advantages [12, 13, 15].

2.2. Non-Ruthenated Nanocomposite
Samples Obtained by the Sol-gel M ethod

The powder for these samples was prepared from
a 0.5 M aqueous solution of SnCly4xSH,O with the
addition of MWCNTs carboxylates in a mixture of
HNO3/H,SO4 acids (1:3) by the sol-gel method. Thick
films were obtained on the base of nanocomposite
powder MWCNTs/SnO, with a component ratio of
1:50, respectively. All the powders were annealed at
395 °C for 5 hours, and then ground in an agate mortar.
Multisensor platforms purchased from TESLA
BLATNA, the Czech Republic (see Fig. 1), were used
as substrates for the application of the MWCNTs/SnO;
suspension. A thick film depositing paste was
prepared using ethylene glycol as a binder. After
printing on a substrate on top of the Pd-interdigitated
electrodes, these samples were dried at 50 °C for
3 days. An annealing process was carried out with
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increasing in temperature at a rate of 2 °C / min up to
234 °C and holding at this temperature for 2 hours.
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Fig. 1. The structure of the Multi-Sensor-Platform
and the sensor installed on the Multi-Sensor-Platform [8].

In the final stage, the ruthenated MWCNT/SnOs,
as well as the non-ruthenated chips, were installed in
the TO-5 package, and after welding the leads, the gas
sensors were ready for measurements.

3. Performance of the Hydr ogen Peroxide
Vapors Sensors

3.1. Example About the Characteristics
of the Sensors Material

The morphologies of the prepared SnO,/MWCNT
nanocomposite powders were studied by scanning
electron microscopy using Hitachi S-4700 Type II
FE-SEM operating in the range of 5-15kV. The
presence of an oxide layer was confirmed by SEM-
EDX. Furthermore, the crystalline structure of the
inorganic layer was also studied by an X-ray
diffraction method using the Rigaku Miniflex II
diffractometer (angle range: 20 [°]=10-80 utilizing
characteristic X-ray (CuKa) radiation). Results of
these investigations were presented in [12-13] more
detailed. Here, we are only noting that average
crystalline size of SnO» nanoparticles estimated from
SEM images and XRD patterns are less than 12 nm but
the average diameter of non-covered by SnO»
nanoparticles CNTs was about 40 nm.

3.2. Characteristics of Ruthenated H,O;
Vapor SensorsBased on MWCNTS/SnO;

Measurement and testing of the both type
developed hydrogen peroxide sensors’ characteristics
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were carried out using program—controlled automated
setup [21]. The gas response of the sensors determines
as Ry/Rq, where R, and R, are the electrical resistance
of the sensors located in the target gas/air atmosphere
and pure air, respectively. The response and recovery
times in each case are defined as the time required to
achieve a 90 % change of the resistance, measured
from the corresponding steady-state value of
each signal.

The sensing characteristics were studied from
20 to 150 °C operating temperature. No appreciable
gas sensitivity was observed below 70 °C and at higher
than 150 °C temperatures (see Fig. 2).
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Fig. 2. Dependence of the response of the ruthenated
MWCNTSs/SnOz sensor on operating temperature.

Obviously, that the optimal operation temperature
of non-ruthenated sensors is in the range of 90-100 °C.
The dependence of the response of the ruthenated
MWCNTs/SnO, (1:200) sensor on H»O, vapor
concentration measured at 100 °C operating
temperature is shown in Fig. 3.
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Fig. 3. Dependence of the response of the ruthenated
MWCNTSs/SnOz sensor on H202 vapor concentration.

As can be seen from Fig. 3, the linear part of the
dependence of the response on the H,O, vapor
concentration in a double logarithmic scale extends
from 2 to 120 ppm of gas concentrations. The minimal
registered H>O, vapor concentration is ~ 875 ppb.
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3.3. Characteristics of Non-Ruthenated H,0,
Vapor SensorsBased on MWCNT</SnO;

As with the ruthenated samples, the non-
ruthenated sensors show a high response in the
90-100 °C range of operating temperature. It can be
seen from Fig. 4 where the sensor response vs
operating temperature is presented.

300
= 200
2 100
70 g0 110 130
Temperature, °C

Fig. 4. Dependence of the response of the non-ruthenated
MWCNTs/SnOz sensor on operating temperature
in the presence of 12 ppm of H20:2 vapor in the air.

Dependence of the response of non-ruthenated
MWCNTs/SnO; (1:50) nanocomposite H>O, vapor
sensor on gas concentration measured at 100 °C
operating temperature is presented in Fig. 5.
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Fig. 5. Dependence of the response of non-ruthenated
MWCNTSs/SnOz2 sensor on H20O2 vapor concentration.

Obviously, a high-level signal of about three
orders of magnitude and higher is characteristic for
non-ruthenated samples obtained by sol-gel
technology. The linear part of the response curve is in
the range of gas concentrations of about 3-13 ppm.
With the increase in gas concentration, the dependence
of the response of non-ruthenated MWCNTSs/SnO,
sensors on H»O, vapor concentration goes to
saturation. The latter most likely indicates that the
H,O, vapor itself reaches saturation (dew point), after
which the H>O, vapor turns into a liquid state in the

form of an aerosol in the air or starts to condense on
any surface layer.

3.4. Response and Recovery Times of Studied
Sensors

As an example, the response/recovery curve of the
non-ruthenated H,O» sensor measured at the presence
of 17.5 ppm gas concentrations in the air at 100 °C
operating temperature is shown in Fig 6.
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Fig. 6. The response/recovery curve of the non-ruthenated
MWCNTSs/SnOz sensor measured in the presence
of 17.5 ppm H20:2 vapor concentrations in the air.

Dependences of response times of both types of
studied sensors on H,O, concentration in the air are
presented in Fig. 7.
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Fig. 7. Dependences of response times of both types
of studied sensors on H202 concentration in the air
measured at 100°C operating temperature.

Dependences of the response and recovery times
of non-ruthenated and ruthenated MWCNTSs/SnO,
nanocomposite hydrogen peroxide vapor sensors on
operation temperature are presented in Fig. 8 and
Fig. 9, respectively. As can be seen from Fig. 8 and
Fig. 9, the response time of both types of sensors
varies in the range of 0.8-5 minutes. But the
recovery time of non-ruthenated MWCNTs/SnO»
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sensors are significantly less than for ruthenated
MWCNTs/SnOs; sensors.
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Fig. 8. Dependences of the response and recovery times
of non-ruthenated hydrogen peroxide vapor sensor
on operating temperature.
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Fig. 9. Dependences of the response and recovery times
of ruthenated hydrogen peroxide vapor sensor
on operating temperature.

It is seen that with an increase in temperature, the
response time and recovery time of both types of
sensors rather sharply decrease. Given this fact, when
choosing the optimal operating temperature, we
preferred a temperature of 100 °C, although the
response of the sensors at 90°C is slightly higher.

4. Conclusions

Thus, we developed two types of nanocomposite
MWCNTs/SnO,  hydrogen  peroxide  sensors,
providing a response of sufficiently large amplitude in
the presence of low concentrations of the target gas in
the air. The minimal concentration of H>O, detected
by the sensors is less than 1 ppm.

The linear parts of the response dependencies on
the hydrogen peroxide vapor concentration measured
for ruthenated and non-ruthenated nanocomposite
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sensors are located in the ranges 2-120 ppm and
3-30 ppm, respectively. The response of non-
ruthenated sensors is much greater than the response
of ruthenated sensors. So, with an increase in the H,O,
vapor concentration only by one order of magnitude,
the response of non-ruthenated sensors increases in
three orders of magnitude, reaching 2.5x10° and
higher. Although in terms of response and timing data,
the ruthenated samples are somewhat worse in
comparison with non-ruthenated ones, but they are
better in terms of the threshold sensitivity, which goes
into the ppb range.
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