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Abstract

The influence of the dopant on the regularity of the sol-gel synthesis of a gas-sensitive material based on tetraethoxysilane and metal oxides
(Ti and Cd) in the presence of a template was studied. Analysis of the composition of the synthesized nanocomposites by DTA, XRD, and
SEM showed that the elemental composition of HCM corresponds to the composition of the components used in their preparation. To obtain
highly porous films, heat treatment of HCM at 400-450 °C is recommended. Samples of thin films of the TEOS/75TiO2+CdO composition,
which are gas sensitive to CO, have been obtained. Selective sensors for carbon monoxide (11) based on the developed HCMs have been
created and optimal conditions have been established that ensure the highest sensitivity and selectivity of the developed sensors.
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INTRODUCTION

Special attention in the world deserve scientific research on
the development and improvement of methods for analyzing
the composition of atmospheric air and process gases [1,2].
Carbon monoxide is one of the toxic and explosive
components of atmospheric air [3-5]. In this regard, the
development of semiconductor gas-sensitive materials and
the creation on their basis of selective semiconductor
sensors that provide the determination of carbon monoxide
(1) in atmospheric air, process and exhaust gases is an
important task [6-8]. The characteristics of semiconductor
sensors depend on various factors, including the
composition of gas sensitive materials, which play an
important role in ensuring high sensitivity and selectivity in
determining the composition of a gas mixture [9, 10].

The aim of the work is the development of selective
semiconductor sensors for the determination of CO.

EXPERIMENTAL TECHNIQUE

TiO, and CdO were used as a dopant in the template
synthesis of gas-sensitive materials (GSM)  for
semiconductor sensors (SPS) of carbon monoxide (I1). The
uniqueness of titanium and cadmium oxides as a dopant in
the synthesis of HCM for a semiconductor carbon monoxide
sensor is caused by a combination of their physical and
chemical properties [11, 12]. The electrical conductivity of
TiO2 and CdO changes reversibly as a result of surface
reactions occurring at 100-500 0C with the participation of
chemisorbed oxygen and gas mixture components [13]. The
advantages of titanium and cadmium oxides over other
oxides are also their low cost, chemical resistance and ease
of fabrication of films based on them. Citric acid served as a
structure-controlling agent during the synthesis of the HFM
sensor. When conducting research, tetraethoxysilane
(TEOS) (C2Hs0)4Si 0s. was used as starting compounds for
the synthesis of gas-sensitive materials. TU 2637-059-
44493179-0, the solvent for TEOS was doubly distilled
ethanol, and hydrofluoric acid was used as a catalyst for the
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sol-gel process. Experiments on the synthesis of HCM were
carried out at the ratio of the initial components:
TEOS:C,HsOH:H,0:HF=1:25:15:0,1. TiCls and CdCl;
were used as sources of TiO, and CdO in the experiments.

RESULTS AND DISCUSSIONS

Template synthesis of porous silica materials in the presence
of a dapant was carried out according to the procedure
described in [14, 15]. To study the effect of the dopant on
the stability of the film-forming solution, TEOS solutions
were prepared in purified ethanol at a molar ratio of TEOS:
alcohol=1:25. The resulting mixture was stirred for 2 hours,
then left for 2 hours at room temperature. After that, a
mixture of the corresponding salts dissolved in distilled
water in the presence of an acid (catalyst) was added to the
resulting solution with constant stirring. The resulting
mixture of TEOS: ethanol: water: HF (1:25:15:0.1) was
homogenized for 2 hours at a temperature of 25 0C using an
automatic disperser UDNP-2T for 60 minutes. As a result of
the experiments carried out, it was established that the
stability of the solution depends on the composition and
amount of salts added to the solution. Figure 1 shows the
dependence of the stability of the film-forming solution on
the composition of the initial mixture. In the experiments,
the molar ratio TEOS/dopant = 2/1.

5,0

4 1-TEOS
] 3
4 2-TEOS+TICl,
4,0 2
1 3-TEOS+CdCl,
© | 1
o
o .
£ 30 _|
(7]
8 -
2]
£ ]
s * 4
s 2,0 _]
3
3 S A A A
L%}
1,0 7 ¥ l
T T T T T T T T T T T ]
100 200 300 400 500 600
cont. experiment, hour
Fig. 1. Dependence of the stability of the film-forming

solution on the composition of the dopant

As can be seen from Fig. 1, under analogous conditions, the
stability of solutions without a dopant and with a dopant
based on TiCls and CdCly, respectively, is equal to 445; 340
and 248 hours. Therefore, under identical conditions, the
stability of a solution without a dopant is greater than that of
a solution with a dopant. In this case, the stability also
depends on the composition of the salts used as a dopant. In
the presence of TiCly, the stability of the sol (340 hours) is
greater than that of the solution with CdCl, (248 hours). The
film-forming solution has the ability to form strong and
uniform coatings only after a certain exposure time. This
time depends on the composition and ratio of components.

On the curve (Fig. 1.) of the dependence of the kinematic
viscosity of the solution on the time of its aging, two
sections can be distinguished, which correlates well with the
literature data [16,17]. It is assumed that the area almost
parallel to the abscissa axis corresponds to the hydrolysis of
silicon alcoholates and the condensation of monomers into
dimers. The intensively increasing portion of the curve
corresponds to the occurrence of polycondensation
processes.

Metal oxides are widely used as gas sensitive materials for
chemical sensors [18-20]. During the experiments, the
properties of gas-sensitive nanocomposite films synthesized
on the basis of titanium oxide and modifying metal oxides
were studied. The following metal oxides were chosen as
inorganic modifiers: ZrO;, TiO,, CdO, ZnO, Iny0s, NiO,
Mo20s, Al;O3;, SnO;, which are characterized by high
sensitivity to inorganic gases [21-25]. The maodifying
inorganic additives were introduced into the initial mixture
through salts soluble in water and ethanol. In order to determine
the possibility of using the obtained films as a gas-sensitive
material for a semiconductor carbon monoxide sensor, we
studied the change in their electrical conductivity under the
action of carbon monoxide. The results obtained are shown in
Table 1.

Table 1: Dependence of the signal of the gas-sensitive
material on the composition of the metal oxide (n=5,
p=0.95, CO content in the mixture 500 mg/m?3, ratio TEOS:
metal oxide=1:1).

Ne | The composition of | Sensitivity of HCM for carbon
the HCM monoxide, mV.
X+AX S Sr
1 | TEOS + ZrO; 6,7£0,1 0,1 1,49
2 | TEOS +TiOy 28,2+0,4 0,4 1,42
3 | TEOS + CdO 23,940,2 0,2 0,84
4 | TEOS + ZnO 16,3+0,5 0,5 3,07
5 | TEOS + Iny03 18,0+0,3 0,3 1,67
6 | TEOS + NiO 9,8+0,4 0,4 4,08
7 | TEOS +Mo0,03 4,540,1 0,1 2,22
8 | TEOS + Al,Os3 5,3+0,1 0,1 1,89
9 | TEOS + SnO; 13,3+0,3 0,3 2,26

As can be seen from the data in Table 1, of the studied
nanocomposite films, the highest sensitivity to CO is
characterized by gas-sensitive material based on TEOS,
titanium and cadmium oxides.

In this regard, in further experiments the characteristics of
films based on TEOS +TiO;, TEOS +CdO and their
mixtures. (TEOS +TiO,+CdO). On fig. 2. SEM and SDE
images of silica materials synthesized on the basis of TEOS
and metal oxides: Ti, Cd are shown. Heat treatment of the
obtained films was carried out at 400 OC. As can be seen
from Fig.2. in the presence of titanium oxide and cadmium,
a finely porous silica material is formed.
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Fig. 2. SEM and SDE image of silica materials synthesized based on TEQS+Ti0,+CdO

From Fig.2. It follows that the elemental composition of the
obtained solid nanocomposites fully corresponds to the
composition of the initial solution. Thus, the elemental
analysis of the obtained nanocomposites (Fig-2.) confirms
the correspondence of the obtained films to the initial
composition of the sol-gel synthesis of HCM.

As is known, the sensitivity and selectivity of a
semiconductor sensor can be controlled by changing the
ratio of the components of the initial mixture [26].
Therefore, in the course of experiments, we studied the
effect of the ratio of components (titanium and cadmium
metal oxides) on the characteristics of the nanocomposite
obtained on their basis. The results of studying the
dependence of the sensitivity of nanocomposite films on the
ratio of their components in the process of determining CO
are shown in Table 2.

As a result of studying the sensitivity of a gas-sensitive
material based on titanium and cadmium metal oxides, it
was found that the highest activity in the process of carbon
monoxide monitoring is a mixture of titanium and cadmium
oxides obtained at a ratio of 3:1.

Table 2: Dependences of the sensitivity of nanocomposite
films on the ratio of their components in the process of CO
determination (n=5, p=0.95, SiO;-metal oxide ratio=2:1)

Ne | The composition of the HCM | Sensor signal, mV.

X+AX S Sr

TEOS /(100%CdO) 23,9+0,2 | 0,16 | 0,67

TEOS /(100%TiO2) 28,2+0,4 | 0,32 | 1,14

TEOS /(5%Ti02+95%Cd0O) | 26,7+0,3 | 0,24 | 0,9

TEOS /(25%Ti0,+75%CdO) | 33,2+0,2 | 0,16 | 0,48

TEOS (50%Ti0,+50%Cd0O) | 38,5+0,1 | 0,08 | 0,21

TEOS /(75%Ti0,+25%CdO) | 42,5+0,4 | 0,32 | 0,76

N[OOI IWIN (-

TEOS /(95%TiO,+5%CdO) | 37,1+0,3 | 0,24 | 0,65

. Crexp 57
Beck o
G 32

S 106 04

Also, the sol obtained on the basis of this composition is
characterized by high stability over time. The stability of the
sol obtained on the basis of TEOS/(75%Ti02+25%CdO) (at
the ratio of SiO./metal oxide=2:1) provides the possibility of
preparing gas-sensitive films for more than 80 hours from
the moment of its preparation. Therefore, in experiments on
the creation of a semiconductor sensor for carbon monoxide
as a gas-sensitive sensor material, the possibility of using a
composite based on TEOS/(75%TiO2+25%Cd0O) was
studied.

Thermal analysis of the gas-sensitive material based on
TEOS/(75%TiO»+25%Cd0O) was carried out on a thermal
analyzer in the range from 50 to 850 °C at a heating rate of
10°C/min. In the experiments, a sample with a mass of 30
mg dried at 100 °C was used. The resulting thermogram of
the sample is shown in Fig.3. According to the results of
thermal analysis, it was found that when the samples are
heated to a temperature of 850 °C, two jumps associated
with weight loss are observed on the thermogram.
Endothermic effects from minima in the temperature range
of 120-240 °C are accompanied by significant weight loss
and are associated with the processes of decomposition of
crystalline hydrates of salts, evaporation of alcohol,
physically adsorbed water and chemically bound water.
Endothermic effects in the range of 460-700 °C are
associated with the thermal-oxidative destruction of residual
alkoxy groups.
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Fig.3. Thermogram of a composite sample
Si0,\75Ti0,+25CdO

Thus, as a result of the studies carried out, the properties of
silica based on tetraethoxysilane, hydrolyzed in an acidic
medium in the presence of modifying inorganic substances,
metal salts (titanium chloride and cadmium chloride), were
obtained and studied. The optimal composition and ratio of
the components of the gas-sensitive material of the
semiconductor carbon monoxide sensor has been
established. The use of this gas-sensitive material ensures
high sensitivity of the sensor to carbon monoxide. In the
course of experiments using optimized parameters and
selective gas-sensitive materials, semiconductor carbon
monoxide sensors (PPS-CO) were created. The developed
sensors provide monitoring of carbon monoxide in a wide
range of its concentration. PPS-SO1M and PPS-SO2M are
designed respectively to control the micro-concentration and
macro-concentration of carbon monoxide in a mixture of
gases.

The program for testing the sensor in the operating mode
included special experiments related to the selection of the
supply voltage, the formation of the device readiness time,
dynamic and calibration characteristics, and also the
identification of the degree of its selectivity.

The magnitude of the signal and the selectivity of the
semiconductor sensor depend on the supply voltage, the
change of which leads to temperature variability on the
surface of the catalyst of the sensitive elements of the
sensor. Increasing the temperature of the sensing elements
above the optimum leads to the oxidation of carbon
monoxide on the surface of the compensation element
catalyst.

Table 3: Dependence of the sensor signal (PPS-CO 2M) on
the supply voltage (n=5, p=0.95)

Ne | Supply voltage, V | Sensor sighal, mV
- 2
X £Ax S Sr*10

1 11,00 2,34+0,03 | 0,020 | 0,62

2 1150 12,80+0,02 | 0,008 | 0,28

3 12,00 47,90+0,04 | 0,028 | 0,08

4 | 250 56,42+0,06 | 0,022 | 0,10

5 |3,00 51,18+0,06 | 0,016 | 0,09

6 |335 49,51+0,05 | 0,036 | 0,07

7 1350 46,57+0,06 | 0,040 | 0,09

It follows from the obtained results that the optimal power
supply value for PPS-CO2M is 2.5 V. An increase and
decrease in the sensor power supply value are accompanied
by a decrease in the PPS value.

One of the main requirements for sensors of fire and
explosive components is to ensure the rapidity of component
determination (ie, a short transient time), which is
established by studying their dynamic characteristics.

Verification of the dynamic characteristics of the developed
carbon monoxide sensor includes the study of its temporal
characteristics, that is, the time of transients. Before starting
the sensor test, it is necessary to set the value of the output
(background) signal; for this, purified air and a standard gas
mixture were sequentially supplied through five serially
connected semiconductor carbon monoxide sensors for 10
min. Checking the dynamic characteristics of the sensor was
accompanied by a continuous recording of the transient
process of the chart tape of the recorder, the speed of which
was chosen such that the graph of the transient process was
adequate to GOST 133220-81 “Gas analyzers, industrial
automatic”. The general technical parameters of the sensor
were placed on a segment of a chart tape, 15 cm long.

The change in the concentration at the sensor inlet was
noted on the chart tape and was taken as the beginning of
the time count. The results of determining the dynamic
characteristics of the semiconductor sensor PPS-SO1M and
PPS-CO2M are shown in Table 4.

As can be seen from the data, for the developed sensors, the
response start time (to.1) is 1-2 s, the constant time (toes) is
no more than 5 s, and the readings settling time (to,9) reaches
up to 8 s and the full measurement time (tp) 9-10 s.

Table 4: Dynamic characteristics of a semiconductor sensor
for carbon monoxide (Il) (n=5, P=0.95)

Reducing the temperature of the catalyst, ’ i _
respectively, reduces the activity of the catalyst of the sensor Ne | Concentration of carbon | Dynamic characteristics of
measuring sensing element. Thus, an increase and decrease monoxide (I1), mg/m* the sensor*, p.
in power supply is accompanied by a decrease in the value L} to6s bo |t
of the useful signal of the sensor. In the experiments, we 1 | 125 10 |3 7 10
used PGM with a CO content of 0.50% vol., the results 2 1250 2,0 4 7 10
obtained are presented in Table 3. 3 1500 1,0 4 8 9

4 1750 1,0 5 7 10
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The results shown in Table 4 show the possibility of using
PPS-CO for express determination of carbon monoxide
content.

The dependence of the useful analytical signal of PPS-CO
on the concentration of carbon monoxide was established in
a wide range of its concentration by passing a gas mixture of
carbon monoxide in air through the developed sensor.

In experiments, the dependence of the analytical signal of
the sensors (PPS-CO1M and PPS-CO2M) on the amount of
the determined component was carried out in the range of
CO concentrations from 75 to 3000 mg/m?® and from 0.1 to
3.0 vol.%. Each test point for the measurement range was
characterized by six values: three for forward and three for
reverse measurement cycles. The analytical signal of the
sensors was monitored with a V7-35 voltmeter after a
constant value was established (at least 1 min after the
standard mixture was supplied to the instrument). The
results of the experiments to determine the calibration
characteristics of semiconductor sensors for carbon
monoxide are shown in Table 5.

Table 5: Dependence of the analytical signal of the sensors
on the amount of the determined component (Cco) in the
PGM (n=5, P=0.95)

Art. In the experiments, ASG with a carbon monoxide
content of 650 mg/m3 and 1.50 vol. % was used.

Table 6: The results of determining the stability of PPS-CO

(n=5, P=0.95)
Ne | Time, PPS-SO 1M PPS-SO 2M SS0O=1.50%
hour S$S0=650mg/m ® vol.
- S Sr10? | — S Sr-102
X £Ax X £Ax

1 1 42,5+0,4 | 0,32 | 0,76 2549416 | 1,29 | 05
2 24 42,0+0,3 0,24 | 0,57 253,6+£1,1 | 0,88 | 0,35
3 96 42,1+#0,3 | 0,24 | 0,57 2545413 | 105 | 0,41
4 220 41,5+0,2 0,16 | 0,39 255,1+2,1 | 169 | 0,66
5 350 41,9+0,6 048 | 1,15 256,0£¢16 | 1,29 | 0,5
6 450 42,0+0,3 | 0,24 | 0,59 2542418 | 145 | 0,57
7 550 41,5+0,7 056 | 1,36 254,819, | 153 | 0,61
8 650 42,1+0,8 | 0,64 | 1,53 2552420 | 161 | 0,63
9 750 42,3+t0,3 | 0,24 | 0,57 255,8+16 | 1,29 | 0,52
10 | 850 41,8404 | 0,32 | 0,77 2541411 | 0,88 | 0,35
11 | 1000 42,3+09 | 042 | 1,31 2539+1,3 | 105 | 0,41
12 | 1200 41,4+0,5 041 | 0,97 256,1+19 | 153 | 0,60
13 | 1400 42,0£04 | 0,32 | 0,77 255,7+#18 | 145 | 0,57
14 | 1600 41,6£05 | 042 | 0,97 2538423 | 1,85 | 0,73
15 | 1800 42,6+0,5 0,40 | 0,94 2547417 | 1,37 | 0,54
16 | 2000 41,940,7 | 056 | 1,34 2549+2,1 | 1,29 | 0,66

Table 7: Results obtained from the determination of the
maximum deviation of the carbon monoxide sensor

Sensor Umax,, Unin, Aty | Tolerance. according
mMB MB to GOST

CCO=650 42,6 414 12|50

mg/m 3

CCO=1.50 256,0 2536 | 24|50

vol.%

PPS-SO1IM PPS-SO2M

Cco Sensor signal, mV Cco Sensor signal, mV

conte | S Sr*1 | conte | — S Sr*l

nt, X +Ax 2 nt, X +Ax 2

mg/m 0 vol.% 0

3

75 4,86+0, | 0,0 | 1,65 | 0,10 20,30, | 0,0 | 1,17
1 17 2 12

225 14,440, | 0,0 | 1,11 | 0,60 1025+ | 0,0 | 0,35
2 11 0,3 04

900 53,840, | 0,0 | 0,45 | 1,40 243,0+ | 0,0 | 0,34
3 04 0,7 03

1750 | 101,0+ | 0,0 | 0,64 | 2,00 | 366,0+ | 0,0 | 0,42
0,8 06 1,3 04

3000 | 1745+ | 0,0 | 0,60 | 3,00 | 496,55+ | 0,0 | 0,29

1,3 06 1,2 03

As follows from the given data, in the studied interval, the
dependence of the signal of the semiconductor sensors PPS-
CO 1M and PPS-CO2M on the concentration of carbon
monoxide in the OPO is linear.

The service life of a gas analyzer is closely related to the
stability of its signal. As is known, semiconductor sensors
are characterized by high signal stability [27, 28]. Checking
the constancy of the values of the input signals over time
was controlled during continuous operation for 2000 hours.
The measurement of the input signal during the regulated
time interval was recorded on the chart tape of the recorder.
When processing the test results, random single outbursts of
the output signal were not taken into account with the
duration of each outburst of no more than 10 s. Experiments
to study the stability of the carbon monoxide sensor were
carried out under normal conditions of 740 £ 20 mm Hg.

Our calculations show that the value of Atg for a regulated
time interval is 1.2 and 2.4% (Table 7.).

The change in the value of the output signal over a regulated
time interval was estimated by the maximum divergence of
the sensor signal:

Atg =(Upmax- Upmin) 100/Up (1),

where Atg is the limit of the permissible change in the
output signal for a regulated time interval; Upmax, © UpPmin-
maximum and minimum signal discrepancies; Upx-
instrument scale (KSP 0-50 mV).

Our calculations show that the value of Atg for a regulated
time interval is 2.8 and 0.94%

In objects where carbon monoxide content control is
required, in addition to carbon monoxide, a number of
combustible and non-combustible substances are also
contained [29,30]. The selectivity of the carbon monoxide
sensor was determined in the presence of combustible
components (hydrogen, gasoline and methane vapors)
present locally in controlled objects. The experiments were
carried out at a temperature of 20 °C and a pressure of
730£10 mm Hg, a gas mixture was supplied to the sensor
input for 5 minutes, followed by recording the instrument
readings.
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The device was tested by 5 parallel determinations for each
gas mixture. The results obtained when establishing the
selectivity of the developed carbon monoxide sensors are
presented in Table 8.

As follows from the above data, the developed sensor makes
it possible to selectively determine carbon monoxide in
atmospheric air and process gases in the presence of
methane, hydrogen, and gasoline vapors.

Table 8: The results of the establishment of selectivity in
the determination of carbon monoxide (n =5, P = 0.95)

Pressure tests were carried out in the range of 600-900 mm
Hg. To determine the effect of pressure on the operation of
the sensor, the pressure in the sensor chamber was set from
600 to 900 mm Hg (with a difference of 50.0+1.5 mm Hg)
and after one hour the readings of the device were recorded
when passing a standard mixture containing oxide carbon
600mg/m?® and 1.00 vol.%. The results of the experiments to
determine the effect of pressure on the useful analytical
signal are presented in Table 10.

Table 10: The results of determining the concentration of

Ne | Introduced gas mixture, Found carbon monoxide, carbon monoxide at various pressures (n = 5,P = 0,95)

vol.% (mg/m ) vol.% (mg/m?) . Gas mixture | Sensor signal, mV

X AX Sr10 pressure, PPS-COIM, Cco- | PPS-CO2 M, Cco-

PPS-CO1 M Cco, mg/m 3 mm Hg 1000 mg/m 3 1,50 about.%
> o osarmor st | ehases 115 VI R B VR Rt
3 | CO 150+H; 1000+ air 645:7.8 0,97 600 654204 |09 256,118 |09
4 | CO 650+CO, 1000+ air 652+8,7 1,07 650 64,9+03 |08 251,7¢18 | 06
5 | CO 650+6ens3. 0,50+ air 635+7,0 0,89 700 65,0£0,2 | 0,6 254,713 |08
PPS-CO2 M Cco, about.% 750 65,1+0,5 0,8 255,6+1,6 0,5
6 CO 0.5+ C0O 0.90 + air. 0,52+0,02 3,09 800 64,6+0,3 1,2 254,7+2,1 0,9
7 CO 0,5+CH4 0,90+ air 0,51+0,01 1,58 850 64,9+0,6 0,6 252,8+2,0 0,5
8 CO 0,5+H2 0,90+ air 0,51+0,02 3,15 900 65,3+0,4 0,8 254,9+1,9 0,6
9 CO 0,5+CO2 0,90+ air 0,524+0,01 1,55

Checking the influence of the temperature of the analyzed
gas mixture on the value of the PPS-CO input signals was
carried out in the range of -10 + 50 °C. In the experiments,
HS was used with a carbon monoxide content in a mixture
of 420, 970, 2300 mg/m® and 0.33, 0.75, 1.60 vol. %. The
sequence of temperature setting in the analyzed mixture:
+20 0C (optimum temperature set when determining the
sensor signal): 0, 10, 25, 30, 40 and 50 °C. At each
temperature, it was kept for 1 hour, after which the HS was
applied and the sensor signal was taken. The results of
determining the change in the signal of PPS-CO1M and
PPS-CO2M, due to changes in ambient temperature, are
presented in Table 9.

Table 9: Dependence of the PPS-CO signal on the
temperature of the gas mixture (n=5, P = 0,95).

Temperature, Sensor signal, mV
°C PPS-SO1MSc0-650 (mg/m | PPS-CO2 MSco-0.5

% about.%

- S Sr10% | S Sr-10°

X +AX X +Ax
+20 42,8+0,3 | 0,24 | 0,56 84,5+0,2 | 0,16 | 0,19
0 41,3+04 | 0,32 | 0,78 85,1+0,7 | 0,56 | 0,66
-10 42,0£0,2 | 0,16 | 0,38 84,5+0,8 | 0,64 | 0,76
+25 41,3+0,3 | 0,24 | 0,58 83,1+04 | 0,32 | 3,87
+30 41505 | 04 0,97 84,604 | 0,32 | 0,38
+40 41,4404 | 0,32 | 0,78 85,0+0,6 | 048 | 0,57
+50 42,1+0,6 | 0,48 | 1,15 84,8405 | 0,40 | 0,47

From the data given in Table 9, it follows that in the studied
range, changes in the temperature of the gaseous medium do
not have a significant effect on the values of the analytical
signal of the sensor.

As follows from the given data, in the studied range, a
change in the pressure of the gaseous medium has
practically no effect on the value of the sensor output signal.
Pressure tests were carried out in the range of 600-900 mm
Hg. carbon monoxide 600, mg/m® and 1.00, vol.%. The
value of the relative standard deviation (Sr*102) due to non-
measured components does not exceed 2.46. A change in
the flow rate of the gas mixture in the studied interval (2 -
40 1I/h) does not significantly affect the value of the sensor
output signal. Thus, as a result of the experiments carried
out, a selective semiconductor carbon monoxide sensor was
developed, which provides an express determination of
carbon monoxide in a wide range of its concentration in
atmospheric air and process gases. The developed
semiconductor carbon monoxide sensors in terms of
accuracy and reproducibility are in no way inferior to well-
known foreign analogues, while retaining the following
characteristics: rapidity, portability, ease of manufacture and
operation. The value of the relative standard deviation (Sr)
due to unmeasured components does not exceed 0.05. A
change in the flow rate of the gas mixture in the studied
interval (5 - 50 I/h) does not significantly affect the value of
the sensor output signal. The output signal of the sensors
also does not depend on the location in space and the angles
of inclination, which makes it possible to classify the
developed sensors (according to GOST-13320-82) as
independent ones.
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CONCLUSION

Thus, the effect of a dopant on the regularity of the sol-gel
synthesis of a gas-sensitive material based on
tetraethoxysilane and metal oxides (Ti and Cd) in the
presence of a template was studied. Analysis of the
composition of the synthesized nanocomposites by DTA,
XRD, and SEM showed that the elemental composition of
HCM corresponds to the composition of the components
used in their preparation. To obtain highly porous films,
heat treatment of HCM at 400-450 °C is recommended.
Samples of thin films of the TEOS/75TiO2+CdO
composition, which are gas sensitive to CO, have been
obtained. Selective sensors for carbon monoxide (I) based
on the developed HCMs have been created and optimal
conditions have been established that ensure the highest
sensitivity and selectivity of the developed sensors.
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