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A propane gas detector was built based on the semiconductor nickel antimonate oxide (NiSb2O6) by means of an analog electronic
circuit. The gas detector was designed for monitoring atmospheres where the leakage of propane gas could possibly occur. The
prototype’s construction methodology is presented in 5 stages: (1) synthesis of NiSb2O6 oxide powders, (2) characterization of
the powders by XRD and TEM, (3) manufacture and electrical characterization of the chemical gas sensor, (4) design of the
analog circuit based on the electrical response of the gas sensor, and (5) functionality tests. The gas detector was built at low
cost and showed excellent functionality. The operating conditions were as follows: 200°C, gas concentration of 5 ppm, electronic
circuit gain of 5, and sensor sensitivity of 0.41.

1. Introduction

Health assurance systems are very important in industrial pro-
cesses because they help prevent and eliminate emergencies,
saving human lives and avoiding high economic costs. Among
others, there are several types of health risks’ scenarios: vibra-
tions [1], short circuits [2], and fuel [3] and toxic gas leaks (pro-
pane, methane, ethane, carbon monoxide, and carbon dioxide)
[4]. Exemplarily, propane gas detection systems play a very
important role in the work with boilers because they prevent
possible explosions due to failures in flame control [5]. These
protection systems basically consist of a chemical sensor for
propane gas and an electronic circuit for signal adaptation.
The chemical sensor can be built based on semiconductor
materials while the electronic circuit can be analog or digital.

Nowadays, semiconductor materials are being thor-
oughly studied to be applied as gas sensors. This is because
materials like the semiconductor oxides show interesting

chemical and physical properties when the surface of these
materials come into contact with an oxidizing or reducing
gas. In fact, their response is affected when the surface reacts
chemically or physically with the molecules of test gases,
varying the conductance and resistance as a function of
concentration [6–8]. This change in electrical properties
depends on the type of semiconductor material (p-type or n
-type) [6, 7]. It has been reported in the literature that when
a p-type semiconductor comes into contact with gas mole-
cules like CO, the conductance diminishes and the electrical
resistance increases [9]. Further, if the same semiconductor
absorbs a gas such as O2, then the conductivity rises and
the electrical resistance decreases [6]. On the other hand, if
an n-type semiconductor is subjected to CO2 or O2 atmo-
spheres, the opposite of the p-type semiconductor will occur
[10]. These behaviors are due to the nature of the charge
carrier that the semiconductor possesses. According to the lit-
erature, several semiconductor materials have been proposed
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for sensing applications, being some of them binary semicon-
ductors (like NiO, CuO, WO3, and TiO2) [11], perovskites
(BaTiO3, NdCoO3, and ZnSnO3) [12–14], spinels (AlCo2O4,
NiFe2O4, andMgFe2O4) [15–17], and trirutiles (MX2O6 where
M can be Ni, Co, or Cu and X is replaced by Sb or Ta [18, 19],
like NiSb2O6 [20], CoTa2O6 [21], and NiTa2O6 [22]). Regard-
less of the semiconductor material used for the sensor, an
electronic circuit with desirable features is required for signal
adaptation: low cost, high functionality, fast response, high
sensitivity, excellent repeatability, high resolution, and easy
construction.

In this work, a propane gas protection system, applicable
for securing atmospheres free of such toxic gas, is proposed.
The gas sensor was built on the basis of powders of synthesized
nickel antimonate oxide (NiSb2O6), which is a trirutile-type
semiconductor, and its signal adaptation was implemented
using an analog circuit of operational amplifiers. The powders
were characterized through X-ray diffraction (XRD) and
transmission electron microscopy (TEM), while the sensor
was physically characterized using static electrical tests. Based
on the sensor’s electrical response, an analog electronic circuit
was chosen for adapting its signal. By combining the gas sen-
sor and the electronic circuit, a prototype was designed for
monitoring possible propane gas leaks. Its operating parame-
ters were as follows: propane gas concentration of 5 ppm,
temperature of 200°C, circuit gain of 5, and sensor sensitivity
of 0.41. Experimental tests of the gas detector showed excellent
functionality, repeatability, and fast response.

2. Materials and Methods

2.1. Materials. Figure 1 shows the electronic diagram of the
propane gas detector which consisted of a sensor based on
the nickel antimonate oxide (NiSb2O6) and an analog circuit.
For the new device, it was required to have a 120/32V trans-
former, a KBL610 diode bridge, an LM7812 regulator, an
LM7912 regulator, four capacitors of C1 = C2 = C3 = C4 =
2200 μF, two capacitors of C5 = C6 = 0:1 μF, two resistors of
R1 = R2 = 516Ω, six resistors of R3 = R4 = R5 = R6 = R7 = R8
= 1 kΩ, a 1 kΩ trimpot calibrated to RCal = 516Ω, and a 10
kΩ trimpot calibrated to RGain = 500Ω.

2.2. Methodology. Figure 2 shows schematically the proposed
methodology for the detector implementation. The methodol-
ogy consisted basically of two stages: sensor fabrication and
signal adaptation. In the sensor fabrication, the NiSb2O6 oxide
powders were synthetized and characterized by XRD, the
surface was analyzed through TEM, and pellets made with
the powders were produced, whose electrical response was
measured. In the signal adaptation, an analog circuit was built
based on the sensor’s electrical response, and it consisted of a
Wheatstone bridge, an instrumentation amplifier, a compara-
tor, and a DC supply source.

2.3. Chemical Sensor Fabrication. Figure 2 shows that the
fabrication of the chemical sensor consisted of four phases:
(1) synthesis of NiSb2O6 powders, (2) surface analysis, (3)
pellet fabrication, and (4) electrical characterization. Each
phase is described next:

(1) The NiSb2O6 powders were synthetized applying the
microwave-assisted wet chemistry process described
in references [23, 24]. The same concentrations,
times, and equipment were used as indicated there

(2) The NiSb2O6 powders were characterized by XRD. In
this case, Cu-α radiation with a wavelength of
1.5406Å was used in a Panalytical Empyrean diffrac-
tometer. In addition, a 2θ sweep was performed in
the range of 10 to 90°, with steps of 0.02° and a time
of one second per step. The surface analysis was done
using a transmission electron microscope (Joel Brand
JEM-ARM200F) in a mode image. The nanoparticles’
size was measured from the images acquired by the
TEM. Previously, the individual nanoparticles of the
NiSb2O6 powders were ultrasonically dispersed for
10min and then deposited on a 300-mesh copper grid
containing a formvar/carbon membrane (Ted Pella)

(3) To produce the pellets, 0.4 g of NiSb2O6 powders was
compacted with a pressure of 20 tons during 170min.
Simple Ital Equip-25t equipment was used for that.
The dimensions of the pellets were 12mm in diame-
ter and 0.5mm in thickness. The pellets were placed
on a metallic base inside the chamber. Two ohmic
contacts made of high-purity colloidal silver paint
(Alfa Aesar) were placed on the surface of the pellets,
installing two electrodes on them so that there would
be contact between the surface of the pellets and the
test gas. The electrodes were separated in such a
way that there was no contact between them, which
allowed obtaining correct readings of the changes in
electrical resistance of the sensor and, therefore,
correct readings of sensitivity [24, 25]. The configura-
tion of the sensing system is presented in Figure 3

(4) In order tomeasure the sensitivity of the chemical sen-
sor, it was placed inside the propane detection system
for the static tests, which were based on the variation
of the resistance when the NiSb2O6 was exposed to
propane flows at concentrations of 1, 5, 50, 100, 200,
300, 400, and 500ppm and working temperatures of
100, 200, and 300°C. The sensitivity S was calculated
using the following equation [24, 26]:

S =
Gg −Go

Go
, ð1Þ

where Gg and Go are the material’s electrical conductances
(reciprocal of electrical resistance) in propane and air,
respectively. Both terminals were connected to a Keithley
2001 digital multimeter and a voltage supply [23–25]. A
measuring vacuum chamber with a vacuum capacity of 10-3

Torr was used. Gas concentration and partial pressure were
controlled using a TM20 Leybold detector. The conductance
was measured using a Keithley digital multimeter as a func-
tion of the operating temperature and the gas concentration
(see Figure 3).
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2.4. Signal Adaptation. For the signal adaptation, an analog
electronic circuit based on operational amplifiers was pro-
posed. For its design, an operating temperature of 200°C, an
operating concentration of 5 ppm, and a circuit’s gain of 5
were considered. The sensor’s resistance and sensitivity were
RS = 516Ω and S ≈ 0:41, respectively. The electronic diagram
is shown in Figure 1. Two stages were required for its appli-
cation: calibration and detection.

2.4.1. Calibration. Firstly, the sensor was calibrated in an air
atmosphere where the electronic detector did not produce
the alarm signal, VAlarm = 0: Then, the following steps were

required: (a) the resistive chemical sensor was placed in
atmospheres with no presence of propane gas, whose
terminals were connected to a Wheatstone bridge; (b) the
Wheatstone bridge was calibrated by varying RCal until the
condition VBA =VB −VA = 0 was met, calculating VBA with

VBA =VB − VA =Vcc
RCal

R2 + RCal
−

RS
R1 + RS

� �

= 12V 516Ω
516Ω + 516Ω −

516Ω
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ð2Þ
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Figure 1: Propane gas detector.
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Figure 2: Stages required for the propane (C3H8) detection device.
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where Vcc = 12V is the supply voltage, R1 and R2 are preci-
sion resistors, RS is the resistance of the chemical sensor,
and RCal is a variable resistor for calibration; (c) an amplifier
was used to compare voltages VB and VA, and it was also
used to amplify the input voltage VOAI, which was

VOAI = VB −VAð Þ 1 + 2R3
RGain

� �

= 0 1 + 2 1 kΩð Þ
0:5kΩ

� �
= 0 5ð Þ = 0V,

ð3Þ

where the term ð1 + ð2R3/RGainÞÞ = 5 defines the gain, RGain is
a variable resistance to increase the sensitivity of the propane
detection device, R3 is a precision resistor, and the condition
R3 = R4 = R5 = R6 = R7 = R8 was true, and combining expres-
sions (2) and (3), the voltage VOAI was

VOAI =Vcc
RCal

R2 + RCal
−

RS
R1 + RS

� �
1 + 2R3

RGain

� �

= 12V 516Ω
516Ω + 516Ω −

516Ω
516Ω + 516Ω

� �
1 + 2 1 kΩð Þ

0:5 kΩ

� �
= 0V ;

ð4Þ

(d) reference voltages VRef and VOAI were compared
using a comparator circuit such that the alarm signal VAlarm
was given by

VAlarm = AolVOAI = 10000 0Vð Þ = 0V, ð5Þ

where Aol ≈ 10000 is the operational amplifier’s gain in
an open loop. The detector device did not generate an alarm
signal because the sensor was not detecting the propane gas.

2.4.2. Detection. In the detection stage, the resistive sensor
based on the NiSb2O6 oxide was installed in atmospheres
with the presence of C3H8 gas, installing the electronic device
in a secure area. Then, the following steps were required: (a)

when the sensor detected the propane gas, the Wheatstone
bridge had an imbalance by ΔRS, satisfying the condition

VBA =VB −VA =Vcc
RCal

R2 + RCal
−

RS−ΔRS
R1 + RS−ΔRS

� �

= 12V 1
2 −

516Ω−ΔRS
516Ω + 516Ω−ΔRS

� �
> 0V,

ð6Þ

such that VB >VA is satisfied because 1/2 > ð516Ω−ΔRSÞ/
ð516Ω + 516Ω−ΔRSÞ is true; (b) the instrumentation
amplifier produced an output voltage VOAI given by

VOAI = 60 1
2 −

516Ω−ΔRS
516Ω + 516Ω−ΔRS

� �
> 0, ð7Þ

where the value of 60 is obtained multiplying Vcc = 12V
and ð1 + ð2R3/RGainÞÞ; (c) the alarm signal VAlarm was pro-
duced by the comparator circuit shown in Figure 1, and
based on equation (5), it is

Temperature
controller

Pressure meter

Multimeter

Vacuum valve

Pellets

Chamber

Heating
resistance plate

�ermocouplePellets

Chamber

�ermocouple

200 

Gas entrance

Cable
connection

Computer

Electrodes

0.988 k𝛺

Figure 3: Schematic diagram of the sensing system for the static tests in propane atmospheres at controlled temperature and pressure.
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VAlarm = 10,000ð Þ60 1
2 −

516Ω−ΔRS
516Ω + 516Ω−ΔRS

� �
=VSat,

ð8Þ

where VAlarm and VSat ≈ 11:3V are the same value since
the operational amplifier was in saturation due to the high
gain Aol. In this case, the signal alarm VAlarm ≈ 11:3V was
produced because the gas sensor detected the presence of
the propane gas in the monitored atmosphere.

3. Results and Discussion

3.1. XRD Analysis. Figure 4 shows the diffractogram of the
NiSb2O6 oxide calcined at 800°C. As it can be observed, the
most intense reflections belong to the main phase of the
oxide. The diffraction pattern obtained in this study was
identified using the database’s file JCPDF 38-1083 and PDF
86-0110. The material’s characteristic planes were located at
2θ = 19:22°, 21.43°, 27.14°, 33.50°, 34.99°, 38.80°, 40.19°,
53.22°, 56.03°, 60.23°, 62.77°, 63.32°, 67.20°, 67.78°, 73.89°,
80.89°, 83.13°, and 86.83°. According to the database’s file,
the NiSb2O6 oxide is a material that crystallizes in a tetrago-
nal structure with network parameters a = c = 4:641Å and b
= 9:219Å and space group P42/mnm (136). Additionally,
reflections associated with NiO were found in the same dif-
fractogram, located at 2θ = 37:11°, 43.25°, and 75.27°. These
points were identified by means of the file JCPDF 01-1239.
The NiO is a crystalline phase extraneous to the main reflec-
tions of the NiSb2O6, which crystallizes in a cubic structure
with cell parameters a = b = c = 4:1710Å and special group

Fm-3m (JCPDF 01-1239). The results presented in Figure 4
are consistent with those reported in references [20, 24, 25],
where the same compound was synthesized but following
different preparation processes, like solid-state reaction or
the colloidal route. In previous works, our research group
reported the synthesis of NiSb2O6 applying wet chemistry
processes [23–25, 27].

When we compare our XRD results with those reported
in reference [27], where the crystalline phase of the same
oxide was synthesized applying the solid-state reaction
method at a temperature of 1450°C, it can be seen clearly that
we obtained the crystalline phase of the NiSb2O6 at a signifi-
cant lower temperature.

0.2 𝜇m

(a) (b)

(c) (d)

20 nm

0.2 𝜇m 50 nm

Figure 5: (a–d) TEM images of NiSb2O6 nanoparticles obtained at 800°C.
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3.2. TEM Analysis. Figure 5 shows TEM images of the micro-
structure of the NiSb2O6 calcined at 800°C. The production
of nanoparticles with different shapes and sizes is clearly
discernible. The dark areas were due to the poor electron trans-
mission on the particles. As can be observed in Figure 5(a),
there is a large agglomeration of nanoparticles, which were
joined by the effect of the temperature applied to the precursor
material during the synthesis process. It can be seen that the
nanoparticles are joined together due to the formation of necks
caused by the coalescence of the particles, which is confirmed
in Figure 5(b). The size of the nanoparticles was estimated in
a range between 5 and 65nm, with an average of ~23.24nm
and a standard deviation of ±10.7nm (see Figure 6). The
growth of very fine particles (average size of ~2.8nm) on the
nanoparticles can be observed. The growth of different
morphologies can be discerned in Figures 5(c) and 5(d), as well
as square-shaped particles embedded in the material, with an
estimated size of ~78.57nm.

Figure 7 shows high-resolution TEM (HRTEM) images
of the surface of the NiSb2O6 nanoparticles calcined at
800°C. A zoom was made for identification of the particles’
crystalline planes, estimating the size of the nanoparticles at
50.3 nm and at 21.62 nm for the neck-shaped particles. The
formation of the planes indicated the crystalline nature of
the material. In the case of the nanoparticles joined by necks,
an orientation change of the crystalline planes can be
observed. The distance d between the planes was estimated
at 2.5636 and 4.1520Å, corresponding, respectively, to the
planes (103) and (101) of the tetragonal trirutile structure
of the NiSb2O6. These planes had a maximum diffraction
angle 2θ of 34.991 and 21.418°, which can be verified in
Figure 4. These results corroborated the formation of the
trirutile-type crystalline phase of the oxide.

3.3. Sensing Property Analysis. The analysis of the gas sensing
properties of the nanostructured NiSb2O6 was done at 0, 1, 5,
50, 100, 200, 300, 400, and 500 ppm of propane and at tem-
peratures of 100, 200, and 300°C. Sensitivity was calculated
with equation (1) [23–25]. The results are depicted in
Figure 8.

NiSb2O6 was clearly sensitive to each gas concentration
and operating temperature. However, there were no signifi-
cant variations at 100°C. However, as the temperature
increased, the sensitivity’s magnitude rose significantly. This
is corroborated in Figure 8, where the magnitude at 200°C

 20 nm

20 nm

0.2 𝜇m 

Figure 7: HRTEM images of the crystalline planes of the NiSb2O6 nanoparticles obtained at 800°C.
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was ~4.5. The maximum sensitivity value was ~15.5 at 300°C
and 500ppm of C3H8. The increase in material’s sensitivity is
caused by the rise in the number of gas molecules that react
with the adsorbed oxygen, donating electrons to the mate-
rial’s surface [28]. In addition, the NiSb2O6’s response is
associated with the oxygen desorption mechanism at high
temperatures [29]. When the tests were performed at tem-
peratures below 200°C, conditions were not enough to pro-
voke oxygen desorption reactions (mainly O2

- adsorption)
[30]; therefore, an electric response did not occur regardless
of gas concentration. However, by increasing the tempera-
ture to 300°C, the thermal energy was enough to form O-

and O2- [31], which caused a greater interaction between
the material’s surface and the gas molecules, leading to an
increase in material’s sensitivity [32]. The high sensitivity of
the NiSb2O6 is attributed to the nanometric particle size
achieved during the synthesis process.

The electrical characterization, by testing resistivity (ρ)
changes of NiSb2O6 pellets, was done in the presence of pro-
pane concentrations at different operating temperatures
(100–300°C). To estimate the changes in the electrical resis-
tivity ρ, the formula of reference [33] was used: ρ = RA/t,
where R is the electrical resistance in the test gases, A is the
area of the cross section, and t is the thickness of the pellets
(0.5mm thick, 12mm in diameter).

Figure 9 shows the results of plotting resistivity vs. concen-
tration and operating temperature. According to Figures 9(a)
and 9(b), it can be verified that as the operating temperature
increased, the electrical resistivity decreased and, therefore,
the conductivity of the material increased. The resistivity
changes of the NiSb2O6 are due mainly to the fact that with
the increase in temperature, the pellets’ surface shows oxida-
tion due to the oxygen present during the test [31, 34], which
provokes great mobility of the charge carriers and, therefore,
an increase in the conductivity of the material [34, 35]. We

observed during the experiments that by increasing propane
concentration (1 to 500ppm) and temperature, greater diffu-
sion of the test gas molecules occurred, favoring the decrease
in electrical resistivity [23, 34]. This behavior is typical of a p
-type semiconductor [20].

This behavior is attributed to the fact that the propane
molecules increased their kinetic activity on the pellets’
surface due to the operating temperature [34, 36, 37], which
in our case was 200 and 300°C. Some authors have reported
that changes in electrical response of a material like the one
used in this work depend strongly on temperature, type of test
gas, and sensor’s geometric shape (like pellets and thick or thin
films) [34, 35], all of which play a very important role in the
gas detection mechanism. The results presented in Figure 9
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Figure 9: Electrical response (resistivity) of NiSb2O6 pellets as a function of (a) C3H8 concentration and (b) operating temperature.
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are consistent with other studies reported in the literature for
semiconductors similar to NiSb2O6 [23, 24, 30].

In particular, the electrical resistivity at 100°C was very
high, with an almost linear behavior. It is clear that, at this
temperature, the propane molecules could not react with the
pellets’ surface, provoking a poor material’s response. In con-
trast, by increasing the operating temperature to 200°C, an
increase in conductivity was recorded. Due to such tempera-
ture increase, the pellets showed an inflection point at 200°C,
showing the most pronounced changes in electrical resistivity.
When the temperature was raised to 300°C, the electrical con-
ductivity increased considerably because the available thermal
energy made the oxygen react during the test, causing a
decrease in the electrical resistivity. At that point, the resistiv-
ity was 3.03Ω·m at 500ppm of propane. The high response of
the NiSb2O6 pellets is attributed to the nanometric particle size
obtained during the synthesis process.

When comparing the results of Figures 8 and 9 with other
binary (like tin dioxide) and ternary (like our NiSb2O6) semi-
conductor oxides that have been proposed as gas sensors [20,

24, 36], we see that the NiSb2O6 oxide (which possesses a
trirutile-type structure) showed greater response and thermal
stability in propane atmospheres at concentrations of 1–
500 ppm and at temperatures of 100, 200, and 300°C.

3.4. Resistance vs. C3H8 Concentration. From the resistivity
response shown in Figure 9(a), the electrical resistance of
our sensor was calculated applying the formula R = ρt/A,
where R is the electrical resistance in the test gases, ρ is the
resistivity, t is the thickness of the pellets (0.5mm thick,
12mm in diameter), and A is the area of the cross section.
The behavior of the resistance vs. C3H8 concentration was
calculated and graphed in Figure 10.

Observing Figure 10, when the chemical sensor detects
the propane gas, its electrical resistance decays for the three
operating temperatures. The highest resistance was recorded
at 100 and 200°C, whereas a lower resistance was recorded at
300°C. Therefore, our sensor had better sensitivity at 200 and
300°C (see Figure 8), with the resistance in the intervals 218–
13.45Ω and 525–85.32Ω, respectively.
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Figure 11: Economic target produced for our new detector device: (a) printed circuit board (PCB); (b) 3D proposal for the electronic
components’ distribution; (c) implemented target; (d) operation principle of our device.
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3.5. Operating Device. Figure 1 shows the electronic diagram
of our propane detector, whose operating parameters were as
follows: temperature of 200°C (see Figure 9(a)), gas concen-
tration of 5 ppm (see Figure 11), circuit’s gain of 5 (see
Figure 1 and equation (3)), sensor’s resistance of RS = 516Ω
(see Figures 10 and 11), and sensor’s sensitivity of S ≈ 0:41
(see Figure 8). Figure 11 depicts the electronic device and
its operation. The printed circuit board (PCB), whose size
was 10 × 10 cm, developed using the program Proteus®, is
shown in Figure 11(a). Figure 11(b) shows the 3D proposal
and the electronic component distribution, also developed
using Proteus®. The implemented propane detection device
can be observed in Figure 11(c), whose design is based on
the 3D proposal. The device works as Figure 11(d) illustrates.
Based on Figure 11(d), if the C3H8 concentration is equal or
greater than 5ppm, the sensor’s resistance diminishes and
the Wheatstone bridge is set unbalanced, causing the com-
parator circuit to generate the alarm signal VAlarm ≈VSat.
This generated voltage indicates “on alarm state.” But if the
C3H8 concentration is lower than 5 ppm, equation (2) is sat-
isfied and the alarm signal is close to zero (VAlarm ≈ 0), indi-
cating “alarm state off.” It is worth mentioning that the
sensitivity of our propane detector device can be improved
through the RGain: if RGain < 500Ω, the device will increase
its sensitivity, but if RGain > 500Ω, the sensitivity will be
reduced. Finally, the gas detector could operate between 1
and 500ppm by calibrating the Wheatstone bridge through
the resistance RCal.

4. Discussion

In reference [23], a carbon monoxide (CO) detector based
also on antimonite nickel was proposed, which could be
applicable in atmospheric environments where the combus-
tion in air of propane (liquid) already occurred. In the pres-
ent work however, our goal was precisely the prevention of
explosive catastrophes. Therefore, we proposed an economi-
cal and easy-to-implement propane gas detector, where the
nickel antimonite could be applied as a gas sensor in an
analog circuit based on the oxide’s electrical response. So,
comparing both proposals, our detector was focused on the
prevention of catastrophes in order to avoid possible human
and economic losses, while the detector of reference [23] was
only focused on monitoring possible human intoxications by
carbon monoxide due to explosions that already could take
place. In such a manner, our future work has three directions:
(1) application of the NiSb2O6 oxide in the quasidistributed
detection of propane gas and carbon monoxide, (2) develop-
ment of more efficient electronic devices for gas sensing
based on nickel antimonite, and (3) reduction of the device’s
operating temperature.

5. Conclusions

In this work, a novel propane detection device was proposed,
built, and tested. Our device possesses low cost, versatility,
high sensitivity, good performance, fast response, selectivity,
adaptability, propane (C3H8) concentration detection between
1 and 500ppm, operating temperatures of 200 and 300°C

(optimal temperature operation at 200°C), dimensions of 10
× 10 cm, AC supply voltage (120volts), and output voltage
called “alarm voltage” ðVAlarm ≈ 11:2 voltsÞ. The prototype
system consisted of an analog circuit which required aWheat-
stone bridge, an instrumentation amplifier, a comparator, and
a DC supply source, while the chemical sensor was based on
the NiSb2O6 oxide: NiSb2O6 powders were synthetized
through the colloidal method, characterized by XRD, its
microstructure was observed using TEM, the particle size
was measured from the TEM image, and its electrical response
was proven through static electrical tests.

In summarized form, our propane gas detection system
has some important features:

(1) The device can detect propane concentrations in
extended intervals. The concentration value can be
selected through the potentiometer RCal

(2) Sensitivity and response time can be increased using
the potentiometer RGain (see Figure 1)

(3) The detector can operate efficiently at relatively low
temperatures, being ideal for industrial applications

(4) Its supply voltage is 120V (AC), and its output signal
is ≈11.3V (DC)

(5) The detector has low cost, easy implementation,
excellent sensitivity, and fast response

All these characteristics make our proposed detection sys-
tem an excellent candidate for being used in industry and
other areas where the leakage of propane gas could be a risk.
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