NeuroQuantology | May 2020 | Volume 18 | Issue 5 | Page 12-16 | doi: 10.14704/nq.2020.18.5.NQ20161

Zaman Hameed Kareem, Development Performance of Thermocatalytic Gas Sensors for Control of Incendiary Gases

é

Development Performance of Thermocatalytic
Gas Sensors for Control of Incendiary Gases

Zaman Hameed Kareeml*, Dr. Duaa Adil Uamranz, Hayder Ridha AIi3, Ruwaidah Kareem Abdulmunem®

Abstract

Methods for making gas sensors having little estimations of force use are considered. This result is related to the
introduction of nanostructured alumina into the arrangement of thermocatalytic and semiconductor gas sensors,

which fills in as the explanation behind the advancement of their sensitive segments.
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Introduction

To solve modern problems of ensuring human life
safety and operational monitoring the ecological
state environment, industrial, sanitary residential
areas, measuring tools are needed to determine
small concentrations hazardous gaseous
substances. For their creation, most promising
thermocatalytic metal oxide semiconductor
sensors. Such sensors used in portable devices
designed for long-term work with autonomous
power sources. Thermocatalytic gas have been
detect combustible gases over 50 years. The
common type such is a pellistor consisting spiral
platinum wire embedded spherical ceramic
capsule-bead [1].

A layer noble applied capsule highly developed
surface, which when heated acts as catalyst,
contributing exothermic oxidation gas. As gas-air
mixture passes, combustion occurs on surface
catalytic heat generated increases temperature
capsule. Increase sensor resistance caused by this
recorded equipment. In recent years, widely
technology manufacture includes use nanoporous
alumina (Al,03) various modifications dispersed Pt-
Pd films deposited its [2].

Principle operation based change conductivity gas-

sensitive during chemisorption surface. above
requires high operating temperatures and,
consequence, increased consumption. Order

operate long time without changing source, two
conditions must be met: first, not exceed 100-150
mw continuously an ~ 450° C (stable methane
recording temperature), secondly, chip withstand
multiple heating cycles (at least several million) [3].
Under these conditions, suitable mass production
analytical devices. solution problem possible,
firstly, combining micro-machine microelectronic
integrated technologies [4], using new materials
design sensors, example, nanostructured alumina,
makes it possible create low consumption thermal
response time. Below considered designs
manufacturing  techniques  thermo  ensure
fulfillment requirements million).
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As of late, the most generally utilized innovation for
the production of reactant sensors incorporates the
utilization of nonporous as an earthenware
container. Alumina (Al;03) of different changes and
exceptionally scattered Pt-Pd films stored on its
surface [2]. The rule of activity of metal oxide
semiconductor sensors depends on an adjustment
in the conductivity of the gas-touchy layer during
chemisorption of different gases on the
semiconductor surface [3].

The utilization of the above sensors requires high
working temperatures and, as a result, expanded
force utilization. All together for gadgets with gas
sensors to work for quite a while without changing
the force source, two conditions must be met: first,
the sensor power must not surpass 100-150 mW
when consistently warmed to a working
temperature of ~ 450° C (stable methane recording
temperature), and furthermore, the gas sensor chip
must withstand different warming cycles (at any
rate a few million).

Under these conditions, the gas sensor is
reasonable for large scale manufacturing of gas
diagnostic gadgets. The answer for this issue is
conceivable, right off the bat, by consolidating
smaller scale machine and microelectronic
coordinated advances [4], and furthermore, by
utilizing new materials in the structure of sensors,
for instance, nanostructured alumina, which makes
it conceivable to make sensors with low force
utilization and long warm reaction time. The
following are viewed as the plans and assembling
methods of thermo reactant and metal oxide
semiconductor sensors, intended to guarantee the
satisfaction of the above necessities.

Analysing Problem

In this work, we consider the properties of a
catalytic sensor, the heater of which is made of
single-crystal silicon and is a parallelepiped with
sides 0.22 x 0.22 x 0.15 mm, cut out of a single-
crystal silicon plate doped with boron with a
specific resistance of 0.3 1 ¢ cm 0.3 mm thick and
surface orientation (100). The contact leads to the
lateral surfaces of the silicon parallelepiped were
made by thermal compression of a Pt wire with a
diameter of 20 um.

To obtain a spherical surface of an alumina capsule,
two types of suspensions were used based on a
fine-grained Al;03 powder with sizes < 10 pm it’s
shown in Figure 1. The first type of suspension
consisted of a mixture of 4 g of Al,03 powder and
12 ml of a 50% solution of aluminum nitrate in

methyl alcohol. In the second type of suspension,
distilled water was used instead of methyl alcohol.
A suspension of the first type was applied to the
silicon heater with a pipette, followed by heating
the heater-alumina structure to 600-700° C with
the passage of current through the heater. A second
type of suspension was applied in a similar way to
the formed spherical ceramic surface, followed by
annealing of the structure in an oven at a
temperature of 700-8002C for six hours, followed
by slow cooling. A finely dispersed catalytic layer
was created on alumina by sequential deposition of
the PdCI2 and PtCl4 salts dissolved in distilled
water and calcination by passing a current through
a silicon heater.

Figure 1. SEM image of two highly polymerized samples in a double
alumina capsule

Figure 2 show the thermocatalytic sensor posted on
the metal posts of the casing. The current-voltage
characteristics of the sensor in the direct current
mode were measured in air and in a mixture of zero
air with CO.Were used gas mixtures with a carbon
monoxide content of 0.5, 1.0 and 2.0 vol. %.The
sensor response (AU = Uco - Uair) was determined
as the difference between the voltage on the sensor
when exposed to active gas (Uco) and the voltage on
the sensor in air (Uair) at the same heater current
value.Figure 3 presents the current-voltage
characteristics for a single-crystal silicon heater
(curve 1) and a sensor (curve 2).

Figure 2. Appearance of a thermocatalytic sensor boiled into the
housing
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Figure 3. Current-voltage characteristics as a function of current for a
silicon heater (curve 1) and thermocatalytic sensor (curve 2)

The formation of a ceramic “coat” on a silicon
heater changes the conditions of heat transfer from
its surface, thereby reducing the heater current
required achieving maximum sensor resistance by
4 mA (milliamp). The increase in the resistance of
the sensor as a whole compared with the resistance
of the heater is associated with the appearance of a
certain serial component, which is apparently
connected with the technology of manufacturing
the sensor, its showen in Figure 3.

Figure 4 shows the conditions AU = Ugo - Uair as an
element of the temperature of the sensor radiator
for three centralizations of CO in a blend with air.
Breaking down these conditions, we can recognize
the accompanying highlights in their conduct. As
opposed to the reactant sensor with a platinum
radiator, for the sensor with solitary gem silicon
warmer, there are two reaction districts: the locale
of positive and the area of negative AU (lo). For
positive estimations of AU, an articulated most
extreme is seen at a similar warmer current of 28
mA, paying little heed to the centralization of CO.
Simultaneously, the most extreme worth + AU rely
upon the focus as indicated by a straight law
(Figure 4) [7,9].
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Figure 4. The response of the thermocatalytic sensor as a function of
the current of its heater in an air-carbon monoxide mixture at CO
concentrations: 0.5% (curve 1), 1.0% (curve 2) and 2.0% (curve 3)

An analysis of the change in negative AU values

shows that it is possible to speak of a linear
dependence (-AU) on CO concentration only at a
heater current of ~ 50 mA.In the fabrication of
metal oxide semiconductor sensors, substrates of
nanostructured alumina 1.5 x 0.2 mm in size and
50 um thick were used. To create a microheater
pattern, standard microelectronics processes were
used, including magnetron deposition of platinum,
photolithography, and the process of ion-chemical
etching of platinum, which made it possible to
obtain the width of the resistor tracks from 10 to
30 pm with a gap of 3-5 pm. Figure 6 shows the
sensor element of the sensor (Figure 6 a) and the
gas sensor chip boiled into the housing (Figure 6 b).
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Figure 5. The dependence of the response of thermocatalyticsensor
on the concentration of CO in an air - carbon monoxide mixture

(a) Sensing crystal

(b) Sensing crystal boiled into the housing

Figure 6. Design of a semiconductor sensor on a substrate of
nanostructured anodic aluminum oxide with a sensitive layer based on
indium and tin oxides
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X-ray diffraction analysis showed that the
substrates of nanostructured alumina are a
homogeneous y-Al;03 phase and are devoid of the
usual amorphous components and additional
inclusions for such structures.The morphology of
their surface coated with magnetron sputtering by
a platinum film is shown in Figure 7.
\
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Figure 7. Morphology of the surface of the sensor substrate of
nanostructured Al20zin the upper slide and platinum deposited on the
surface of Al.03

It can be seen that the porosity of the platinum film
is a continuation of the porous structure of the
alumina substrate. The platinum elements of the
sensor, deposited by magnetron sputtering, had
good adhesion to the surface of the alumina
membrane and withstood repeated technological
heating above 750° C. The membrane and heater
had high long-term stability at a temperature of
450° C. The results of measuring the sensitivity of
sensors based on a nanostructured anodic alumina
and a 0.7 pm thick platinum heater with a gas-
sensitive layer consisting of indium and tin oxides
are presented in Figure 8.Thin films of indium tin
oxide (In203+Sn0;) (ITO) were grown on alumina
substrate using the direct evaporation method. The
sensing characteristics of these films to methanol
vapors were studied at room temperature. The
effects of different concentrations of tin oxide in
indium oxide and film thickness on sensitivity were
studied.

As a result of testing, it was shown that for the
effective operation of the proposed sensor for
methane detection (operating temperature ~450°
C), the necessary electric power supplied to the
microheater is 50-70 mW with constant heating.
This is approximately two times more than on
experimental measuring elements with a silicon
oxide / nitride membrane (25 mW), but 4-10 times
less than for commercially available samples of gas

sensors, for example, Figaro (Japan). Checking the
stability of chips with heaters made of sprayed
platinum showed that with continuous heating to a
working temperature up to 550° C, the heater drift
does not exceed 3% per year [5,6].

There are certain prospects for reducing the power
consumption of a semiconductor sensor to 30-50
mW at an operating temperature of ~ 450° C.
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Figure 8. Response of a semiconductor sensor as a function of the
current of its heater in a mixture of “air - hydrogen” and “air - carbon
monoxide” at a concentration of H2 10 ppm (curve 1) and CO 10 ppm
(curve 2), respectively
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For example, a further reduction in power
consumption is possible by reducing the area of the
heater to ~ 100x100 microns. Experiments have
shown the feasibility of such a possibility.

Conclusion

1. The use of nanostructured alumina and a
single-crystal silicon heater in a pellistor
type catalytic sensor qualitatively changes
the pattern of detection of active gases. This
change is due to the nonlinearity of the
voltammetric characteristic of the sensor. It
has been established that when exposed to
carbon monoxide, the positive component of
the sensory response has a pronounced
maximum at a heater current of 28 mA, and
the maximum value is proportional to the CO
concentration in the range from 0.5 to 2.0
vol.%.

2. The use of nanostructured anodic aluminum
oxide as substrates for semiconductor gas
sensors can significantly reduce its power
consumption. Measuring elements for gas
sensors that use nanostructured Al;O3
consume power of 50-70 mW (30-50 mW in
the future) when methane is detected in
continuous heating mode and can reach an
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average electric power consumption of up to
10 mW with pulse heating. This makes it
possible to successfully use these sensors in
handheld and stand-alone battery operated
devices.
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