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Abstract

This paper examines new approaches in the synthesis of carbon Received: 18 October 2024
dioxide gas sensors using conductometry. Since 2020, conductive Accepted: 1 March 2025
sensors have experienced significant growth due to their specific Page Number: 36-47

advantages. These sensors are divided into thermal and electrical
categories, each offering specific benefits depending on
application needs and environmental conditions; if accuracy and
rapid response are crucial, thermal conductive sensors are a better
option; however, if cost and compatibility with electronic systems
are a priority, electrical sensors can be a suitable choice.
Nanomaterials such as metal oxides and polymer nanoparticles are
recognized as advanced sensing materials, providing
improvements in selectivity, sensitivity, and response time.
The study also addresses the conductive properties of
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Figure 1. Gas detection sensor parameters.

1. Internet of Things

2. Carbon Dioxide

(V&-€) 9359 a2 9 390 0l — @)l gy Jw = Uyl Gomhs wSdae s

© 000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000:

(3

YP-FY o — o), 9 bk

P

ey temian 3 B LSl gil glgil pusT a0 5 4o



Elecirochemical Sensors

Photoelectric Sensors Semiconductor Sensors

sensing film

/{‘\ 1 :;]\:.-"....k...b.

gold signal electrodes

=
g
b

(3

NiCr L Pwire
heater L

YE-YY @0 - o550 g yleoadis

0B e e cocc00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000ssccsccssssscssccsscsssssscsccacsss

Thermal Conductivity Sensors Inirared (IR) Sensors

eSS a0 S HS paaddl sla Seua gl g3l Y JSud

Figure 2. Types of carbon dioxide gas detection sensors.
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Figure 3. Carbon dioxide gas sensor mechanism.
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Infrared sensors

NDIR sensors were used in HVAC
systemns due to their high accuracy
and ability to measure high
concentrations,
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Conductive Sensors

The high popularity of conductivity
sensors is due to their easy
construction, long lifespan, high
sensitivity, and quick response,

Figure 4. History of gas sensors.
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2. Wheatstone Bridge

1. Conductive Gas Sensors
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Figure 5. Classification of types of directional sensors.
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Figure 6. Schematic of thermal conductivity sensor.
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Structure and Arrangement of
Nanoparticles

The arrangement of nanoparticles has a
great effect on thermal conductivity. Denser
nanoparticles have better conductivity.

Pollution and impurities

The presence of impurities in nanoparticles q
leads to a decrease in thermal conductivity
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Nanoparticle size

Nanoparticles with smaller sizes typically
have lower thermal conductivity.The larger
the size, the greater the conductivity.

Temperature

Thermal conductivity usually increases with
increasing temperature, but this relationship is
not linear and may be affected by phase
changes and other phenomena
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Figure 7. Effective factors on thermal conductivity.
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Thermal Conductivity Sensors

Advaniages

High Sensitivity
Non-Destructive
Broad Range of Gases

Stable Calibration

Disadvaniages

* Temperature Dependence
Limited Selectivity
Response Time

Cost
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Electrical Conductivity Sensors

Advaniages

Fast Response Time
Compact Size
Cost-Effective

Good Selectivity

Disadvantages

Limited Lifespan
Cross-Sensitivity

Power Consumption

Temperature and Humidity
Sensitivity
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Figure 8. Advantages and disadvantages of thermal and electrical sensors.

1. Tin Oxide
5. Thermal Conductivity Sensors

2. Zinc Oxide

6. Semiconductor Metal Nanooxides

3. Titanium Oxide 4. Nanomaterials

7. Nanocomposites
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Figure 9. Nanomaterial synthesis methods.
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Figure 10. A view of a Semiconductor metal nanooxides-based sensor.
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Superconductivity: by cooling
resistivity resistivity drops to zero

Conductivity of metals decreases
with temperature. Increased interaction
of electrons with lattice!

Conductivity of insulators and
semiconductors increases with temperature.
Concentration of carriers increases!
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Figure 11. Diagram of changes in electrical conductivity of metal oxides with temperature.

(Ni,Mn,Fe)O, (NTC)

+ ALO, VO,

TiO,

+ TiO, ;

Insulators

1013 10 10

Semiconductors

TiN, TiB,
™ MoSi,, n-BaTiO, (PTC)
(Fe,Ti),0, (NTC)

ReO,, RuO,, IrO,
YBa,Cu,0,,

Conductors

10¢

| Superconductors

102

(o o]

Conductivity,Q'm!

40 18 (slaascs) g3l 31 A i (S S Cualan bu gue N Y S

Figure 12. Electrical conductivity range of some important nanometal oxides.
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1. Conductive Polymers

2. Polyaniline

3. Polypyrrole

4. Polythiophane

5. Ceramic Nanocomposites
6. Metal Nanocomposites
7. Polymer Nanocomposites
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Table 1. Summary of thermal and electrical conductivity of CO, sensors based on the most important nanomaterials.

Electrical Thermal Operating
Material Example conductivity conductivity C (COy), ppm Temperature,
(S.em™) (W/M.K) oC
Nanostructured Zno 10°-10* 20-40 <100 oM
metal oxide Sno; 10°-10* 16-30 >1oog me 20-600
(NMOS) TiO, 107-7- 1071 5-10
Polymer nanostructures Polyacrylonitrile (PAN) 10°- 10° 0.1-05 <10 ppm — 0100
(PN) Polypropylene (PP) 1012 10° 0.1-0.3 >1000 ppm
Carbon nanostructures Graphene Ao 5000 10 ppm< 20-25
Carbon nanotube 10* 3000 PP <0-150
Nanocomposites (carbon Graphene/polymer 10°-10* 10-30 <10 ppm — N
nanoparticles /polymer) nanotube /polymer 10°%< 10-50 >1000 ppm
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