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Recent Advances and Trends in Filters for Highly Selective Metal Oxide Gas Sensors

Seong-Yong Jeong""

Abstract

Metal-oxide-based semiconductor gas sensors are widely used because of their advantages, such as high response and simple sensing
mechanism. Recently, with the rapid progress in sensor networks, computing power, and microsystem technology, sensor applications
are expanding to various fields, such as food quality control, environmental monitoring, healthcare, and artificial olfaction. Therefore,
the development of highly selective gas sensors is crucial for practical applications. This article reviews the developments in novel sen-
sor design consisting of sensing films and physical and chemical filters for highly selective gas sensing. Unlike conventional sensors,
the sensor structures with filters can separate the sensing and catalytic reactions into independent processes, enabling selective and sen-
sitive gas sensing. The main objectives of this study are directed at introducing the role of various filters in gas-sensing reactions and
promising sensor applications. The highly selective gas sensors combined with a functional filter can open new pathways toward the
advancement of high-performance gas sensors and electronic noses.
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Fig. 1. Studies on metal oxide chemiresistors for a specific gas detec-
tion [Web of Science Core Collection Search: “TS = (gas
sens*), TS = (metal oxide), and (specific gas)” have been
used for searching on January 12, 2024 (specific gas = hydro-
gen, ethanol, nitrogen oxide, carbon monoxide, ammonia,
acetone, methane, hydrogen sulfide, triethylamine, trime-
thylamine, aromatic compounds (benzene, toluene, and
xylene), aldehyde, ethylene, and dimethylamine].
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Fig. 2. Gas sensor with (a) physical filter and (b) catalytic filter.
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Fig. 3. Gas sensing mechanisms of (a) n-type and (b) p-type oxide
semiconductor gas sensors.
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Fig. 4. Schematic image of gas sensing chamber and gas filtering
mechanism for commercial SnO,-based sensor with MIL-
160/PDMS and Cu(BTC)/PDMS filters. Reprinted with per-
mission from Ref. [11] Copyright (2020) American Chemical
Society.
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ZnO nanorods (a)

ZnO@ZIF-8 nanorods(b)

Ethanol
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Toluene
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. \ L
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Gas Response Gas Response

Fig. 5. Gas responses of pure ZnO nanorods and ZIF-8 coated ZnO
nanorods to 100 ppm ammonia, methanol, ethanol, form-
aldehyde, acetone, and toluene at 300°C. Reprinted with per-
mission from Ref. [16]. Copyright (2015) American
Chemical Society.
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Fig. 6. Gas response of (a) pure TiO, and (b) ZIF-7/PEBA mixed-
matrix membrane-coated TiO, sensors to 5 ppm benzene [B],
carbon dioxide [C], ethanol [E], formaldehyde [F], toluene
[T], and p-xylene [X] at 23°C under UV illumination (wave-
length: 365nm). Reprinted with permission from Ref. [22].
Copyright (2021) Springer Nature.
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Si/WO0; Si/WO; + Pt/Al,0;
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Fig. 7. Gas response of (a) Si-doped e-WO; sensor and (b) Si-doped
&-WO; sensor with Pt/AL,O; packed bed to 1 ppm isoprene
(green), acetone (blue), ethanol (red), H, (purple), ammonia
(yellow), or CO (black). Reprinted with permission from Ref.
[23]. Copyright (2020) WILEY-VCH.
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Fig. 8. (a) Schematic image of gas sensing mechanism at 375 °C.
Gas response of (b) pure SnO, and (c) Cr,O; coated- SnO,
sensor to 2.5 ppm ethylene [E], TMA [T], DMA [D], NH;
[N], ethanol [A], HCHO [F], CO [C]. Reproduced with per-
mission from Ref. [29]. Copyright (2020) WILEY-VCH.
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Fig. 9. (a) Gas response for diverse sensors ([i] CeO,/SnO,, [ii] CeO,/Pt—Sn0,, [iii] CeO,/Au—Sn0O,, [iv] CeO,/In,O;, [v] CeO,/Rh—In,0;, [V]
CeO,/Au-In,0;, [vii] CeO,/WO;, [viii] CeO,/ZnO). Schematic image for the detection mechanism of the bilayer sensors. Reproduced
with permission from Ref. [30]. Copyright (2023) Springer Nature.
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