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ANALYSIS OF HYDROGEN GAS DETECTION SENSORS

Annotation: The hydrogen gas sensor plays an important role in ensuring the safety of various
industries that are heavily dependent on high-pressure hydrogen gas. A new type of hydrogen sensors, solid
electrolyte, metal oxide semiconductor and other types are described. The gas sensor for hydrogen has the
characteristics of the target gas (chemically active, good thermal conductivity, low viscosity, etc.), so it is also
a sensor with the most detection principle compared to other combustible gases. Therefore, there are many
other sensors at the level of practical application or in development.Experiments are currently underway on
high-pressure hydrogen gas leaks and large amounts of hydrogen gas leaks, and some of them are obvious
to the general public. There are several methods for detecting hydrogen gas, but it is not possible to use the
infrared method, which has made significant technological advances in recent years, because hydrogen is
considered a monoatomic gas, unlike methane. There are three types of hydrogen sensors included in practical
use for safety reasons: they are catalytic combustion, semiconductor type and gas thermal conductor type.
There are several types of semiconductor sensors, but here we will analyze hot-wire semiconductor sensors.
In particular, it is characteristic of a high reaction with a wide concentration range and the like.

Key words: hydrogen sensor, gas sensor, catalytic combustion, thermal wire semiconductor, DPP.

Introduction

For the widespread distribution of hydrogen energy, including household fuel cells, it is
necessary to ensure its safety, and gas sensors play an important role in this. In this scientific work,
hydrogen gas sensors and relatively new sensors were analyzed. Hydrogen gases are very light
compared to other combustible gases, and have a high probability of leakage. Ensuring safety is a
prerequisite, so a hydrogen gas detection sensor is required. Methane is a compressed natural gas
(CNG,20 mpa) and has applications in many industries. Of course, safety issues must be taken into
account in practical application. Experiments are currently underway on high-pressure hydrogen gas
leaks and large amounts of hydrogen gas leaks, and some of them are obvious to the general public
[1]. There are several methods for detecting hydrogen gas, but it is not possible to use the infrared
method, which has made significant technological advances in recent years, because hydrogen is
considered a monoatomic gas, unlike methane. There are three types of hydrogen sensors included
in practical use for safety reasons: they are catalytic combustion, semiconductor type and gas
thermal conductor type. There are several types of semiconductor sensors, but here we will analyze
hot-wire semiconductor sensors.

Materials and methods

The characteristics of the three sensors in hydrogen gas detection are shown below. Catalytic
combustion sensor: combustible gas PT, PD. This sensor uses the combustion heat generated by
catalytic combustion. In the case of flammable gases such as methane and propane, the sensor
temperature must be 300 °C or higher. In this temperature range, the sensor output will be a diffusely
limited area depending on the gas concentration) and can be used permanently. However, if the gas
is limited to hydrogen, it is clear that it can be used at low temperatures (between 100°C-200°C). In
addition, selectivity in relation to other gases can be achieved, and use in this temperature range
may increase in the future. Semiconductor sensor: this sensor uses a change in electrical
conductivity due to adsorption of combustible gas on the surface of the metal oxide semiconductor.
The output signal is logarithmic, not linear, relative to the gas concentration. In other words, it is very
sensitive at low concentrations. Using this feature, he made many advances in the detection of low
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concentrations, which is not possible when using catalytic burning methods. Until now, there was no
sensor that would be selective to hydrogen gas and could be used permanently [2-4].

A semiconductor wire sensor with a silicon dioxide film formed on the surface of a
semiconductor has a high selectivity of hydrogen (a semiconductor sensor with a thermal selective
wire). In other words, the silica membrane acts as a crystalline aluminosilicates that allows only
hydrogen to pass through. Figure 1 shows the characteristics of hydrogen gas and the detection
concentration range of each sensor.
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Figure 1 — Different sensor detection concentration ranges (left) and output characteristics
of hydrogen selective semiconductor thermal sensor (right)

Sensors that use reactions with metals such as hydrogen at room temperature can be
expected to have high selectivity over hydrogen, as they do not react with gases other than hydrogen.

Thermoelectric hydrogen sensor — The detection principle is the same, it is a catalytic
combustion sensor. Thermocouples are used to determine the temperature difference. (Sage, a new
type of sensor using a thin film, was introduced. As mentioned above, it is important to note that
hydrogen gas is catalytically oxidized even at relatively low temperatures, as well as the technology
of creating a thin film is used in the sensor configuration. The technology used in MEMS, the feature
is the selectivity on hydrogen, can be operated at 100°C temperature (low power consumption) low,
detection range (100~3%). Figure 2 shows the scheme of work.
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Figure 2 — The concept of operation of a thermoelectric hydrogen sensor

Solid electrolyte hydrogen sensor. Zirconium oxide (ZrO,) with oxygen ions as a carrier
yttrium oxide (Y203) is added to stabilized zirconium dioxide (YSZ) which is widely used as an oxygen
sensor. Oxygen sensors use a" gas ion electrode ", which uses a gas of constant concentration
(oxygen) as a comparison electrode, and an electromotive force in the equilibrium state is used
(Nernst equation) [5].

High temperature is characterized by stability even at 600°C. There will also be the use of
this function as a sensor to detect hydrogen, carbon monoxide, where the proposed hydrogen sensor
can be used as a comparison electrode.

When measuring the concentration of oxygen in equilibrium, one electrode is used. The goal
of this is to get the potential at the same time and it should be as reversible as possible. However,
if, for some reason, irreversibility occurs in the electrode (reaction, etc.), an «potential opportunity»
occurs. However, if this is changed, flammable gases in the air can be detected in an unbalanced
way. The hydrogen sensor presented here uses stabilized zirconium dioxide and uses the
equilibrium property described above [4-6]. Hydrogen gas is adsorbed oxygen present at both poles.
02 — 2 (fig. 3). Oxidation reactions occur on both electrodes, but due to the difference between the
anode and the cathode electrodes, the anode prevails.
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Figure 3 — The principle of operation of a solid electrolyte hydrogen sensor

More oxidation reactions occur at the electrode than at the cathode. Below are the main
reactions on two electrodes in the case of hydrogen [3].

1 - -
Anode: H, + 3 * Og(ad) - H,0+2+e (2)
1 _ 1 -
Kathode: Z+0; +2xe” — —x Og(ad) (2)
Full reaction: H, + % * 0, - H,0

This reaction generates the following voltage on both electrodes (depending on the
logarithmic concentration):

R+T C d
US — S * ln H2(ad,K) (3)
nxF CH2(ad,A)

Here R: Gas Constant, Ts: absolute sensor temperature, F: Faraday constant.

The peculiarity of this sensor is that it is sensitive to hydrogen gas. The answer is very fast
(90% in a few seconds). However, hydrogen gas has no selectivity. It is also used as an electrolyte
material for the hydrogen sensor using a conductive solid electrolyte is also being developed. You
can see the sensor that uses the reaction between the 4th hydrogen gas and the metal. Here we
study hydrogen-specific PDDS. Explore sensors that use reactions with metals such as metals, and
this reaction can be divided into two types.

1.Metal occlusion: PDD is in atomic ratio at room temperature 0.6 can store twice as much
hydrogen. This occlusion causes changes in electrical resistance, weight, and volume, and can be
a sensor that uses these changes. For example, an example of a hydrogen sensor using the
cantilever Principle.

2.dissociative adsorption in metal: using the phenomenon of dissociative adsorption on metal
surfaces such as (H2->H+H). In this case, the effect of adsorbed atomic hydrogen is often used. For
example, an electric field change via hydrogen (electric dipole) is used at the metal-insulator
interface. A typical example of a MOSFET is a hydrogen sensor. An attempt was made to apply
transistor technology (device technology) formed on the substrate to gas sensors. However, it is not
practical as a gas sensor.

Application sensor it is clear that the hydrogen sensor is triggered based on this principle and
technology (fig. 4). Since it is based on a FET (field effect transistor) made on a P-type Si substrate,
it is called a MOSFET-type hydrogen sensor. (MOSMetal Oxide Semiconductor). The heater and
temperature sensor are located on one chip with the sensor. The chip size is about 1.5x1.5 mm2,
and the operating temperature is about 140°C, and the power consumption is less than 100 mW.
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Figure 4 — Schematic diagram of the operation_of a hydrogen sensor of the MOSFET type
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The sensor sensing principle is based on the working principle of the field effect transistor
(bipolar coupling mode). A catalytic metal stack is used as a gate for the device. Hydrogen gas in
the atmosphere replaces the characteristic curve |-V of the device, as shown in Figure 5. During
direct current operation, the concentration of hydrogen gas can be measured as the voltage change
(AV) of the device.

The chemical reaction of hydrogen gas can be described as follows. Hydrogen gas is
adsorbed on the surface of the metal layer of the catalyst and decomposed into hydrogen atoms
(dissociation adsorption). The hydrogen atom passes through the metal layer of the catalyst, reaches
the interface of the metal insulating layer, and forms an electric dipole layer at the interface. This
results in a decrease in the potential of the dipole boundary layer. This field effect has the same
effect as the change in the gate voltage on the transistor (the shift of the I-V curve in Figure 5). The
actual reaction site of hydrogen gas and the device is the boundary layer, where only hydrogen
atoms reach, resulting in selectivity. The reverse reaction is the transfer of hydrogen atoms from the
boundary layer to the surface of the metal layer and the formation of water molecules. (2H+0O->H20),
which is. The hydrogen sensor operates at low temperatures using a reaction with a metal as
described above, the selectivity of hydrogen, in which there are many actions, such as the variety of
detection signals, excellent characteristics have been performed. Next we will introduce two
«hydrogen sensor that receives protons» with the characteristics of interaction with hydrogen and
«photosensitive sensor for measuring hydrogen concentration» with the characteristics of signal

detection.
Current(p A)

50ppmH2 in Air

Voltage(V)
Figure 5 — Characteristics of MOSFET type hydrogen sensor V-I|

Results and Discussion

Hydrogen intake sensor. Pyrrolopyrrol pigment (DPP). This pigment is insoluble in all organic
solvents and is highly light and heat resistant. DPP is a pyridyl derivative of DPP. It has been found
that the amount of electrical resistance of a gas is significantly reduced by protonation, and this
phenomenon can be used as a gas sensor [5,7]. The design of the sensor is shown in Figure 6 (a).
In the glass substrate, Naito (indium and tin oxide) comb electrode and layer (vacuum evaporation
300~400 A). As a hydrogen protonation catalyst, PD particles are sprayed onto the comb electrode.
Shown in Figure 6 (B).
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Figure 6 — the structure and working mechanism of the Proton receiving hydrogen gas sensor
of the Working Mechanism

Hydrogen molecules are physically embedded on the surface of the DPP, diffused into the
DPP, and protonated by the PD catalyst to reduce the resistance value of the DPP. The peculiarity
is that it works at normal temperatures. The detection concentration range will be from 500 ppm to
100% of its width.
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Photosensitive sensor for measuring hydrogen concentration. The hydrogen sensor
described above uses hydrogen dissociation adsorption, which is designed to electrically detect
current (electrical resistance, potential, etc.). The sensor included here is a light-sensitive hydrogen
sensor that detects hydrogen through an optical method.

PdWO; was known to react with hydrogen gas, giving it a blue color. A photosensitive sensor
for measuring hydrogen concentration consisting of thin PD films [8-10].

However, this suggests that the reaction and return are faster than conventional hydrogen
sensors of this type, and that it is also excellent in its repeatability.

Conclusions

In this work, what is at the stage of practical application as a hydrogen gas sensor and some
new sensors are introduced. Currently, a research and development project is being implemented
in the direction of developing key technologies for the safe use of hydrogen.as presented in this
article, hydrogen is the basis for the implementation of energy distribution regulation. Based on this,
we conducted an analysis that high-pressure gas for hydrogen sensors provides safety.

In particular, it is characteristic of a high reaction with a wide concentration range and the
like. The gas sensor for hydrogen has the characteristics of the target gas (chemically active, good
thermal conductivity, low viscosity, etc.), so it is also a sensor with the most detection principle
compared to other combustible gases. Therefore, there are many other sensors at the level of
practical application or in development. There is also the possibility of the emergence of sensors
based on completely new ideas.
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AHANN3 OATYUKOB OBHAPYXXEHUA TA30O0OBPA3HOIO BOOAOPOOA
la3oobpasHbili 8000pOOHbIL Oamuyuk uspaem 8axHyK posnb 68 obecriedeHuu 6esonacHocmu

pasnuyHbix ompacrnel POMbIWIEHHOCMU, KOmMopble 8 3HayumesibHoU cmerneHu 3asucsim om
easzoobpasHoeo e8o00opoda e8bicokoeo OdaeneHus. OnucaHbl Oamuyuku eodopoda HO8020 muna,
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meepd03/1eKMpPOIUMHbIe, Memasiio-OKCUOHbIe 0s1yrpo8odHUKO8bIE U Opyaux murnos. [asoebili damyuk Orsi
onpedeneHusi godopoda obradaem xapakmepucmuKkamMu Uesiegoeo 2asa (XuMuyeckasi akmueHOCMb,
Xopowasi mensionpoe8oodHOCMb, HU3Kasi 853Kocmb U m.0.), MO3MOMy OH Mmakxe sersemcsi 0am4yukom C
Haubornee aghcbeKkmuBHbIM MPUHUUNOM OBHapyXeHUsI M0 CPasBHeHUo C OpyauMu 20pHUMU 2a3amu. Takum
obpasom, cywecmeyem MHOXecmeo Opyaux 0amuyukos, Haxo0faWUXCS Ha ypoBHe MpaKmu4yeckozo
npumeHeHusi unu 8 cmaduu paspabomku. B Hacmosiwee epemsi npo8odsimcsi IKCePUMEHMbI 10 ymeyke
e2a3oo0bpa3Ho2o 8odopoda nMod 8bICOKUM OaesrieHUeM U 8 bosiblUX Kosudecmeax, U HeKOmopbie U3 HUX
o4yesulOHbl Ons wupokol nybnuku. Cywecmeyem HECKONIbKO Memodo8 ObHapyxeHuUs 2a3006pa3Ho20
8odopoda, HO UuCrofb308amb UHGPaKpacHbIl Memod, Komopbili 8 mnocnedHue eo00bl 3Ha4umesibHoO
POGBUHYIICA 8 MEXHOI02USAX, HEBO3MOXHO, MOCKObKY 8000p0d cyumaemcsi 00HOamoOMHbIM 2a30M, 8
omu4yue om mMemana. Y13 coobpaxeHuli be3onacHocmu Ha npakmuke ucrnonb3yromces damyuku eodopoda
mpex murog: Kamasumu4ecKo20 20pEeHUSs, OoJlyNpoBOOHUKOBO20 muna U muha 2a308020
mennonpogodHuKka. Cywecmeyem HECKOIbKO murog osyrnpo8o0HUKO8bIX 0am4yukos, HO 30eCb Mbl
paccMompum os1ynpo8oOHUKO8ble dam4yuKku C mepmMornposodom. B yacmHocmu, amo xapakmepHo O1is
8bICOKOU peaKkyuu C WUPOKUM Ouarna3oHOM KOHUeHmpauul u momy nodobHoz2o.

Knroyeeble cnoea: [am4uk 6o0opoda, Oamyuk e2asa, Kamanumu4yeckKoe caopaHue,
rosnynpoe8odHUKo8bIl mepmorpoeod, DPP.
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CYTEI rA3blH AHBIKTAY OATYUKTEPIH TAINIOAY

Cymeei 2a3biHbIH CEHCOPbI XXOFapbl KbICbIMObI Cymeeai 2a3biHa Kammbi mayesidi spmyprii cananapobiH
KayincizdiciH kammamacbi3 emyde MaHbI30bl perl amkapadbl. Cymeai damyukmepiHiH XaHa mypi, kKammbl
aniekmponum, mMemarns OKCUOIHIH Xapmbinal emkisaiwi xoHe 6acka mypnepi cunammarnfaH. Cymeeaiece
apHarnFaH 2a3 0am4yuai Makcammsbi 2a30biH cunammamarnapbiHa ue (Xumusinblk 6enceHOi, Xakcbl Xbiy
emKi32ilumik, mymkblpribifbl memMeH xaHe m.6.), COHObiKmaH 051 backa XaHfblw 2a3dapMeH carnbicmbipraHoa
€H Ker aHbIKmay npuHyuni 6ap ceHcop 605bin mabbinadsl. COHObIKMaH npakmukarbiK KorndaHy 0eHeeliHOe
HeMmece a3iprieHyde kernnmezeH backa ceHcopriap 6ap. Kasipai yakeimma xofapbl KbICbIMObl Cymeai 2a3biHbIH
arybl XoHe cymeai 2a3blHbiH Ken menwepde arybl 6olblHWa 3KcriepuMeHmmep Xypeisinyde, onapObiH
Kelibipeynepi kenwinikke myciHikmi. Cymeei easbiH aHbikmaydbiH 6ipHewe odicmepi bap, bipak COHfbl
Xblndapbl alimapribikmal mexHOI02UssbIK Xemicmikmepee KOs emkiseeH UHgpakbi3bln adicmi KondaHy
MYMKIH eMmec, elimKeHi cymeai MemaHHaH alblpMaulbinbifbl MOHOamoMOb! 2a3 60sbin caHanadsl. Kayincizdik
MakcambiHOa npakmukanblKk KonldaHyra eHeisineeH cymeei OamyukmepiHiH yw mypi 6ap: onap
KamanumukarnbiK xaHy, xapmblial emkizaill mypi XoeHe ea3 xbliy emkizeiw mypi. apmbinal emkiseiw
OamyukmepOiq b6ipHewe mypi 6ap, bipak myHOa 6i3 bicmbiK CbiMObI Xapmblial emkisaiw damyukmepoi
mandalmbi3. Aman atimkaHOa, O/ KeH KOHUeHmpauus duana3oHbl bap Xofapbl peakuusiFa XoeHe COoJl
Ccusikmbliiapra moH.

Tyiin ce3dep: cymeai Oamuuzi, ea3 damuyuei, KamanumukarsblK XaHy, Xblily CbIMbIHbIH
Xapmblnal emkisaiwi, DPP.
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WHTErPALMA MHTEPHETA BELLIEEX U MALLMHHOIO OBYYEHUA ANA PASPABOTKU
WHTENJNEKTYAJIbHOU CUCTEMblI MOHUTOPUHI'A 3[10POBbA MALIMEHTA
N ®AKTOPOB OKPYXAIOLLEW CPE[bI

AHHOMauyusi. B cmambe paccmampugaromcsi MNepcriekmusbl UHmMezpayuu  mexHosoaul
UHmepHema seuwjeli (loT) u aneopummos mawuHHo20 obyyeHuss (MO) dnsi cozdaHus uHmernnekmyarnsHol
cucmemMbl MOHUMOPUH2a Kadecmea 8030yxa. [ononHumersnbHO onucbisaemcsi MoOy/lb MOHUMOpUHaa
¢usuonoaudeckux rnokazamenel nayueHma (HR, HRV-mempuku SDNN, RMSSD, LF/HF, ObixamenbHas
yacmoma, SpO,, A[Ll), uHmeespuposaHHbili 8 eOuHyto loT-apxumekmypy u KoHeeliep aHanu3a OaHHbIX.
lNpedcmasneH npomomun ¢ NOMOKO8oU azpezayuel MeOUUUHCKUX U cpedosbix cueHasos, rnpasunamu
paHHe20 0rnoseweHUsI U CyeHapuemM CO8MeCmHOU UHmMeprnpemayuu napamempos 8030yxa U COCMOSIHUS
nayueHma. OcHogHoe 8HUMaHuUe yderisiemcs ucrosnb3o8aHuro loT-ceHcopos, memodam 0bpabomku OaHHbIX
8 peasibHOM 8PEMEHU U MPO2HO3UPOBAHUI0 3agps3HEHUST 8030yxa C MomMowbio 2ubpudHbix modesnel MO,
skmoyas Random Forest, Gradient Boosting Machines u Long Short-Term Memory (LSTM). lNod4yepkusaemcsi
3HA4YUMOCMb  0BbILEHUSI  YyecmeumesibHocmu U HaleXxHOCmuU  CEeHCOpOo8 C  [MPUMEHEeHUEM
HaHoMamepuasnos, makux KaK [OofluaHUmuH, 2pageH U yarnepoOHble HaHompybku. AKueHmupyemcs
B8aXHOCMb 3aW{umbl OaHHbIX, 3HeP203hhekmusHocmuU U ycmoudugocmu macuimabupyemeix loT-cucmem, a
makxe UX POfib 8 CHUXEHUU 3KO/I02UYECKUX PUCKO8 U M000epXKe KOHUEenuuu «yMHbIX 20p0008».
Paccmampusaromcesi nymu uHmezpayuu makux cucmem 8 20p00CKYyH0 UHbpacmpykmypy, 8Kirodasi pelieHus
O0ns asmomamu3ayuu aHanusa 0aHHbIX U eu3dyanusauyuu. B cmambe makxe obcyx0aromcesi repcriekmushbl
8HedpeHUs UHmernekmyarbsHbIX cucCmeM MOHUMOPUHaa 8 MPOoMbILUIEHHOU U Xusol UHgpacmpykmype ons
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