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Abstract

This article is devoted to the design and production of micro-processor based gas
analyzing and detecting device of the new generation. Two methods were chosen for the gas
detection process, one of which is the catalytic combustion method based on heat generated by
combustible gas burning on an oxidation catalyst, and the second one is electrochemical
principle-based measurements which use an electrochemical sensor to detect gas concentration
by measuring current based on the electrochemical principle, which utilizes the electrochemical
oxidation process of target gas on the working electrode inside the electrolytic cell, the current
produced in the electrochemical reaction of the target gas is in direct proportion with its
concentration while following Faraday law, then concentration of the gas could be get by
measuring value of current.

The combination of these sensors provides low consumption, high precision, high
sensitivity, wide linear range, good anti-interference ability, excellent repeatability and stability
of the detector results.

Adding a microprocessor to the sensors which work by the above-mentioned methods,
we assembled gas detecting and analyzing device “ELAR”, which is a microprocessor-based
and software-controlled device (hereinafter referred to as the "signalling device"), used in
rooms to detect leaks of natural gas (CH,) and increased concentration of incompletely burnt
carbon monoxide (Co). When triggered, the alarm emits a loud sound and light signal and also
sends a command to close the solenoid valve, cut off the supply of combustible gas, to prevent
an explosion from gas leakage, fire or human casualties.

As a result, it is expected to have gas analyzing and detecting device of a new generation
which won’t react to other gases apart from CH,4 and Co, will have a self-calibration function
with special software, 0 adjustments, auto-calibration when in use, alarming when detectors are
out of order, as well as will register data by time and incidents in non-volatile memory. They
will have the ability to read incidents using a computer program.

Keywords and phrases
Catalytic combustion method, compensation element, lower-explosion-limit (LEL),
electrochemical oxidation process, electrolytic cell, electrochemical reaction.
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Unyu hnnwédp udppywsd £ unp ubpunh dhypnwpngbiunpwipu hhdpny qugh
gtpinwnigjwu W hwjnuwpbpdwt uwpph twuwgddwup U wpwnwnpniejwup: Swagh
hwjinuwptpdwu gnpépupwgh hwdwp puwnpdt; £ Gpyne dbpnn, npnughg dbyp
Ywwwihnpy wpdwu Gnwuwlu k, npp hhdugwsd £ opupnwgdwtu Ywwmwihqunnph
Ypw wjpynn qugh wypdwtu wpryniupnid wnwowgwd obipdnipjwu Ypw, Gpypnpnp
EiGYupwphdhwlwu uygpniuph Yypw hpdudwd swihnwdubpu Gu, npunbn Yphpwnynud £
ElEywnpwphdhwywy qquinits wwpp, npp phpwiuwiht qugh Eilnpwphdhwlw
opupnwgdwt wpngbut oguwagnpdnd £ EiGYwpnihinhy pooh ubpunwd  gnpdnn
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nGnGYwnnph wpryntuputiph gpwquug Yplunigynu b Yuniunigyniu:

Jdbpnhhgjw) dbennubpnd wofuwwnn  gqquinit  wnwppbppt wybjwgubing
dhypnwypngbunp' dup hwlwpbghup ubUwlubpnu oguwgnpdynn «ELAR» quq
hwjnuwptpnn b ybpindnn uwnppp, npp dhypnwypngtunph ypw hhdujwsd b dSpwgpw-
Ywquny Ywnwdwpynn vwpp b (wjunthbn' wgnwupwuwiht uwnpp) twfuwnbujwsd
puwywu quwgh wpwwhnup (CH4) L pbGph wpywd wdluwduh opuhnh (Co)
wybjugywsd Ynugbunpwghw hwynmuwpbpbint b yepnstine hwdwp: Snpdwpyybihu
uwppp wpdwynwd £ nidtin dwjuwjhtu W nuwiht wgnwupwt, huswbu twl hpwdwu b
ninwpynwd  thwyb  EEYunpwlywu  hwlwup, nwnwpbgubp  puwywu  qugp
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AHHOTaLMA

CraTps TOCBAIICHA pa3pabOTKe M MPOM3BOJCTBY ra30aHAIM3aTOPAa HOBOTO ITOKOJICHHS
Ha Oa3e Mukpomporeccopa. s mpomecca oOHapykeHHsI ra3za ObLIM BBIOPAHBI JBa METOJA,
OJIMH M3 KOTOPHIX - METOJ KaTATMTHYECKOTO C)KUTAHWS, OCHOBAHHBIN Ha TEIUIE, BHIACIIIEMOM
MIPH CO)KUTAHUM TOPIOYETO ra3a Ha KaTalu3aTope OKUCIICHUS, a BTOPOW - M3MEpPEHHS Ha OCHOBE
ANEKTPOXUMHUYECKOTO NPHUHIINIA, OCHOBAHHBIC HA SJICKTPOXMMHUYECCKOM HPUHIIHIIE, KOTOPBIHA
HCTIOJIB3YET MPOIECC IIEKTPOXUMHUYECKOTO OKUCICHHS LIEJICBOTO T'a3a Ha pabodYeM IJIEKTPOIC
BHYTPH DIICKTPOJUTHYCCKON SUCHKHU, U TOK, BOSHUKAIOIIUI MPH SICKTPOXUMHICCKON PEaKIHH
LEJIEBOTO Ta3a, KATOPBIH MPSMO MPOIMOPIIMOHANICH €r0 KOHIICHTPAIHH, clieays 3akony Dapanes,
a KOHOCHTPAIWIO ra3da MOKHO IMOJYYUTh IYTEM U3MEPCHUA CHUJIbI TOKA.
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KomOuHamus 3Tux 1aTYMKOB 00ECHeYNBAET HU3KOE MTOTPEOIICHHE, BEICOKYIO TOYHOCTB,
BBICOKYIO UyBCTBHTEJIBHOCTb, IIMPOKUH JMHEHHBIN IUANa30H, XOPOIIYIO 3aIIUTYy OT IOMEX,
OTJIIMYHYIO OBTOPSIEMOCTH U CTAOMIBHOCTh PE3YIBTATOB JETEKTOPA.

Jlo6aBuB MHKpOIpolEeccop K AaTYMKaM, KOTOpbIE pabOTarOT MO BBIIICYTIOMSHYTHIM
METO/IaM, MBI COOpaiM YCTPOHCTBO Ui OOHapyKeHHs W aHanmm3a raza «2JIAP», kotopoe
MIpeaCTaBIsieT co00i MHUKPOIPOIIECCOPHOE YCTPOMCTBO C MPOTPaMMHBEIM YIIpaBIEHHEM (Iajiee
HNMEHYEMOE «CHTHAJBHOE YCTPOWCTBO»), HCIIOJIB3yeMOE B IOMEIICHHAX Ul OOHApYKEHHS
yredek npupoaHoro raza (CH4) n moBpllIeHHOH KOHIEHTpPAUWU HE IMOJIHOCTHIO CrOPEBILIETO
oxucH yriepona (Co). IIpu cpabaTsiBaHUN CUTHAIM3ALUM JETEKTOP U3aeT TPOMKHI 3BYKOBOM
U CBETOBOM CHTHAJI, a TAaK)K€ MOCBUIACT KOMaHIy Ha 3aKpBITHE 3JIEKTPOMAarHUTHOTO KJalaHa,
MIPEKpaIaeTcs mo1a4a TopIoYero rasa, YToObl MPEAOTBPATUTH B3PHIB OT YTEUKH rasa, moxapa
W 9eJIOBEYECKUX JKEPTB.

B pesymbrate OKMZaeM MOJY4YUTh alU3aTOp M JETEKTOp Ta3a HOBOTO IIOKOJICHHS,
KOTOpBIH He OyzeT pearupoBath Ha Apyrue rasbl, kpome CH4 u Co, u OyneT uMeTh (HyHKIHIO
CaMOKaJIMOPOBKM CO  CIIEIMAJbHBIM IPOrPpaMMHBIM  oOOeclieueHueM, peryiaupoBky O,
ABTOKAJIMOPOBKY IIPU HCIIOJIb30BAHUH, CHUTHAJIM3AIMIO, KOTJa JIETEKTOPhI BBIILIM U3 CTPOs, a
Takke OyIeT perucTpupoBaTh JAHHBIC MO0 BPEMEHH W HHIMAEHTAM B >HEPrOHE3aBHCHUMYIO
naMATh U OyAeT MMEeTh BO3MOXKHOCTb CUHMTBHIBATh MHIMJIEHTHI C IIOMOIIBIO KOMITBIOTEPHOH
MIPOTPaMMBI.

KuroueBbie ciioBa u ¢ppasbl

Merton KaTaqUTUYECKOTO CHKUTaHUs, KOMIICHCALlMOHHBIN 3JIEMEHT, HIXHUN mpenen
B3pbiBaeMoctu (LEL), mporecc 3MeKTpOXUMHUECKOTO OKUCIEHUS, JIEKTPOIUTHUECKasl STUeiika,
AJIEKTPOXUMUYECKAS PEAKITHSI.
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Introduction

Many accidents connected with natural gas leakage and explosions have taken place in
our country in recent years. Many households prefer to unplug the gas detector device in use, as
it reacts to different sources and switches off the valve from the gas meter. Apart from it, there
is no possibility to calibrate and adjust the thresholds of gas detecting device, which causes
difficulties in gas safety control and lowers the quality of gas distribution end-result. For good
control and monitoring of gas safety in households, it became necessary to produce gas
detectors and analyzers with above-mentioned functions and online transfer and registration of
accidents (gas leakage), which will allow reacting pre-actively to the accidents.

Theoretical and methodological bases

We have used two different methods in one device to achieve the target function. One of
the methods is the catalytic combustion method based on heat generated by combustible gas
burning on an oxidation catalyst. Sensors that work based on the method mentioned above
consists of a detector element and a compensation element. The detector element consists of a
coil of a precious metal wire and an oxidant catalyst active against combustible gas, sintered on
the coil and alumina support. The element burns in reaction to any detectable gas. The
compensation element consists of a coil of a precious metal wire and a glass inactive against
combustible gas, sintered on the coil and alumina support. This element corrects the effect of
the atmosphere (fig. 1a). The precious-metal wire coil heats the detector element from 300°C to
450 °C, then a combustible gas burns on the surface of the detector element, increasing the
element's temperature. With changes in temperature, the precious-metal wire coil, a component
of the element, changes resistance. The resistance changes almost in proportion to the
concentration of the gas. The bridge circuit shown in the figure (fig. 1b) below allows the
sensor to recognize the change in resistance as the voltage determines the gas concentration.

Oxidation Precigus-metal  Glass + Pracious-melal
catalysl + wire coil alu “I"lll"‘r:l 5U :Ip-::lrl wiire Coil
alumina _yL 'y rga 3
support . .' |"| L
P 0.5-1.4 mm _ *.H‘J i 0.5-1.4 mm
L 2 L 3§
] |
J.B-1.4 mm J.B-1.4 mm
Detector element Compensation element

fig. 1a. Sensor elements
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fig. 1b. Bridge circuit

These sensors have the following features

e Qutput characteristics

The precious-metal wire coil, the heat source, linearly changes in temperature resistance
coefficient. In the lower-explosion-limit (LEL) concentration region, the burning reaction is
proportional to the gas concentration. In this region, the output from the sensor slowly changes
according to the change in gas concentration (fig. 2a).

100
Qutput
ratio
(%)
0 0 100
Gas concentration
(% LEL)
fig. 2a

¢ Responsiveness

The combustion heat produced on the surface of the detector element transfers to the
precious-metal wire coil, changes the resistance of the bridge circuit, and then transforms into
signals. With a high reaction rate, this sensor excels in responsiveness, accuracy, and
reproducibility (fig. 2b).

100 Gas Out

Output
ratio
(%)

GasIn
0
0 Time (sec.)
fig. 2b

e Temperature and humidity characteristics
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The materials in the elements have high electrical resistance. They are less likely to be
affected by the temperature and humidity in the use of the environment, allowing the reading to
stay almost constant (fig. 2c).

Humidity (% RH) (40°Catmosphere)

CH, 0 %0
100[ ___ .
Reading —— Temp char
(% LEL) ==+ Hum char
0
-20

Temperature (°C) 60

fig. 2c

o Catalyst development

The detector element uses a catalyst that promotes burning reaction. Having been
developed in-house for gas sensors, this catalyst uses our proprietary know-how, providing
long-term stability.

The second method is electrochemical principle-based measurements. We decided to use
the electrochemical sensor to detect gas concentration by measuring current based on the
electrochemical principle, which utilizes the electrochemical oxidation process of target gas on
the working electrode inside the electrolytic cell, the current produced in the electrochemical
reaction of the target gas is in direct proportion with its concentration while following Faraday
law, then concentration of the gas could be get by measuring value of current. This method has
the following features: low consumption, high precision, high sensitivity, wide linear range,
good anti-interference ability, excellent repeatability and stability, which can be widely used in
industrial and civilian areas to Detect Co concentration. For our gas detecting and analyzing
devices, we have chosen ME2-CO electrochemical sensors, which have the following technical
features.

Current Output /pA
- ~N w = i {=2]

(=]

0 100 200 300 400
Time/s

fig. 3a. Features of Sensitivity, response and recovery time
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fig. 3c. Data graph of linearity features
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Main results

Based on the methods mentioned above, we assembled gas detecting and analyzing
device "ELAR", which is a microprocessor-based device (hereinafter referred to as the
"signalling device™) used in rooms to detect leaks of natural gas (CH,;) and increased
concentration of incompletely burnt carbon monoxide. When triggered, the alarm emits a loud
sound and light signal. It also sends a command to close the solenoid valve, cut off the supply
of combustible gas, and prevent an explosion from gas leakage, fire or human casualties.

The main features of the product:

o world-class advanced semiconductor gas sensors, with high sensitivity and stable
performance, long service life and high noise immunity,

e anti-pollution design,

o calculates and corrects threshold deviations,

o registration of data by time, as well as incidents in non-volatile memory (in the format:
year-month or hour-minute and type of incident (more than 100 records)) and the ability to read
incidents using the Alarm computer program.

The advantages of the "ELAR" gas detector are the following:

e do not react to other gases apart from CH,4 and Co,

o self-calibration function with special software,

¢ 0 adjustment,

e auto-calibration when in use,

e alarming when detectors are out of order.

The characteristics of the "ELAR" gas detector are the following:

Name
Natural gas CH, (response threshold)
CH, semiconductor catalytic combustion detector

ELAR
0.2%-8% +5%
0.1%-10%

Carbon monoxide CO (response threshold) 15-500 ppm
CO electrochemical detector ME,-CO 0-1000 ppm
Temperature (response threshold) 70°C +2.5°C
Temperature (response threshold) -10°C + 100°C
Lifetime 8-10 years
Saving data more than 100 records
Data retrieval capability yes
Warranty period 12 months
Indication and corresponding sound signal in case of failure yes

of the sensor or parts of the power supply
Signalling yes
Closing the valve yes
Calibration interval Five years
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Conclusion

“Elar" gas analyzers were tested in the Gazprom system and showed the following

features:
- they do not react to other sources of air density (resulting from boiling or frying),
- the explosion can be prevented by detecting gas leakage as it is transferred online

immediately to the corresponding structure,
- domestic producer produces it so it is easy and will take less time to repair, as well as

- it has a good economic impact.
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