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Abstract

The combined method of analytical control of the concentration of combustible substances with preliminary oxidation in
a barrier discharge is considered, where the analyzed substance is subjected to a combination of certain types of energy effects,
which allows obtaining measurement information about the composition or physicochemical properties of the analyzed substance.
In analytical practice, in a barrier discharge, ozone is synthesized in a device consisting of two coaxially located metal electrodes in
the form of a tube and a rod separated by a diclectric from the pyrite glass, the gap of which is filled with air at the atmospheric
pressure. The process of obtaining ozone in the device proceeds in two stages. At the first stage, endothermic dissociation of
oxygen molecules occurs to atoms, and at the second (exothermic) stage, a reversible reaction of ozone formation occurs.

During electro-cracking in a gaseous hydrocarbon environment in a barrier discharge, hydrocarbon molecules are splitting
to the radicals. The nature of the chemical reactions and, consequently, the composition of the reaction products are determined
by the initial composition of the initial substances, their pressure, as well as the time of action of the electric discharge and its
power. In the interaction of atomic oxygen with the products of the electro-cracking of molecules of the analyzed substance, the
balance in ozone formation is disturbed, which leads to a decrease in the ozone concentration in the barrier discharge.

Changes in the concentration of ozone in the presence of vapors of liquid hydrocarbons and petroleum products in
the air, directly in the ozone synthesizer, makes it possible to use the method of analytical control under consideration to
determine the concentration of vapor-gas mixtures of combustible substances and petroleum products, as well as to measure
saturated vapor pressure of liquid hydrocarbons, petroleum products and fuels.
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Currently for determination of structure and
properties of the analyzed substances, various methods
of analytical control in which for the measurement of
physical quantity a number of chemical and physical
transformations of the analyzed substance takes place
are applied. Application of similar methods of analytical
control is connected with the intensive development
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of tool methods of analytical chemistry and problems
arising at identification of substances in various
branches of science and technology. Instrumental
methods, namely, physical and physicochemical ones,
have ample information opportunities, rapidity and can
be used for analytical control of liquid and gaseous
substances [1].
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Proceeding from the above, the task of
development of the combined methods allowing the
effectively defining of the structure and properties
of the analyzed substances has been set.

The combined method including two or three
different methods or the scheme of simultaneous
use of two or three different detectors with parallel
or consecutive placement [2, 3, 4] is most widely
applied in a single chemical analysis system.

In this article, the combined method at which
the analyzed substance is exposed to aggregate of
certain types of energy impact that allows to obtain
measuring information on the structure or physical

and chemical properties of the analyzed substance
is considered.

In the investigated combined method of
analytical control of substances the defining
condition is existence of the processes connected
with oxidation of the analyzed substance in the
barrier discharge in the homogeneous field. The
simplest device working on the principle of the
barrier discharge where in analytical practice ozone
is synthesized represents two coaxially located metal
electrodes divided by dielectric from pyrite glass in
the form of a tube and a rod which gap is filled
with air at an atmospheric pressure.
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Fig. 1. Experimental facility

1 — air preparation unit, 2 — glass, 3 — evaporation chamber, 4 — thermostat, 5 — high-voltage transformer, 6 — electrodes
in the form of a tube, 7 — dielectric made of pyrite glass, 8 — rod shaped electrodes, 9 — dielectric made of fluoroplastic,
10 — thermostat, 11 — measuring transducer, 12 — thermal converter, 13 — control unit, 14 — chart recorder, 15 — command
device, 16 — automatic dispenser, 17 — divider of flow, 18 — hollow column, 19 — unit for preparation of test substance,
20 — balloon with a test substance
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Fig. 2. Dependence of signal amplitude from saturated vapor pressure of the analyzed substance

The process of ozone formation in the barrier
discharge proceeds in two stages. At the first stage,
endothermic dissociation of oxygen molecules occurs
to atoms, and at the second exothermic stage, a
reversible reaction of ozone formation takes place.

During electro-cracking in the environment of
hydrocarbons gas in the barrier discharge there is a
splitting of molecules of hydrocarbons to the radicals,
the recombination of which leads to formation of
acetylene, its homologues, soot, hydrogen, and a
certain amount of ethylene [5, 6].

The nature of chemical reactions and, therefore,
composition of reaction products are defined by
preliminary composition of initial substances, their
pressure, time of impact of electric discharge and
its power.

At the interaction of atomic oxygen with
products of electro-cracking of combustible
substances, the balance in formation of ozone is
broken that leads to decrease of concentration
of ozone in the barrier discharge. Measuring the
changes in ozone concentration at the output of
the barrier discharge in the presence of combustible
substances in the air entering the barrier discharge,
one can indirectly judge their concentration [7].

The research was conducted at the experimental
bench assembled according to the scheme provided
in Fig. 1. The analyzed sample of the combustible
substance (liquid hydrocarbons or petroleum
products) was introduced into the pre-washed
glass 2 with an internal diameter of 30 mm of the
evaporation chamber 3, placed in the thermostat

4, through the injection unit using a syringe. At
this, the volume of gas space, at input of a dose
of 10 cm?, did not exceed 20 cm?.

In the analysis of substances within 2—3
minutes, the evaporation chamber was blowing
through with air from the air preparation unit /.
During the specified time interval, the gas phase
saturated with vapors of the analyzed substance
comes to interelectrode space of a synthesizer of
ozone. At the flowing of air saturated with vapors
of combustible substances between two coaxially
located metal eclectrodes in the form of a tube 6
and a rod § divided by a dielectric 7, plasma-
chemical processes take place, the result of which
is a decrease of concentration of ozone at the
output of the synthesizer. Then the air ozonized
in similar conditions comes to the analytical
measuring converter // where the dose of test
substance (propylene) simultanecously inflows.
At this, an ozonolysis reaction occurs between
ozone and propylene, followed by heat effect.
The generated heat is measured by the thermos
converter /2. As a result, at the output of the
measuring converter placed in the thermostat 10,
electric signals that are registered in the form of
a chromatographic impulse on the chart of the
recorder 74 are formed. Amplitude of impulses
is proportional to pressure of saturated vapors of
combustible substances. The dosing of the test
substance is carried out by means of an automatic
dispenser 16 controlled by the command device
15. After the analysis is finished, the glass 2 is
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unscrewed, cleaned of the analyzed substance and
re-screwed into the evaporation chamber 3 up to
the stop. Then the evaporation chamber and the
ozone synthesizer are being blown through with
clean air for two minutes.

Fluid hydrocarbons with number of atoms of
carbon from C, to C, were analyzed in research.
Dependence between amplitude of a signal AU of
the measuring converter from pressure of saturated
vapors Pn of the analyzed substance is shown in
Fig. 2.

The results of the research, which show the
dependence of the signal amplitude from the
measuring transducer and the temperature of the
evaporation chamber, are given in Table. As can
be seen from Table, the signal of the measuring
transducer decreases with the increasing of the
temperature of the evaporation chamber, as the
saturated vapor pressure of the substances under
study increases, which leads to a decrease in
ozone concentration at the output of the ozone
synthesizer.

Dependence between the amplitude of the signal of the measuring transducer and the temperature of the
evaporating chamber

Analyzed substance The temperz::talllr;ee ;f, tohCe evaporative Amplitude of g;i Vs;ir:{ (;11~ Vthe measuring
CH,, 10 0,43
20 0,18
C,H,, 20 0,6
30 0,45
40 0,2
C,H, 20 0,67
30 0,6
40 0,54
50 0,4
60 0,2
C,H, 40 0,72
50 0,7
60 0,66
70 0,59
Conclusion

It was shown that the reaction of modulation
the concentration of ozone by the concentration
of vapors of liquid hydrocarbons and petroleum
products in air directly in the ozone synthesizer
makes it possible to use the method of analytical
control under consideration to measure the pressure

of saturated vapors of liquid hydrocarbons and
petroleum products, and to control the composition
of vapor-gas mixtures of combustible substances
and fuels. The proposed method has sufficient
high sensitivity and the possibility of analysis in a
discrete-continuous mode of indicators of the quality
of petroleum products.

KoMOMHHUPOBAHHDBII METOJ aHAJIMTHYECKOIO KOHTPOJIS
KOHIIEHTPALIMM TOPIOYMX BelIeCTB C INpeaBAPUTEIbHBIM
OKHCJIEHHEM B OapbepHOM pa3psje
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AnHOTAIMSA

PaccmaTtpuBaeTcsi KOMOMHUPOBAHHBI METOJ aHAJIUTUUYECKOTO KOHTPOJSI KOHLEHTpalMM TOPIOYMX BEILIECTB
C TIpeABapUTEIbHBIM OKHCIIEHWEM B OapbepHOM paspsiie, Tle aHaJIM3UpyeMOe BEIIEeCTBO ITOABEPraeTcsl COBOKYITHOCTHU
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OIpEeNeJICHHBIX BUIOB 3HEPTeTUUECKUX BO3ICHCTBUIA, YTO TO3BOJISIET MOJYYUTh M3MEPUTENbHYIO MH(POPMAIMI0 O COCTa-
Be WU (DUBMKO-XMMUYECKUX CBOMCTBAX aHAJIM3UPYEMOro BelllecTBa. B aHalIuMTH4YecKol TpakTUKe B OapbepHOM paspsiie
CHHTE3MPYETCS] O30H B YCTPOMCTBE, MPEIACTABISIONIEM COOOI pa3mefeHHbIC AUBJICKTPUKOM M3 TTMPUTOBOTO CTEKJa IBa
KOAKCHaJIbHO PACIOJOXEHHBIX METaJUIMYeCKUX BJIEKTPOJa B BUJAE TPYOKM U CTEPXKHS, MPOMEXYTOK KOTOPBIX 3aIlOJHEeH
BO3IyXOM o1 aTMoc(epHbIM naBieHueM. [Ipoliecc moaydyeHus: 030Ha B YCTPOMCTBE MpoTeKaeT B ABe cTaguu. Ha mepBoit
CTaauM TIPOUCXOIUT SHIOTEPMMUYECKass AMCCOLIMAIMS MOJIEKYJ] KMCIOpoia Ha aTOMBbI, a Ha BTOpPOW (2K30TEPMUYECKOIT)
cTaguu — obpaTuMasl peaklus oOpa3oBaHUSI O30HA.

[Tpu 371eKTpOKpEeKUHTe B cpeie Ta3000pa3HBIX YIIEBOAOPOIOB B OApbepHOM paspsifiec MPOUCXOAUT pacllierjieHue MoJe-
KYJ yIJIEBOJOPOAOB Ha paJuKalbl. XapakTep XMMUYECKUX Peakliuii, a caea0oBaTeJIbHO, U COCTaB MPOAYKTOB peakluy Ompe-
NIEJISIOTCS TIePBOHAYAIBHBIM COCTAaBOM MCXOIHBIX BEIIECTB, MX JABJICHUEM, a TAKXKEe BpEMEHEM BO3ICICTBUS 3JIEKTPUIECKOTO
paspsga U ero MouiHocthlo. [Ipu B3auMoOmeMCTBUM aTOMapHOro KHUCIOpoAa C TMPOAYKTAMM 3JIEKTPOKPEKMHIA MOJIEKYJI
aHAJIM3UPYEMBIX BEIIeCTB HapyllaeTcsl GajaHC B 00pa30BaHWM O30HA, YTO MPUBOAUT K YMEHBIIEHWIO KOHIICHTPAIIUN 030-
Ha B 0apbepHOM paspsifie.

M3MeHeHne KOHILIEHTpAllMM O30HA B MIPUCYTCTBUU TAPOB KUAKMX YIJIEBOIOPOIOB M HE(PTEIIPOAYKTOB B BO3IyXe, He-
MOCPENCTBEHHO B CMHTE3aTOpPE 030HA, MO3BOJISIET MCIOJb30BaTh PACCMATPUBAEMbIIA METOJ aHAJUTUYECKOTO KOHTPOJS IS
OnpeneeHUs] KOHIICHTPAIMK TTapora3oBbIX CMECell TOPIOYMX BEIIECTB U HE(TEMPOAYKTOB, a TaKXKe M3MEPEHUs aBICHUS
HACBIIIEHHBIX TMapoOB XUIKUX YIJIEBOAOPOIOB, HEMDTETIPOILYKTOB U TOILJIUB.

KmoueBble cjoBa: GapbepHBIN pa3psil, OKUCJICHME, O30H, aTOMApHBIM KHUCJIOPOI, TOpIoYyee BeIlleCTBO, JaBJICHUE
HACBILIEHHBIX MapoB, KOHLEHTPALIMSI.

KomOiHOBaHMii MeTO aHAJITUYHOIO KOHTPOJIIO
KOHILIEHTPAIlil rOPIOYUX PEYOBHMH i3 momnepeaHiM
OKHCJIEHHAM Yy Oap’epHOMY po3psii
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AnoTauis

Posrnsimaetbcss KOMOIHOBaHUIT METO aHATITMYHOTO KOHTPOJIIO KOHIEHTpallil TOPIOYMX PEUYOBUH 3 MOMEPEeIHIM OKUC-
JICHHSIM y 6ap’epHOMY pO3psi, 1e peYOBMHA, 1110 aHATI3y€EThCsI, MiNTAETHCS CYKYITHOCTI TIEBHUX BUJIiB €HEPreTUUYHUX BILUTM-
BiB, 10 JO3BOJISIE OTPUMATU BUMipIOBAJIbHY iH(OpMaILito 111040 ckiany ado (i3MKo-XiMiYHUX BJACTUBOCTEN PEUYOBUHHU, LIO
aHaiizyeTbesd. B aHamiTMUHIN npakTULi B 0ap’€pHOMY PO3psilii CUHTE3YEThCSI O30H Y MPUCTPOI, 1110 SIBJISIE COOOI0 pO3aiJieHi
NieJIEKTPUKOM i3 MipUTOBOrO CKJja J1Ba KOAKCiaJIbHO PO3TAlIOBAHUX METAJIEBUX €JIEKTPOAM Y BUIJISAL TPYOKM i CTPUXKHS,
MPOMIXOK SIKUX 3allOBHEHO TOBITpSIM Min atMochepHUM TUCKOM. [lpoliec oTpuMaHHS 030HY B IMPUCTPOI MPOTIKae y nBi
cranii. Ha mepiuiit cramii BinOyBa€eTbCsl eHAOTEPMiUHA AMCOLIaLlisSl MOJIEKYJ KMCHIO Ha aTOMU, a Ha JpYTiii (eK30TepMidHiit)
crafii — o0OpOTHA peakilisi YTBOPEHHSI O30HY.

IIpu eneKTpOKpEeKiHTYy B CepeAOBHII Ta30MOMiOHNX BYIVICBOOHIB Y 0ap’€pHOMY pO3psli BiZOyBa€ThCS PO3IIECIIICHHS
MOJIEKYJT BYIJIEBOAHIB Ha paguKaiyd. XapakTep XiMiYHMX peakliii, a OTXe, i CKjaa MPOAYKTIB peakilii BU3HAYAIOThCS IMO-
YaTKOBUM CKJIAIOM BUXITHUX PEYOBWH, iXHIM TUCKOM, a TaKOX YacOM BIUIMBY €JEKTPUYHOTO PO3PSAy i HOTO MOTYKHICTIO.
[Ipu B3aemonii aTOMapHOro KMUCHIO 3 MPOAYKTaMU €JIEKTPOKPEKiHTY MOJIEKYJ PEYOBMH, IO aHAJi3yIOThCs, MOPYLIYETHCS
OaJlaHC B YTBOPEHHI O30HY, IO MPUBOIUTH IO 3MEHIIEHHSI KOHIIEHTpAIlii 030HYy B 0ap’€pHOMY PO3pSIIi.

3MiHa KOHLEHTpallii 030HY B MPUCYTHOCTI MapiB PiKMX BYIJIEBOAHIB i HabTOMPOAYKTIB y MOBITpi, Oe3mocepeaHbo
B CUHTE3aTOpi O030HY, NO3BOJISIE BUKOPUCTOBYBAaTH 1€l METOA aHAJTiTUYHOTO KOHTPOJIO IJIsI BU3HAUYEHHS KOHLIEHTpalil
Mapora3oBUx CyMillleil TOPIOYMX PEYOBUH i Ha(TOMPOMYKTiB, a TAKOX BUMIPIOBaHHS TUCKY HACUUYEHMX MAapiB PilKUX BYr-
JIEBOMIHIB, HA(TOIPOAYKTIB i MajuB.

KuouoBi ciioBa: Gap’epHUii po3psifi, OKMCIEHHS, 030H, aTOMapHUii KMCEeHb, ropioya peyoBUMHA, TUCK HACUYEHMX MapiB,
KOHIIEHTpAllisl.
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