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Abstract

The paper provides a review of up-to-date approaches for extinguishing oil and
petroleum products. The variability of extinguishing methods and fire extinguishing
agents is noted. Fire extinguishing agents used in extinguishing petroleum products
are considered in more detailed way, and their environmental characteristics are
discussed. The ambiguity of using various foams for extinguishing the fire is shown.
A new method for extinguishing oil and petroleum products, based on the acoustic
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effect, and the capabilities of acoustic fire extinguishers for preventing and eliminating

the combustible hydrocarbon fires, and their identification are analyzed. The further

development of known approaches and the simultaneous emergence of innovative

methods for extinguishing oil and petroleum products are shown.

© 2021 «OilGasScientificResearchProject» Institute. All rights reserved.

Introduction

The modern world is characterized by the
widespread use of equipment and substances derived
from natural hydrocarbons. Today, they are the
initial raw material for further production in almost
all spheres of human life from medicine to heavy
industry. The exhaustion of these resources and
the growing needs of human society require careful
treatment of them, from the stages of their extraction
and transportation to the stages of processing and
production. This approach forces us to focus on each
element associated with the waste of raw materials.

Emergencies associated with fires of petroleum
products and oil should be noted as one of these
elements [1]. Considering the high flammability
of both natural hydrocarbons themselves and
their processing products, in particular petroleum
products, an important element of their rational
handling is the prevention of their ignition or the
rapid elimination of the fire.

At the same time, in recent decades, the
environmental aspects of conducting various types
of human activity have acquired a significant role. It
should be noted that the extraction and processing of
carbon-containing natural resources also make both
a direct [2] and prolonged [3] negative contribution

*E-mail: vloboichm@gmail.com
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to environmental pollution. An additional polluting
component is auxiliary reagents that can be used
in the extraction of these minerals [4]. Emergencies
at the facilities also have a negative impact [5]. At
the same time, the fires of oil product are one of
the most common types of emergency situations
that have both a direct negative impact on humans
and the environment, and an indirect impact by
using the various extinguishing methods, technical
elements and types of extinguishing compounds.
Their incorrect use can aggravate the situation or
have a significant additional negative effect on the
components of natural and transformed ecosystems.

Having said that, an urgent issue is the search for
effective and environmentally friendly methods and
fire extinguishing agents used to extinguish fires of
hydrocarbons, and, in particular, oil and petroleum
products.

Review of wup-to-date approaches for
extinguishing oil and petroleum products
using various substances

In modern conditions when the oil fires are
extinguished, it is necessary to take into account
all aspects of extinguishing the fire from fire
extinguishing agents to specialized equipment [6].

The technical part takes into account the
equipment, methods of supplying the extinguishing
agent, or their combination. An important element
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is the protection technologies of the firefighters
themselves [7], including automated individual
devices [8]. Based on this, when the fires are
extinguished in tanks for oil and petroleum products,
the features of the tank itself [9], possible fire-
resistant coatings of metal structures [10], methods
of deploying fire departments [11] are taken into
account.

In addition, an important issue is fire
extinguishing agents used to extinguish fires of
liquid hydrocarbons. The fires of oil and petroleum
products are classified as fires of class B. To eliminate
this type of fires, it is permissible to use water and
various fire extinguishing agents [12]. In particular,
being the most accessible and cheapest means,
water, especially surface water, is also the most
susceptible to pollution as a result of the use of
petroleum products and fires associated with them,
as well as anthropogenic activities in general [13]. It
can be used to extinguish petroleum products in a
sprayed [14] and finely sprayed form. In the latter
case, the droplet size reaches 150 microns, but there
are restrictions on the elimination of the area of
ignition of petroleum products [15].

If we talk about more up-to-date approaches, then
recently attention has been paid to the peculiarities
of water supply during the fire [16]. It is proposed
to use high-pressure installations for extinguishing
the fires with water more efficiently. The specific
features of the structure of water are discussed by
the authors in the paper [17]. The use of hydrogels
for extinguishing the fires is proposed. In paper [18]
Khasanov discusses the effectiveness of screening
sprayed water when petroleum products are
extinguished. The use of nanomaterials dispersed
with water for extinguishing liquid hydrocarbons
was proposed [19]. The authors propose the use of
aqueous suspensions containing functionalized and
non-functionalized carbon nano-tubes. Hydrocarbon
nanostructures in the composition of the hydrogel
were proposed to be used as a highly effective agent
for extinguishing the fires [20].

Thus, the methods of extinguishing oil and
petroleum products by using water have limitations
connected both with the need for a certain droplet
size and with the level of its pollution.

However, today the most common method of
extinguishing oil and petroleum products is the use
of air-mechanical foams [21], including the layer-
by-layer method [22]. The current gradation of these
firefighting foams takes into account their protein
or non-protein base and chemical composition.
Various organic and inorganic additives are also
introduced into the foaming agent, giving them
certain characteristics (heat resistance, frequency
ratio, etc.) [21]. Recently, biodegradability has
become increasingly important for manufacturers
and users of the firefighting foam.

Although the most effective in extinguishing
oil and petroleum products are fluorinated film-
forming foams of various compositions [23], their
use in the most developed countries is either already
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prohibited or discouraged at various levels. The
reason is the availability of the foamy organic
pollutants (perfluoro organic compounds) in the
decay products which are banned by Stockholm
Convention on Persistent Organic Pollutants [24].
The use of foams based on surfactants that do not
contain fluorine in the hydrocarbon chain is also
controversial due to the need to use more of them
with less efficiency in extinguishing the fires of class
B [25].

The approaches considered in the papers by
Gurbanova [26, 27] made it possible to assess the
toxic effect on the environment of both inorganic
components and organic components of foaming
agents. At the same time, as an element of the
integrated use of petroleum products, it should be
noted the use of naphthenic acids as a component
of a foaming agent [28] which surpasses fluorinated
film-forming foams in terms of environmental
characteristics.

The strengthening of environmental requirements
for extinguishing agents stimulated the development
of well-known and new directions in extinguishing
oil and petroleum products. Thus, it is proposed to
use so-called «fluorotelomers» with a carbon chain
length of six carbons, in some cases the composition
can range from 4 to 8 carbons. The compound
contains fluorine atoms and claims to have less
negative impact on the environment. It is difficult to
clarify the composition of fluorotelomers, because
manufacturers do not announce that, suggesting
generic names. However, further studies have shown
a lower efficiency of fluorotelomers in extinguishing
the fires compared to classical fluorinated foams. At
the same time, the question of their less impact on
the environment remains open [29].

Powder compositions used in extinguishing
the fires contain a non-combustible base, a water
repellant, a depressant and activators, and are
mainly inorganic in nature [12]. This allows the use
of ecological approaches [30] for the rational choice
of powder mixtures for extinguishing the fires,
including class B.

Innovative areas include the use of gel-forming
systems for extinguishing the oil fires. These systems,
which consist of two separately and simultaneously
supplied aqueous compositions, stored separately
and consisting of mineral salts and silicon oxide,
and are environmentally friendly. In particular, [31]
the best environmental characteristics are declared
for gel-forming systems based on magnesium
chloride. Further developments in this direction
have shown the promise to use granular foam
glass both with the use of gel-forming systems and
without them [32]. It has been noted that important
characteristics are the size of the granules and the
thickness of the foam glass layer on the surface of a
combustible hydrocarbon, including the successive
use of foam glass and a gel-forming system [33]. The
environmental friendliness of foam glass as an inert
material in this case is obvious.

The use of structured silica particles to obtain fast-
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hardening foams was proposed by Abduragimov
and co-authors as an environmentally friendly
alternative to other foams for extinguishing the fire
[34], although the authors recommend them to use,
first of all, when solid combustible materials are
extinguished. Another direction that increases the
environmental friendliness of foams forextinguishing
the fire is the use of natural compounds [25] or sea
water [35] in their production.

Thus, afundamentalunderstanding of the chemical
nature of the processes and phenomena, underlying
certain approaches, used for extinguishing oil and
petroleum products makes it possible to improve
known methods and develop new ones.

Review of wup-to-date approaches for
extinguishing oil and petroleum products
using acoustic effect

Among the latest developments aimed at
combating fires of oil and petroleum products,
a fundamentally new approach, considered by
Levterov and co-authors, can be noted. It is based
on the application of acoustic effects in the field
of extinguishing. Thus, [36] with the fractal signal
processing, it was proposed to use the acoustic method
to extinguish various substances, including oil and
petroleum products. Spectral signal processing in the
acoustic method is considered in the work [37]. The
proposed options allow both to detect fires [38, 39]
and eliminate small fires [40]. Further development
of the possibilities of using this acoustic method in
extinguishing provides identification of substances
in the zone of the fire [41].

Another application of the acoustic method is
considered in the works of Wilk-Jakubowski. The
author focused on the development of an acoustic
extinguisher operating at a specific frequency of
the acoustic wave [42]. The author suggests using
the received equipment in various modifications
for extinguishing the fires [43-46]. The same author
also proposed a system that includes a deep neural
network to detect fires and an acoustic extinguisher
to extinguish them. It is proposed to use this system
for early detection of fires, including tanks with

flammable liquids [47].

The significant number of publications related
to the use of acoustic effects for extinguishing says
about the popularity of the proposed approach.
In particular, in the works of a number of other
researchers, it is proposed to apply the considered
acoustic method, first of all, for the design of
extinguishers. The authors are at various stages
of development. Thus, the use of an acoustic
extinguisher with a low-frequency sound wave for
extinguishing was proposed in the work [48]. It is
supposed to be equipped with a built-in sound alarm
with a fire detection sensor. [49] The perspective
of using the acoustic method and acoustic fire
extinguishers are noted, but they emphasize the
need for further research both in the frequency
range and in specifying the technical characteristics
of the device. In the work [50] the possibility of the
influence of acoustic effects on a moving flame is
researched, in particular, for extinguishing dripping
of molten fuels. It is shown that the approach is
effective at the initial stages, and with an increase in
the dripping rate, the efficiency of extinguishing the
flame by an acoustic wave decreases.

The perspective of the capabilities of acoustic
extinguishers is considered in the work [51].
Traditional extinguishing agents like Nitrogen gas
Carbon-dioxide gas (CO2) can be coupled with
the sound waves to increase the efficiency of
extinguishing.

Thus, in the works related to the acoustic method,
the frequency ranges from 14 to 110 Hertz are
considered, and the optimal distance to the object. The
obvious environmental friendliness of the acoustic
method, the safety of use and a positive economic
effect, the possibility of its use to prevent fires of oil
and petroleum products, both independently and in
combination with other methods, to eliminate small
fires are noted. The perspective of the direction
also indicates the fact that acoustic waves, unlike
conventional fire protection means do not leave
pollution and do not emit gases harmful to human
health. To identify the fire, the loudspeaker can
automatically turn on when the flame is detected.

Conclusions
Thus, the work considers the existing approaches to extinguishing fires of oil and
petroleum products, which include both the further development of old methods and
the use of fundamentally new fire extinguishing agents and innovative methods, with an

emphasis on their ecological nature.

The use of water in extinguishing the oil and petroleum products has limitations
connected with both the need for a certain droplet size and the level of its pollution.

The fundamental understanding of the chemical nature of the processes and phenomena
underlying certain approaches used in extinguishing oil and petroleum products makes it
possible to improve known methods and develop new ones.

The acoustic effect, which is considered in the range from 14 to 110 Hertz, is
characterized by environmental friendliness, safety and a positive economic component;
the possibility of its use to prevent fires of oil and petroleum products, both independently
and in combination with other methods, to eliminate small fire is noted.
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O0630p cOBpeMeHHBIX NOAX0A0B K TyIIeHNIO
noXapos HepTu 1 HepTenpOAYKTOB

P.N.Ileguenxo’, B.M.Cmpeaey', B.M./Aob6oiiuenxo?,
A.B.IIpycckuii?, O.H.Mupownux?, I.B.Kamviuenyes*
'HanmoHaAbHBIN YHUBEPCUTET Ipa’k4aHCKOM 3allIUTHl YKpauHBL,
Xappkos, YkpanHa; *VIHCTUTYT TOCyAapCTBEHHOIO YIpaBAeHUs U
Hay4HBIX MICCA€40BaHUI IO IpakdaHcKoil 3amure, Kues, Ykpanna;
*Yepkacckmit MHCTUTYT IOXapHOI Oe3oracHOCcT nMeHu I'epoes
YepnoOrias, Yepkaccel, YKkpanHa; *‘Aamunnuctpanus ['ocygapcrBeHHOI
IIOTpaHNYHOM cAYy>X0bl YKkpanusl, Kues, YkpanHa

Pepepar

B pabote BrIIOAHEH 0030p COBpeMEHHBIX TOAXO0A0B K ITOXKapOTyIIeHnIO HepTu 1 HeTe-
mpoAyKTos. OTMedeHa BapMaTUBHOCTD CIIOCOOO0B ITOXKapOTYIIEHsI 11 OTHETYIIAII /X BEIIleCTB.
boaee aeTaabHO paccMOTpeHBI OTHETyIIAIJe BeIlecTBa, MCIOAb3yeMBble IIPU TYIIeHUU
HeTeIIPOAYKTOB, U OOCY>XAEHBI UX DKOAOTMYecKMe XapakrepucTuku. Ilokaszanma HeogHo-
3HAYHOCTD MCIIOAb30BaHI Pa3ANIHEIX IIeH 445 IToXKapoTymieHns. [Ipoanaansnposad HOBLIN
MeTOJ, AAsl TyLIeHUsA MHo>XXapoB HepTU M HePTEIPOAYKTOB, OCHOBAHHBIN Ha aKyCTHIECKOM
9 PeKxTe, M BOZMOXKHOCTY aKyCTUIECKNX OTHETYIIUTEAEN AAS MPeAyNpeXAeHUs Y AUKBU-
JAalluy IIOXKapoOB TOPIOYUX YTAeBOAOpO0B U ux maeHtndukauun. Ilokasano gaapHerimiee
pas3BuUTHE M3BECTHEIX IIOAXOA0B I OAHOBPEMEHHOE I0sB/AeHIe MHHOBAIIIOHHBIX METOAOB A5
TYIIeHU: T0XapoB HePTH U HEPTETIPOAYKTOB.

Katrouesvie caoea: HedpTh; HepTENIPOAYKTHI; OTHETyIIIalllee BeIecTBO; 9KOAOTMIeCKIe XapaK-
TEPUCTUKY; TIeHa AAS II0XKaPOTYIIEeHNUs; aKyCTUIECKIUIT METOA.

Neft vo neft mahsullar1 yanginlarinin séndiiriilmasina
miiasir yanasmalarin icmal1

R.i.$ev§enk01, V.M.Strelets’, V.M.Loboyc¢enko’,
A.V.Prusskiy?, O.N.Mirosnik’, Q.V.Kamisensev*
'Ukrayna Milli Miilki Miidafie Universiteti, Xarkov, Ukrayna;
*Miilki Miidafia {izre D&vlat Idareetma vo Elmi Todqiqat Institutu,
Kiyev, Ukrayna; *Cernobil Qahremanlar: adina Cerkassk Yangin
Tohliikesizliyi Institutu, Cerkassk, Ukrayna; ‘Ukrayna Dovlat
Serhad Miihafize Xidmatinin Idarasi, Kiyev, Ukrayna

Xiilasa

MBoagqalada neft vo neft moahsullar1 yanginlarinin sondiirtilmesine miiasir yanasmalar nezarden
kecirilmisdir. Yangmsondiirme {isullarinin ve odsondiiron maddalorin varianthilign qeyd
olunmusdur. Neft mahsullarinin sondiirtilmasinds istifads olunan odsondiiran maddaler daha
atrafli nezarden kegirilmis, onlarin ekoloji xarakteristikalar1 miizakirs olunmusdur. Yanginlarin
sondiiriilmesi ti¢liin miixtslif kopiiklsrin istifadasinin birmenali olmamasi1 gosterilmisdir. Neft
va neft mahsullarmin yanginlarinin séndiiriilmasi tigiin akustik effekts ssaslanan yeni metod va
alisqan karbohidrogen ve onlarin identifikasiyalarinin yanginlarinin qarsisinin alinmasi ve aradan
qaldirilmas: {iciin akustik odsondiiriiciilorin imkanlar1 tohlil edilmisdir. Malum yanasmalarin
golacak inkisaft vo eyni zamanda neft vo neft mahsullarinin yangimnlarinin sondiiriilmesi tigiin
innovasiya metodlarinin meydana galacayi gosterilmisdir.

Acgar sozlar: neft; neft mahsullari; odsondiiran madds; ekoloji xarakteristikalar; yangin
sondiirmo {i¢lin kopiik; akustik metod.
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