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PROTECTIVE COATINGS FOR WALLS AND ROOF
OF TANKS MADE OF GRANULAR FUSED NON-COMBUSTIBLE
SUBSTANCES AGAINST FIRE EXTENSION

Abstract. As a result of the research, there has been improved the technology of applying new foaming agents
and means of limiting the spread of the flame during fires in storage facilities. The analysis of putting out flammable
liquids indicates that if the fire is not eliminated at the initial stage, the fire passes to a prolonged stage, where an
additional amount of forces and means will be required. To eliminate this stage, an additional amount of forces and
means will be required. There have been developed and experimentally tested protective coatings for the walls and
roofs of tanks made of granular fusible non-combustible substances as additional passive protection against fire
extension. Besides, in laboratory and semi-industrial conditions, there were studied the possibilities of using internal
and external coatings. Protective coatings possess fire-resistant properties. They allow reducing the temperature of
the walls of vertical steel tanks. The given protective coatings prevent the occurrence of static electricity charges.

Key words: fire protection, fire protection technology, oil products, tank, combustible mixture, granular mate-
rials, heat flow, film thickness, foam destruction, highly inflammable liquid.

The program of industrial and innovative development of the Republic of Kazakhstan implies serious
structural changes in economic growth due to the development of various sectors of the economy, inclu-
ding those that may present a potential danger to the population, one of which is fire and explosion hazard
of the oil and gas industry of the Republic of Kazakhstan. Damage from fires and explosions at refineries
has enormous proportions and a tendency of constant growth. As the level of technical equipment of
production increases, its fire risk also increases.

Emergencies at oil and gas facilities are often accompanied by fires that cause economic, environ-
mental, material damage to the state. During fires at these sites, a large amount of thermal energy is
released, that by means of radiation affects the objects around the fire and forms new fire areas [1].

Fires of flammable liquids in vertical steel tanks are of complex and prolonged nature. The analysis
of putting out flammable liquids indicates that if the fire is not eliminated at the initial stage, the fire
passes to a prolonged stage, where an additional amount of forces and means will be required. Putting
out flammable liquids in vertical steel tanks is very rarely achieved at the first stage. This is accompanied
by many reasons, one of which is the poor efficiency of the physicochemical properties of the foaming
agent [2].

In case of accidental spills of oil products, when risk of fire arises in storage facilities, it is necessary
to assess the degree of danger. Oil products are divided into highly flammable liquids and flammable
liquids, the vapors of which can form explosive mixtures with air. In case when the flash point of these oil
products is higher or equal, a combustible mixture appears above the open surface of the liquid fuel. If this
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mixture is set on fire, the flame will spread across the surface of the liquid fuel at a speed of 1.2-1.4 m/s.
In a closed container, the flame spreads at a speed of 0.3-0.7 m/s.

The assessment of the fire hazard of spills is characterized by the following main criteria:

— self-ignition temperature;

— flash point;

— flammability potential;

— concentration limits of explosive mixtures.

The flash point is closely related to the boiling point, i.e. with evaporation. The lighter oil product is,
the better it evaporates, and its flash point will be lower. For instance, gasoline fractions have negative
flash points (up to — 40 °C), kerosene fractions have flash points within 28-62 °C, diesel fuel fractions —
50-80 °C.

Fire extinguishing and fire prevention equipment that currently exists do not fully ensure the safety of
tanks. Systems and devices designed to extinguish fire in tanks do not allow them to be quickly extin-
guished in a short period of time, leading to an explosion and subsequent fire extension [3].

Theoretical and experimental studies using reliable calculation methods aimed at developing and
applying constructive and planning solutions, technologies, devices and means of limiting the spread of
fires are still in demand in the oil and gas industry [4].

In this regard, the research aimed at developing a set of fire protection and extinguishing agents for
highly flammable liquids technologies is relevant and timely

The development of stable foams is formed on the complex use of foaming solutions of polymeric
substances that coagulate when contact with organic solvents and surfactant mixtures, where a special role
is given to fluorine-containing compounds with high surface activity [5].

For the research, there was used a wide range of substances produced by industry and synthesized in
the laboratory. Fluorinated surfactants were synthesized at the Institute of Chemistry of the Ministry of
Education and Science of the Republic of Kazakhstan and K.I. Satpayev Kazakh National Technical
University. There were conducted the experiments on extinguishing the flame of oil products and deter-
mining the fire extinguishing efficiency of the foam with the subsequent verification of the results of
extinguishing fires of flammable liquids in various storage tanks and trays at the chair of operational and
tactical disciplines of Kokshetau Technical Institute of the Ministry of Emergency Situations of Ka-
zakhstan.

In modern practice, there are used internal and external coatings, which lower the temperature of the
walls of the tanks, prevent the occurrence of static electricity, and also have fire-resistant properties. There
is also the possibility of using fusible coatings, which in case of temperature increasing inside the tank du-
ring combustion will become liquid and spread over the surface of the liquid in the tank. In this case, high
temperature will be an important requirement for these coatings. To determine the range of the required
melting point, in table 1 there are given oil and oil products ignition temperatures, as well as the tempe-
rature of flame combustion.

Table 1 — Flash point, flash ignition and flame combustion temperature of oil and oil products

Temperature, °C
Type of the product - — — - Notes
Flash point Flash ignition Autoignition Flame combustion
Oil 130...320 35..121 300...350 1100...1300
Gasoline AI-95 39 39 255..370 1300...1400
Gasoline AI-92 32 39 255...370 1300...1400
Gasoline AI-80 27 39 255...370 1300...1400

The range of the melting point at the upper limit is determined by the temperature above 1000 °C.
The lower melting limit of the material must be higher than the temperature. Currently, there are many
non-combustible materials that can be used as coatings for the inner walls and roof of the tank. There were
selected the following materials to compare:

— foam glass;

— sodium liquid glass;
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— polybutylene terephthalate;

—silica gel.

Since these coatings will be constantly present on the surface of the inner walls and on the roof of the
tank, it is necessary that they should meet the following requirements:
1. Chemical resistance to stored products;
2. Work in the temperature range of the tank service treatment;
3. The melting point is lower than the flame combustion temperature of the product, but higher than the

operating temperature;
4. The combustion temperature is higher than the flame combustion temperature of the oil product

Thus, all the given materials, with the exception of polybutylene terephthalate, can be used as
coatings to protect the tank. There were developed and experimentally tested two coating schemes: on the
walls of the tank and on the roof. The properties of the materials are given in table 2.

Table 2 — Characteristics of the materials for internal coating of the walls and roof of the tank

Characteristics Foam glass | Sodium liquid glass Polybutylene terephthalate Silica gel
Melting point, °C 730 1200 225 1610

Combustion temperature, °C - - - _

Chemical resistance High High High in temperature range from 20 to 60 °C High

Thus, all the given materials, with the exception of polybutylene terephthalate, can be used as coa-
tings to protect the tank. There were developed and experimentally tested two coating schemes: on the
walls of the tank and on the roof. Both variants are optimal for using. The most effective tank extingui-
shing system is fire subsurface suppression system, but the speed of this system response does not often
allow coping with a rapidly spreading flame. To solve this problem, there was offered to use granular ma-
terials with high fire resistance and lower melting point. The design of these coatings is shown in figure 1.

Figure 1 — Multi-layer protective coating: Figure 2 — Scheme of tank fire extinguishing system:
1 — tank metal; 2 — adhesive layer; 1 — the tank; 2 — tank temperature sensor; 3 — supply pipeline;
3 — main protective layer 4 — injection pump; 5 — nitrogen or carbon dioxide containers;

6 — automatic signal processing system; 7 — valve;
8 — the container with granular material

As it has been noted above, the combustion temperature of oil and oil products exceeds 1000 °C,
which enables to choose materials with the required melting point and the missing or sub-missing boun-
dary of combustion. The principle of operation of the given system is as follows: when the temperature in
the tank 1 rises, the temperature sensor transmits a signal to the automatic signal processing system 6,
which in turn sends a command to start the injection pump 4. The transfer of the granulated substance
from the tank 8 is done with the help of using nitrogen or carbon dioxide to prevent oxygen from entering
the fire zone. The fire extinguishing system is shown in figure 2.

When the temperature inside the tank rises, the granulated material melts and then spreads over the
surface of the burning liquid, thus preventing oxygen from entering the combustion zone. The advantages
of fire foam subsurface suppression are the following factors:

—lack of particles catching of burning liquid by granular material;

— the system response speed is much higher than the subsurface suppression extinguishing system due
to the absence of need to pass through the volume of burning liquid,
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— the possibility of use, both in the presence of an open fire, and in its absence, but with a significant
increase in temperature.

Limiting the fire spread in tanks is actual, because when a single tank catches fire, the flame can
reach the adjacent tanks, which will lead to an increase in damage to the set of tanks [6].

To limit the spread of the flame in a horizontal position, it is proposed to use horizontal metal grids.
Initially, to study the possibility of using this device, it is necessary to determine the heat flux passing
through these grids. Since metal grids have a small reflectivity, the decrease in heat flux passing through
the grids will be insignificant. The best way the heat flux is shielded by grids with a wire of large diameter
and a small grid size. Let us consider the design of the grid as a multilayer wall consisting of two parallel
planes located at a short distance from each other. This design is characterized by a change in temperature
in the form of a broken line with straight segments, which show the change in temperature in the layers.
Thus, the heat flux decreases significantly when passing through several grids [7].

To conduct an experiment to determine the reduction of heat flux, there was offered a construction, as
shown in figure 3.

Figure 3 — The construction for determining
the amount of heat flux passing through the metal grids:
1 — muffle furnace 1; 2 — grid;
3 — thermocouple TXA; 4 — sensor

The principle of operation is as follows: muffle furnace 1 produces a constant heat flux of 3.5 kV/m?,
which passes through the grid 2, is fixed by a thermocouple type TXA 3 and sensor 4.

According to the results of the experiment, it was determined that the obstruction of the heat flux by
grids located at a distance of 20 cm regarding each other is the most effective, which in turn shows that
when the flux passes through a certain medium, its intensity decreases.

There were conducted further studies to determine the dependence of the cell size on the stability of
the foam. Studies were conducted to determine the optimal size of the cell structure, so that the foam does
not settle inside it and does not go beyond its limits. The tests were carried out for horizontal grid con-
struction with a round shape to install vertical steel grids of various sizes in tanks [8].

To determine the effectiveness of foaming agents, there was chosen an additional foaming agent.
«Multipurpose», which is our innovation. In addition to it, there were used the following brands of foa-
ming agents: PO-6SII, PO-6RP, PO-6VAS, « Multipurpose»; as well as the grids of sizes 1,1; 0,9; 0,44;
0,1 and 0,094 mm.

It was determined that the smaller the cell size is, the longer the foam stability in the grid volume and
the higher the percentage of filling the volume of the construction. The most optimal cell size — 0,094 mm.
See the figure 3.

The next stage in the development of a fire limiting system was a research to establish the optimal
foam multiplicity in relation to its stability. Finding the optimal value of the multiplicity at maximum
durability depends on the following factors:

— foam agent properties;

— foam agent concentrations;

— method of producing a foaming agent;

— weather conditions;

— other factors.

It has been established that with increasing foam multiplicity, the foam stability time increases, and at
the same multiplicity, the foam stability directly depends on the degree of its dispersion. But with
increasing degree of dispersion, the film thickness also decreases, which leads to the destruction of the
foam. The next research stage of the possibility of using structures limiting the spread of fire was the study
of foam stability in a grid structure when exposed to heat flow.
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There were carried out the tests to determine the effect of temperature using a tray, and AI-80
gasoline was used as a combustible liquid, poured onto the water cushion with a layer of 10 cm. A grid
structure was installed on the top, and free burning was made during 5 minutes, after which there was
made filling with mechanical foam, then there was measured time of 50% foam volume destruction. The
combustion temperature was 800 °C. The stability time of the average multiplicity foam is higher than that
of the high-multiplicity foam; moreover, the resistance time is reduced by 30-35% regarding air tests.
However, it should be noted that the “Multipurpose” foam agent has better performance than the widely
used foam agents [9, p. 256].

The final stage of the research was the determination of the degree of heat flux retention by the
construction filled with air-mechanical foam. Based on the fact that when radiant energy is affected the
flammable liquid, there can happen spontaneous combustion, the radiant flux must not exceed the
radiation density for this liquid.

The tests consist in measuring the temperature on the outer and inner surfaces of the enclosing
structure in conditions close to a real fire. The combustible liquid was AI-80 gasoline that was set on fire
and there was allowed open burning. Due to the inhomogeneity of the flame burning, according to the
construction area there was defined average temperature on the outer and inner surface of the construction,
which was determined using thermocouple TXA at 5 points of the construction in order to achieve reliable
results [10, p. 197].

Thus, decrease in temperature is due to the expenditure of heat for heating both the grid construction
and the air-mechanical foam. Obviously, with an increase in the amount of combustible material, the
maximum temperature and duration of combustion increase.

According to the results of the test, for the effective operation of the enclosing structures, it is
necessary to ensure a continuous supply of foam to the grid structure. In addition, to establish the optimal
number of sections within the grid structure, there were made tests with round structures of various
heights: 450, 500, 550 and 600 mm to establish the time of thermal resistance and the average temperature
on the outer surface.

It should be noted that the given horizontal construction for limiting the spread of fire has a high
resistance to thermal effects, which allows its use to fight fires in tanks. There was made the analysis of
the experiment results using a mathematical model, there was obtained a small discrepancy between
mathematical model data and the results of the experiment. But despite this, these results confirm the
effectiveness of finding the foam in the protective structure. But despite this, these results confirm the
effectiveness of foam presence in the protective structure.

Thus, as the result of the research, there were developed protective coatings for the walls and roofs of
tanks made of granular fusible non-combustible substances as an additional passive protection against the
fire spread. In the course of the laboratory tests, there was determined that the offered horizontal grid
construction for fire extinguishing in a tank, together with the use of the Multi-Purpose foam agent that
was developed by us, can prevent fire spreading to the nearest tanks and other structures.

A. A. Anexcanapos', A. . Tymepos?, ®. III. Xadu3zos?,
I. A. lllapunos (Ay6akupos)’, Bansaemap Koznosekn®

'H. . bayman ateinaarsl Mockey MeMJIEKETTiK TeXHHKaJIBIK yHHBepcuTeTi, Mockey, Peceii,
Y ha MeMIeKeTTik MyHail TeXHHKAIBIK yHHBepcHTeTi, Y a, Peceit,
*Kazakcran Pecry6nukacs! Imiki ictep MUHHCTpIIIr
Terenme xargaitnap komureTi Kekmeray TeXHUKANBIK HHCTUTYTHI, Kokmeray, Kazakcran,
“Bapmua sxoHe Ma3zypy yauepcurteri, [lonpma

OPTTIH TAPAJIYBIHAH KOPFAY YIIIH TYAIPIUIKTEJTEH BAJTKUTBIH )KAHBAWTBIH
3ATTAPJAH /KACAJIFAH PESEPBYAPJIAP/IbIH KABBIPFAJIAPBI MEH
INATBIPJIAPBIHA APHAJIF AH KOPFTAHBIII ’KABBIH/IAPBI

AnHoTanus. 3epTTey HOTIKECIHAEe MYHal-Ta3 eHEpKaciOi 0OBeKTiNepiHiH TiK 0oJaT pe3epByapiapblHAa OpT
TYBIHJaFaH Ke3/e jkKaHa KoOiK Ty3eTiH KYpamaap MEH JKaIbIHHBIH TapallyblH IIEKTEY KYpalgapblH KOJIIaHY TeX-
HOJIOTHSICHI JKeTUIHipiai. Te3 TYTaHATBIH CYHBIKTHIKTAPABl COHMIPYTE TaNmay XKYPTi3iidi, erep OacTamksl Ke3eHIE
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OPTTI XKOI0 KYPTi3ijMece, OpT y3aKKa CO3bLIATBHIH CAThIFa aybICATHIHBIH KyJJIaHAbIpabl. Pe3epByapIibIK mapKTepaeri
OpT CaIIZIAPbIH KO0 YIIIH OChI KE3€H/I€ KOCBIMIIIA KYIITEP MEH Kypaiaap Kaxer 0oiaasl. OpT TapaayblHAH KOCHIMIIIA
MIACCHUBTI KOPFAHBIC PETiH/IE TYHiPUIiKTeNTeH OaTKUTHIH )KaHOAWTHIH 3aTTapaH KacalFaH pe3epByapiapIslH KaObIp-
Fajapbsl MEH IIAThIPJIapblHA apHAIFaH KOPFAHBIC JKaOBIHAAPHI O3IPJICH/l JKOHE IKCIEPUMEHTAJIbl CHIHAKTaH OTKi-
3inni. COHBIMEH KaTap, 3epTXaHAIbIK XKoHE KapThlIail OHEPKACINTIK JKaFAaiIapaa ki >koHe CBIPTKBI KaOBIHAAP BT
nmaiinanany MYMKiHIIKTepi 3epaenesai. Tik 6omat pesepByapiapAblH KaOBIpFramapsl MEH IIATHIpIaphlHA apHAJIFaH
KOpFaHbIC KaObIHapbl OTKa TO3IMII KacueTrrepre ue 6onaapl. Onap Tik Oonar pe3epByapiapliblH KaObIpFaiapbIHbIH
TEeMIepaTypachlH TOMEHACTYre MyYMKIHIIK Ocepemi. COHBIMEH KaTap TYHIPUIIKTEITeH OalKbIMajibl XKaHOAWTHIH 3aT-
TapJiaH jkKacajJfaH TiK OoiaT pe3epByapiapblH KaObIprajgapbl MeH LIaThIpjapblHa apHajfaH YCBIHBUIBII OTBIPFaH
KopraHbiC kaObIHAAPHI JKAIBIHHBIH TapalyblH [IEKTEYre >XOHE OJap/bl OHTAMIBI OKIIAyJiayblHA BIKIAT €TEl,
COH/Iali-aK CTATHKAJBIK DJIEKTP pa3psATapblHAH OPTTEPiH TYBIHAAYBIH OOJIBIPMAIbL.

Tyiiin ce3aep: epTKe Kapchl KOPFAHBIC, OPTTEH KOPFay TEXHOJOTHSICHI, MYHAl ©HIMIepi, pe3epByap, *KaHFBIII
KOCTIa, )KBLTY aFBIHBI, KOOIK TYPaKTHUIBIFBI, IUIEHKA KAIBIHIBIFBI, KOOIKTIH OY3BUTYHI, T€3 TYTAHATHIH CYUBIKTHIK.

A. A. Asnekcannpos’, A. I'. [ymepos, ®. 111 Xa¢uzos’,
I. A. llapunos (Ay6akupos)’, Baabnemap Kosnoscxu®

"MockoBcknii TocynacTBeHHbI TexHUUecKuii yruBepeuteT um. H. D. Baymana, Mocksa, Poccus,
%Y pumMckuit rocy1apcTBeHHBINH HedTAHOM TexHUIecknil yruuBepentet, Yda, Poccns,
Koxkmerayckuif TeXHUUECKUM HHCTUTYT
KomuTera o upe3BbruaitneiM cutyarmsm MBJ Pecriy6nuku Kaszaxcran, Kokieray, Kazaxcran,
4YHnBepcheT Bapmua u Masypy, Ilonbsma

SAIIUTHBIE MMOKPBLITUSA JJIA CTEHOK U KPOBJIU PESEPBYAPOB
N3 IT'PAHYJHUPOBAHHBIX ITVIABKUX HET'OPIOYUX BEHIECTB
JUIA BAIATHI OT PACITIPOCTPAHEHMUSA ITOKAPA

AHHoOTanus. B pe3ynpTare nccnenoBaHus Oblila yCOBEPIICHCTBOBAHA TEXHOJOIUS IPUMEHEHHS HOBBIX MEHO-
00pa3yrolIUX COCTaBOB M CPEACTB OTPAaHUYEHMS PACIPOCTPAHEHMS IUIAMEHH IPH BO3HUKHOBEHMH II0XKapOB B BEp-
TUKAJIBHBIX CTAJBHBIX pe3epByapax o0beKTOB He()Tera3oBoil NpoMbIuieHHOCTH. [IpoBe/ieH aHaIu3 TyIIEeHuUs JIETKO-
BOCIUIAMEHSIOIIUXCS JKUJIKOCTEHM, KOTOPBIM CBUAETEILCTBYET, YTO, €CIM HE IPOU3BEICHA JIMKBUAALHMS II0Xapa B
Ha4aJIbHOM CTaJuu, II0Kap MEPEeUIeT B 3aTSHKHYIO cTaquto. JId IMKBUIALUU NIOCIEACTBUIM 110Kapa B pe3epByapHbIX
napkax, 3TOH CTaJiH MOTPeOyeTCsl TOMOTHUTEFHOE KOJIMIECTBO CHII M CPEJICTB. B KadecTBe 1OMOIHUTEIBHON TTac-
CHBHOM 3alllUTHI OT PaclpoCTpPaHEHUs MOXapa pa3paboTaHbl M SKCHEPHUMEHTAIBHO arpoOHpOBaHbI 3aIIUTHBIE I10-
KpBITUS JUIl CTEHOK U KPOBIHM PE3€pPBYapOB M3 I'paHyJIMPOBAaHHBIX IUIABKMX HEroprodux BemiectB. Kpome toro, B
71a00paTOPHBIX M TOYNPOMBIIUICHHBIX YCIOBHSX OBUTM M3Y4€HBI BO3MOXKHOCTH HCIIOJNB30BAHUS BHYTPCHHUX H
BHEITHUX TOKPBITHU. 3alIUTHBIC MOKPBITHA IJISI CTEHOK M KPOBIIM BEPTUKAIBHBIX CTAIBHBIX PE3E€pBYyapoB OymyT
00y1anaTh OrHECTOMKUME cBoMcTBaMU. OHH TO3BOJISIOT MOHIDKATh TEMIIEPATyPy CTEHOK BEPTHKAIBHBIX CTaJbHBIX
pesepByapoB. IIpennaraeMple 3aIIUTHBIE IOKPBITUS AJIsi CTEHOK M KPOBIIM BEPTHKAJIBHBIX CTAJbHBIX PE3EPBYApOB U3
rpaHyJIMPOBAHHBIX IIABKUX HETOPIOYMX BEIIECTB OYIyT CIIOCOOCTBOBATH OIPAHUYEHUIO PACIIPOCTPAHEHHS INIAMEHU
U UX YCIEUIHOW JIOKAIU3aluHu, a TaKXKe IPENOTBPALLAOT BO3HUKHOBEHHUE II0XKAPOB OT paspsaloB CTAaTUYECKOIO
JIIEKTPUYECTBA.

KaioueBble cjioBa: MpOTHBOIIOXKAPHAS 3aIlIMTA, TEXHOJIOTHS OTHE3aLIUThI, He()TEPOAYKThI, pe3epByap, ropro-
4asi CMECh, TPAHyJIMPOBAaHHbBIE MAaTEPUAIbl, TEIUIOBON MOTOK, TONIINHA [UIEHKU, Pa3pyLIeHUEe NEHbI, IETKOBOCIIaMe-
HAIOLIASACS KUIKOCTb.
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