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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 ma-
terials, 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 re-
leased, 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.¢. 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 extingui-
shed 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 [3].

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
Kazakhstan.

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
during 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
temperature 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 - = - _

High in temperature range

Chemical resistance high high from 20°C to 60°C

high

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. 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.

2

Figure 1 — Multi-layer protective coating:
1 — tank metal; 2 — adhesive layer; 3 — main protective layer

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 buming 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;

— the possibility of use, both in the presence of an open fire, and in its absence, but with a significant
increase in temperature.
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Figure 2 — Scheme of tank fire extinguishing system:
1 — the tank; 2 — tank temperature sensor; 3 — supply pipeline; 4 — injection pump; 5 — nitrogen or carbon dioxide containers;
6 — automatic signal processing system; 7 — valve; 8 — the container with granular material

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.

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
foaming agents: PO-6SI1, 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.

Figure 3 — The construction for determining the amount of heat flux passing through the metal grids:
1 — muftle furnace 1, 2 — grid, 3 — thermocouple TXA, 4 — sensor
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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 increa-
sing 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.

There were carried out the tests to determine the effect of temperature using a tray, and AI-80 gaso-
line was used as a combustible liquid, poured onto the water cushion with a layer of 10 cm. A grid struc-
ture 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 spontancous 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 neces-
sary to ensure a continuous supply of foam to the grid structure. In addition, to establish the optimal num-
ber 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.
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OPTTIH TAPAJIYBIHAH KOPFAY YIIIH TYHIPINIKTEJTEH BAJIKUTHIH ) KAHBAWTBIH
3ATTAPJAH KACAJIFAH PESEPBY APJIAP/IbIH KABBIPTAJIAPBI MEH
INATBIPJIAPBIHA APHAJIFAH KOPFAHBIII )KABBIH/IAPBI

AnHoTamus., 3epTTCY HOTIKCCIHAC MYHAH-TAa3 OHCPKICIOl OOBEKTLICPiIHIH TiK 0OIaT pe3cpByapiaapslHAA 6pT
TYBIHIAFAH Ke37¢ 'KaHa KeOIK TY3ETiH KypaMJaap MCH >KaIbIHHBIH TAPAJIyBIH IMECKTCY KYPAIAAPhIH KOJTAHY TEXHO-
JOTHACHL >KeTinmipinmi. Te3 TYTaHATHIH CYHBIKTBIKTAPABI COHIIPYTS TAIAAy KYPTrisiimi, erep OacTamkel KE3CHIC
OPTTI >KOI0 JKYPTI3LIMECE, OPT Y3aKKA CO3BLIATHIH CAThIFA Ay BICATHIHBIH KydIaHABIpaasl. Pe3epByapIiblk mapkrepaeri
6T CaIIapbIH >KOO YIIIH OCBI KE3CH/IE KOCHIMIIA KYIITEP MEH Kypanaap KaXeT 00Iaabl. OpT TapaayblHAH KOCHIMINA
TIACCHBTI KOPFAHBIC PETIHAC TYHIPIIIKTEITCH OAIKUTHIH JKAaHOAWTHIH 3aTTApAAH >KAacalIFaH Pe3epByapiaapabH KaObIp-
FaJapbsl MCH INATHIPJIAPHIHA APHAIFAH KOPFAHBIC YKAOBIHAAPHI 93IPJICH] JKOHE 3KCICPHMEHTAIABI CBIHAKTAH OTKi-
3inai. COHBIMEH KaTap, 3ePTXAHANBIK JKOHE XKAPTHLIAH OHEPKACINTIK YKaFIaiIapaa ikl KOHE CHIPTKBI YKaOBIHAAPbI
malmataHy MYMKIHOIKTepi 3epaencHai. Tik 60aT pesepByapiaapablH KaOBIpFaiapsl MCH INATHIPJIAPBIHA ApPHATFAH
KOPFaHBIC »KaObIHIAPHI OTKA Te31MAl KacueTTepre ue 6omaxpl. Onap Tik 00nar pe3epByaprapasH KaObIPFaNIapbIHbIH
TEMIICPATY PAChIH TOMCHACTYTE MYMKIHAIK Ocpeai. COHBIMCH KaTap TYHIPIIIKTSITCH OATKBIMAIBI KAHOANTHIH 3aT-
TapOaH JKacalFaH TiK OOAT Pe3epBYapiIapablH KaOBIPFalapbl MCH IIATHIPIAPHIHA APHAJFAH YCHIHBLTBIT OTBIPFAH
KopranbIc kaOBIHAAPHI >KANBIHHBIH TAPANYBIH IICKTCYTC >KOHE ONApAbl OHTAMIBI OKIIAYJAYBIHA BIKIAN CTEl,
COH/Ial-aK CTATHKAJBIK 3JEKTP Pa3psATAPbIHAH OPTTEPIIH TYBIHAAY bIH OOIIBIPMAFiTbL.

Tyiiin ce3aep: epTke Kapchl KOPFAHBIC, OPTTCH KOPFay TEXHOJOTHACH], MYHAH 6HIMICPI, pe3epByap, sKaHFbBIII
KOCTIA, YKBUTY aFbIHBI, K60IK TYPAKTHUIBIFGI, IICHKA KAJIBIHABIFbL, KOOIKTIH OY3BLTybI, T€3 TYTAHATHIH CYHBIKTHIK.
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SAIIIMTHBIE NOKPBHITHUA AJIAA CTEHOK U KPOBJIM PESEPBYAPOB U3 T'PAHYJINPOBAHHBIX
INIABKHUX HEI'OPIOUHX BEIHIECTB JJIA 3AIIATHI OT PACITIPOCTPAHEHHUA ITOKAPA

AnnoTtamus. B pesynprare uccrenoBanus ObUIa yCOBEPIICHCTBOBAHA TEXHOJIOTHS IIPUMEHCHHUS HOBBIX IICHO-
00Pa3yIOIMX COCTABOB M CPEACTB OTPAHHYCHHS PACTIPOCTPAHCHUS TIIAMEHH TIPH BOZHUKHOBCHUH ITOKAPOB B BEPTH-
KaJbHBIX CTANBHBIX Pe3epBYapax 00BEKTOB HE(TETA30BOH MPOMBIIUICHHOCTH. [IpOBEACH aHANM3 TYIICHHA JICTKO-
BOCIUTAMCHSIOIIIXCS JKAAKOCTEH, KOTOPBIM CBHACTENBCTBYET, UTO, €CIH HE MPOM3BEACHA TUKBHAALUA IOXKAPA B
HAYATbHOU CTAAMH, MOXKAP NEPEHACT B 3aTLKHYIO CTAAMIO. [ TMKBHIAIMH MOCICACTBUI MOKAPa B PE3EPBYapHBIX
napkax, 3TOH CcraauM NOTPeOyeTCs NOIOJIHMTCIBHOE KOJMYECTBO CHUJI U CPEACTB. B KkauecTBEe AONOIHUTEIBLHOM
MACCHBHOM 3aIIWTBI OT PACHPOCTPAHCHHS IIOKapa pa3pabOTaHBI W SKCICPHUMCHTAIBHO ampoOHWPOBAHBI 3AIMUTHBIC
TOKPBITHA JJ1 CTCHOK M KPOBIH PE3€PBYAPOB M3 FPAHYIHPOBAHHBIX IIABKHX HETOPIOYUX BEIIECTB. Kpome TOro, B
7Ta0OPATOPHBIX M IIOJYIPOMBINUICHHBIX YCIOBHAX OBUIM H3Y4CHBI BO3MOXKHOCTH HCIOJNB30BAHUS BHYTPCHHUX H
BHCIIHUX MOKPBITHH. 3AIIUTHBIC MOKPBHITHA AMS CTCHOK W KPOBJIM BEPTUKANBHBIX CTATBHBIX PE3CPBYapoB OyIyT
00anaTh OTHECTOMKHMH cBoMcTBAMH. OHH IMO3BOJLIFOT MOHIZKATH TEMIIEPATYPY CTCHOK BEPTHKAJIBHBIX CTAIBHBIX
pesepsyapos. IIpennaracMele 3aIIUTHBIC TOKPHITHSA I CTCHOK U KPOBIH BEPTUKANBHBIX CTAIBHBIX PE3EPBYapoOB U3
TPaHy TMPOBAHHBIX IUIABKUX HETOPIOYMX BEHICCTB OYAyT CIOCOOCTBOBATH OTPAHUYCHHIO PACIPOCTPAHCHHS MIJIAMCHA
H HUX YCICHIHOM JOKANM3ALHWH, a4 TAKKe MPEAOTBPALIAIOT BOZHHKHOBCHHE IOXKAPOB OT Pa3psaIoB CTATHYECCKOTO
3NICKTPHYIECTBA.

KioueBnbie c/1oBa: MPOTHBOMIOMKAPHAS 3AIIUTA, TEXHOJOTHI OTHE3AMIMTHI, HE(DTECIIPOIYKTHL, PE3EpByap, ropro-
Yask CMeCh, TPAHy IMPOBAHHBIC MATEPHATIBL, TCIIOBOM MOTOK, TOMINUHA IJICHKH, PA3PYIICHUE NEHBI, TETKOBOCILIAME-
HAKOIIAACS JKHAKOCTb.
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