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The modern approaches to the creation of fire protective coatings through modifying intumescent systems by 
nanomaterials have been considered; chemical reaction mechanisms at high temperature have been studied. Interactions 
among the components of polyphosphate type intumescent blend have been researched, the correlations between the 
directions of chemical processes and fire retardant properties of intumescent coatings have been found. Efficient methods 
for raising fire-protective efficiency and improving performance characteristics of intumescent coatings (operation life, 
resistance to environmental factors and bio-contamination) have been proposed. The results of fundamental research have 
enabled developing new flame retardant compositions whose properties are confirmed by tests in accordance with existing 
standardized methods; these results have been commercialized.
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In Ukraine, advanced fire-retardant technologies 
have been developed, at least, thirty years, starting 
with R&D works of the L.M. Litvinenko Institute 
of Physical, Organic and Coal Chemistry of the NAS 
of Ukraine (IPOCC), in cooperation with R&D Fire 
Protection Institute that was the leading agency of 
the USSR in the field of fire safety. This coopera-
tion has resulted in the creation of technique for ob-
taining an intumescent graphite-based fireproof coa-
ting of new generation and several unique polymeric 
fire-retardant agents [1–3] produced at the IPOCC 
pilot plant and used for fire protection of strategic 
facilities such as military complexes, ammunition de-
pots, and NPP generator halls [4, 5]. The R&D works 
concerning the design of effective fire-retardant for-
mulas based on fundamental research of reaction abi-
lity and chemical transformation mechanisms con-
tinue and are funded by the NAS of Ukraine [6–10].

This research is of paramount importance in the 
view of Euro-integration aspiration of Ukraine and 
respective harmonization of the national fire safety 
regulations and standards with the European stand-

ards containing requirements that cannot be met un-
less advanced chemical methods are used [11–13]:

 Prohibition of the use of halogen-containing 
materials and flame retardants in the construc-
tion industry;

 Ensuring of stable composition of fireproof 
coating, prevention of its adverse effect on the 
human health during operation, and minimiza-
tion of toxic effect of combustion products on 
the human being during the fire.
Proceeding from the above, this research is 

aimed at searching and designing effective and 
feasible fireproof coatings for construction ob-
jects having good operational, sanitary and hygi-
enic, and environment friendly properties.

INTUMESCENT COATINGS

On the basis of the IPOCC researches and the 
world fire-fighting experience, an intumescent 
system of conventional composition is chosen as 
subject of study [9, 14–18]:

 Acid donor: phosphates, ammonium polyphos-
phate (APP);

 Carbonizing agent: pentafluoride (PF) and its 
analogues;
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 Gasifier, foaming agent: melamine derivatives 
(MD), derivatives of dicyandiamide, carbamide.
The IS-containing coatings are referred to thin 

fireproof intumescent coatings. At high tempera-
ture, the coatings expand 20–80 times and trans-
form into incombustible coke layer preventing 
increasing temperature of material for a certain 
time (Fig. 1).

Fire-retardant effect of these systems is con-
nected with two main factors, the chemical and the 
physical ones. The chemical factor is determined 
by carefully selected (in terms of properties and 
quantity) components that, at high temperature, 
undergo endothermic reactions with the forma-
tion of incombustible coke layer or decay releasing 
incombustible substances thereby inhibiting the 
combustion processes. The physical factor is asso-
ciated with thermal insulation properties of the 
layer that prevents the protected object from heat-
ing during the fire and with strength, density, and 
thermal conductivity of the coke layer. 

The con-calorimetric method is widespread and 
practically the only technique for studying fireproof 
effectiveness of IS [19–21], which enables getting 
information on the rate of heat release, which is, ba-
sically, the key factor for assessing the material flam-
mability with indirect data on probable chemical 
transformations. However, these data do not give a 
comprehensive understanding of physical and me-
chanical parameters (density, adhesion to substrate, 
temperature of destruction) of the coke layer, which 
makes impossible to ensure long-term fire resist-
ance of construction objects during the fire. 

The authors of this paper have proposed a gra-
dual study of chemical and physical transforma-
tions in IS with identifying the structure of che-
mical reaction products and the physical param-
eters of the coke layer [22, 23]. The method fore-
sees keeping the samples of intumescent coatings 
at specified temperature (within the range of 200—
700 °С) with further measurement of volume in-
tumescence factor (К, cm3/g), mass loss Δm (%), 
density of intumesced material ρ (g/cm3), and 
adhesion of intumesced layer to substrate. These 
studies enable predicting fireproof effectiveness 

of IS-based coatings [23]. At the same time, the 
chemical composition of coke layer is analyzed 
using IR and NMR spectroscopy.

CONTROL OF CHEMICAL TRANSFORMATION MECHA-

NISM IN INTUMESCENT SYSTEM

The fireproof mechanism in intumescent tech-
nology is conventionally described by the scheme 
of chemical reactions of blend components, name-
ly [25, 26]: thermal decomposition of phosphates 
or poly phosphates with the formation of phos-
phoric acids and ammonia; decomposition of foa-
ming agent (amine) with the formation of incom-
bustible gases (NH3, CO2, N2 etc.); dehydration 
and esterification of polyol by phosphoric acid with 
the formation of spatial structures of the coke lay-
er — the base of heat insulating envelope.

                     

.               (1)

The proposed scheme of transformations gives 
a very simplified and formalized understanding 
of transformations taking place in the system of 
pho sphoric acid donor/polyol/foaming agent with-
in the temperature range of basic chemical proc-
esses (100–400 °С). In this interpretation, the 
functional role of organic amine reduces to the 
formation of incombustible gases that inhibit com-
bustion and ensure intumescence of envelope for-
med by polyol and phosphate. 

The systematic study of chemical composition 
of the coke obtained within the range of tempera-
ture from 100 to 400 °С using IR and NMR spec-
troscopy [8] has showed that a nucleophilic re-
placement reaction (2) occurs near the 5th coordi-
nating atom of phosphorus between phosphoric 
acid (or its derivatives) and amine, in the system:

    

.   (2)
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The strength and heat resistance of the coke 
layer increase as the rate of formation of phospha-
mide bond –P–N= by aminolysis raises (2). This 
conclusion stimulated the search of optimal condi-
tions for the realization of scheme (2) in IS and 
enabled designing a procedure for the production 
of new complex fire-retardant additives for intu-
mescent paints containing amine and phosphate 
components, which are not manufactured in Uk ra-
ine. A fire-retardant additive playing roles of acid 
donor and foaming agent simultaneously has been 
used for developing a new efficient fire-retardant 
composition for the timber with improved fire-
proof and operational properties [6, 7], which is 
manufactured in Ukraine and branded Endoterm 
250103 (Spetsmaterialy RPC, Kyiv).

The hypothesis that the foaming agent is an ac-
tive component of IS for building a heat insulating 
envelope [24] has been confirmed by studying the 
mechanisms of chemical reactions and the parame-
ters of intumesced layer of APP/PF/amine system. 
It has been established that amines which are the 
most widespread in the production of intumescent 
coatings (melamine, dicyandiamide, car bamide) re-
act with other system components in different di-

rections, which enables harmonizing the processes 
of expansion, formation and time of service life of 
the coke layer by combining foaming agents within 
one IS in order to raise fireproof effectiveness of co-
ating as a whole. These studies have enabled estab-
lishing a clear dependence between the amine struc-
ture and the limit of fire resistance of metal structu-
re ensured by fireproof coating as showed in Fig. 2. 

The shares of melamine, dicyandiamide, and car-
bamide in IS for ensuring respective limits of fire 
resistance (R, min) are important data for prepar-
ing cost-effective formulas of fire resistant agents, 
which makes possible to decrease the costs of fire 
protection of structures of the 2nd and the 3rd 
classes of fire resistance, at least, by 10—15%.

WAYS OF MODIFICATION 

OF INTUMESCENT SYSTEM

Fireproof effectiveness

Numerous researches of IS on searching optimal 
components of process have demonstrated that the 
range of these substances is very limited: APP, PF 
and analogues, and МА derivatives. The inert fillers 
(metallic oxides, fire-retardant agents, ceramic ma-
terials, wollastonites, etc.) do not improve radically 

Fig. 1. Steel piers with intumescent coating before (а) and after (b) fire tests according to DSTU 
B. V.1.1-14:2007. Intumescent paints for metallic structures have been tested by Donstroitest 

а b
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the fireproof properties of IS [22, 25–28]. Therefore, 
the scientific approach to the design of new effec-
tive intumescent composites in terms of varying 
both the chemical nature of the components and 
their proportion seems to be almost exhausted. 

Therefore, optimization of IS with nanomateri-
als as admixtures improving fireproof, operational, 

and environment properties of the coatings is a 
good solution [29–30]. The study of effect of na-
nooxide and nanoclay admixtures (montmorillon-
ite and bentonite clays) has enabled establishing 
the fact that positive action of nanoparticles mani-
fests itself in four basic directions:

 Catalysis of chemical processes between the IS 
components with modification of mechanisms 
of reactions, their rates and composition of the 
products at all stages of transformations under 
the action of high temperature;

 Creation of barriers for oxygen penetration to the 
combustion area and for migration of off-gases;

 Involvement into carbonization with the for-
mation of heat insulating coke layer having a 
high strength and a strong thermal resistance;

 Extension of service life of the coating during op-
eration and reducing its toxicity during the fire.

Fig. 3. Measurement of fire resistance of steel pier according 
to DSTU B. V.1.1-14:2007 (coefficient of profile section 
192 m–1) protected by Endoterm 170205 intumescent coat-
ing with nanocomposite additives: n-TiO2 — titan nanoox-
ide, ММТ-CTA — cetyl-trimethyl-ammonium montmoril-

lonite (from records of Donstroitest)

Fig. 2. Approximate proportions of amines (%) in intumes-
cent coating for ensuring  respective limits of fire resistance 
(min) of steel structures tested according to DSTU B. V.1.1-
14:2007: а — intumescent composition with styrene acrylate 
copolymer in organic solvent; b — emulsion intumescent 

composite with ethylene vinyl acetate copolymer

Effectiveness of Decontamination of Materials Treated 
with EVAFARB in the Case of Artificial Contamination by Test Strains

Material
Effectiveness of decontamination in 24 hours/30 days

S. aureus E. coli C. albicans A. niger M. tuberculosis B5

Wood 90.4/97.0 92.2/99.2 94.5/99.5 91.2/91.2 100/100
Gypsum wallboard 93.1/91.0 90.5/99.4 90.5/95.0 91.5/93.5 100/100

Concrete 90.0/93.9 91.5/97.0 89.9/91.0 90.5/95.5 98.7/100
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The mechanisms of chemical effect of metallic na-
nooxides and nanoclays on the reactions running in 
IS at a temperature of 100–500 °С have been consid-
ered in [29–32]. These studies have allowed the re-
searchers to identify montmorillonite modified by 
quaternary ammonium salts as optimal admixture 
for IS, which increases the fire resistance limit of pro-
tected steel structures by 10–15% (Fig. 3). 

The application of modified Endoterm 250103 fire-
retardant composition for timber has enabled to sig-
nificantly reduce costs of fire protection and to raise 
its resistance to moisture and atmospheric effects.

Service life

Pursuant to ETAG 018-2 [33], the fireproof ef-
fectiveness of coatings for steel structures has 
been estimated before and after climatic tests for 
working conditions Z2. The service life of intu-
mescent coating (APP/PF/melamine/EBA co-
polymer/titan oxide with MMT admixture) test-
ed by ETAG 018-2 method has been established 
to reach 15 years that is 3 years longer as com-
pared with the basic coating.

Antimicrobial properties

The nanoclays used for fireproof coatings also 
enhance antimicrobial properties of fireproof me-
ans by adding MMT nanocomposites with bio-
cide substances [34]. The application of this pro duct 
has led to raising bioresistance of EVAFARB an-
timicrobial paint having a low flammability (Spets-
materialy RPC, Kyiv). ММТ nano composite con-
taining nanosilver ions and polyhe xa me thyl en-
gua nidine cations imparts to EVAFARB a wide 
range of biocide action: bactericide, virulicide, 
fungicide, sporicide, and algicide effects and meets 
the requirements of Euro pean Directive on bio-
cide products [35]. Some data on antimicrobial 
properties of EVAFARB coating obtained at the 
Gromashevskyi Institute for Epi de miology and 
Infection Diseases of the AMS of Uk raine pursu-
ant to national standards and methods [36, 37] 
are given in Table below

Due to its good antimicrobial properties, especi-
ally, with respect to tuberculosis bacillus, EVAFARB 

paint is used as a disinfectant for emergency exits 
in public places, medical and child care establish-
ments, enterprises of food industry and agricul-
ture, in prisons and barracks.

We publish information on several R&D accom-
plishments of IPOCC in the sphere of reactive fire 
protection that have been commercialized. The ex-
perience of IPOCC researchers in the field of fire 
protection has been used for drafting national fire 
safety standards [38, 39]. They are among the mem-
bers of working groups of technical boards of the 
Ministry of Regions and Standartization (ТК25 Fi-
re Safety and Fire Fighting Facilities, ТК304 Pro-
tection of Buildings and Structures, and ТК-315 
Fire and Anthropogenic Safety Systems of Buil-
dings and Structures) and founders of internation-
al NGO, Fire Safety and Audit Association. The 
R&D results have been published in monograph 
studies and guidelines [10, 40] on fire protection of 
structures.

REFERENCES

1. Pat. SSSR № 1799886. Sostav dlja teplozashhitnyh pok-
rytij. Somova E.V., Rozov A.S., Reutov O.S., Al'shanov 
Ju.I., Kostikov S.V., Drizhd L.P. [in Russian].

2. Pat. Ukrai'ny № 23926. Vodorozchynna vognezahysna 
sumish. Vahitova L. M., Skrypka G. V., Zhyl’cov M. P. 
[in Ukrainian].

3. Pat. SSSR № 1529687. S-triazinsoderzhashhie jepo k sid-
nye soedinenija v kachestve termopolimerizujushhihsja 
monomerov dlja polimerov i S-triazinsoderzhashhie tet-
rafenoly v kachestve promezhutochnyh soedinenij dlja sin-
teza S-triazinsoderzhashhih jepoksidnyh smol. Drizhd L.P., 
Kajda L. N., Prudchenko A. P., Batizat V. P. [in Ru ssian].

4. Vahitova L.N., Chepovskij V.O. Nekotorye aspekty og-
ne zashhity metallokonstrukcij mashzalov. Tehnologii be-
zo pasnosti i pozharnoj zashhity. 2010, N 1(43): 62—66 [in 
Russian].

5. Vahitova L.M., Feshhenko P.O., Lapushkin M.P., Kalafat 
K.V. Zahyst metalevyh budivel'nyh konstrukcij vid 
vply vu korozii' j vognju. Budivnyctvo Ukrai'ny. 2007, N 
2: 8—12 [in Ukrainian].

6. Pat. Ukrai’ny na korysnu model’ № 73096. Vognezahysna 
farba dlja derevyny. Vahitova L. M., Lapushkin M. P., 
Drizhd V. L. [in Ukrainian].

7. Pat. Ukrai’ny na korysnu model’ № 41447. Vognezahysna 
farba dlja derevyny. Vahitova L. M., Lapushkin M. P. [in 
Ukrainian].



44 ISSN 2409-9066. Sci. innov. 2015, 11(6)

Vakhitova, L.M., Calafat, K.V., Drizhd, V.L., and Taran, N.А.

8. Vahitova L.N., Taran N.A., Lapushkin M.P. i dr. Tver-
dofaznyj aminoliz v sisteme polifosfat ammonija—pen ta-
jeritrit—amin. Teoret. i jeksperim. himija. 2012, 48(3): 
163—167 [in Russian].

9. Vahitova L.N. Aktual’nye problemy ognezashhitny dre-
ve s iny. Tehnologii bezopasnosti i protivopozharnoj za sh-
hity. 2009, N 6(42): 58—60 [in Russian].

10. Vahitova L.N., Kalafat K.V. Ognezashhita stal’nyh kons-
trukcij. Kyiv: Ukrainskij centr stal’nogo stroitel’stva, 
2014 [in Russian].

11. Reglament (JeS) № 305/2011 Jevropejs’kogo parlamentu i 
ra dy vid 9 bereznja 2011 roku, shho vstanovljuje gar mo ni zo-
vani umovy dlja rozmishhennja na rynku budivel’nyh vyrobiv 
ta skasovuje Dyrektyvu Rady 9/106/JeES. [Ele ktronnyj re-
surs]: Official Journal of the European Uni on. Rezhym do-
stupu: http://eur-lex.europa.eu/LexUri Serv/LexUriServ.
do? Uri OJ:L:2011:088:0005:0043:EN:PDF [in Ukrainian]. 

12. Reglament (JeS) № 1907/2006 Jevropejs’kogo parlamentu 
i rady vid 18 grudnja 2006 roku pro rejestraciju, ocinku, 
avtoryzaciju i obmezhennja himichnyh rechovyn ta pre pa-
rativ (REACH). [Elektronnyj resurs]: The European Che-
micals Agency (ECHA). Rezhym dostupu: http//: echa.
europa.eu/web/guest/ candidate-list-table [in Uk rai nian].

13. Nacional’nyj plan vykonannja Stokgol’ms’koi’ konvencii’ 
pro stijki organichni zabrudnjuvachi. Proekt № GF/2732-
03-4668 «Zabezpechennja zahodiv iz rozroblennja Na-
cio nal’nogo planu shhodo vprovadzhennja v Ukrai’ni 
Stokgol’ms’koi’ konvencii’ pro stijki organichni zab ru d-
njuvachi». Kyiv: Min-vo ohorony navkolyshn’ogo pry-
rodnogo seredovyshha, 2006 [in Ukrainian].

14. Nenahov S.A. Fiziko-himija vspenivajushhihsja ogne za-
shhitnyh pokrytij na osnove polifosfata ammonija. Poz-
harovzryvobezopasnost’. 2010, 19(8): 11—58 [in Rus si an].

15. Bourbigot S., Duquesne S. Fire retardant polymers: 
recent developments and opportunities. J. Mater. Chem. 
2007, 22(17): 2283—2300.

16. Camino G., Costa L., Trossarelli L. Study of the me cha-
nism of intumescence in fire retardant polymers: Part V. 
Mechanism of formation of gaseous products in the 
thermal degradation of ammonium polyphosphate. Po-
lym. Degrad. Stab. 1985, 3(12): 203—211.

17. Bourbigot S., Le Bras V., Delobel R. et al. Carbonization 
mechanisms resulting from intumescence — part II. As-
sociation with an ethylene terpolymer and the ammo ni-
um polyphosphate-pentaerythritol fire retardant system. 
Carbon. 1995, 3(33): 283—294. 

18. Jimenez M., Duquesne S., Bourbigot S. Characterization 
of the performance of an intumescent fire protective 
coating. Surface and Coatings Technology. 2006, 201 
(3—4): 979—987.

19. Kruger H.J., Focke W.W., Albertus W.M., Roberson T.A. 
Cone calorimeter study of polyethylene flame retarded 
with expandable graphite and intumescent fire-retardant 
additives. J. of Fire Sciences. 2014, N 18: 1—19.

20. Omranea A., Wangb Y.C., Göranssonc U. et al. In tu-
mescent coating surface temperature measurement in a 
cone calorimeter using laser-induced phosphorescence. 
Fire Safety Journal. 2007, 42(1): 68—74.

21. Zhang J., Jiang D., Wilkie C. Polyethylene and po ly pro-
pylene nanocomposites based on a three component 
oligomerically-modified clay. Polymer Degradation and 
Stability. 2006, 91(1): 641—648.

22. Lapushkin M.P., Feshhenko P.A., Vahitov R.A. Vlijanie ne-
organicheskih antipirenov na ognezashhitnuju jeffek tiv-
nost’ sostavov intumescentnogo tipa. Lakokrasochnye ma-
te rialy i ih primenenie. 2007, N 1—2: 48—54 [in Ru ssian].

23. Vahitova L.M., Kalafat K.V., Lapushkin M.P. Vogneza-
hysna efektyvnist’ intumescentnyh system. Sumisna dija 
karbonizujuchoi’ spoluky ta donora kysloty // Himichna 
promyslovist’ Ukrai’ny. — 2007. — №5. — S. 41—46 [in 
Ukrainian].

24. Vahitova L.N, Taran N.A., Drizhd V.L. i dr. Vlijanie stru-
ktury amina na ognezashhitnuju jeffektivnost’ sistemy 
polifosfat ammonija-pentajeritrit-amin. Naukovі pracі Do-
nec’kogo nacіonal’nogo tehnіchnogo unіversitetu. Ser іja Hі-
mіja і tehnologіja. 2014, N 1(22): 142—149 [in Rus sian]. 

25. Vahitova L.N., Kalafat K.V., Lapushkin M.P., Feshhen-
ko P.A. Armirovanie vspuchennogo sloja ognezashhitnyh 
po krytij. Lakokrasochnye materialy i ih primenenie. 2007, 
N 7—8: 81—86 [in Russian]. 

26. Vahitova L.N, Zavertanyj A.A. Zhidkokeramicheskie 
teploizoljacionnye pokrytija — novoe slovo v jenergo-
sbe rezhenii. Tehnologii bezopasnosti i protivopozharnoj 
zashhity. 2010, N 3(45): 64—66 [in Russian].

27. Vahitova L.M., Kalafat K.V., Lapushkin M.P., Zhyl’cov 
M.P. Vognezahysni pokryttja. Shljahy pidvyshhennja 
efektyvnosti. Himichna promyslovist’ Ukrai’ny. 2007, N 
5: 11—15 [in Ukrainian].

28. Vahitova L.M., Feshhenko P.A, Lapushkin M.P., Kalafat 
K.V. Kompleksnoe reshenie problemy zashhity metal lo-
konstrukcij ot vozdejstvija korrozii i ognja. Promyshlen-
naja okraska. 2006, N 6: 17—22 [in Russian]. 

29. Taran N.A. Vlijanie oksidov i gidroksidov metallov i ih 
nanorazmernyh analogov na ognezashhitnuju jeffek tiv-
nost’ intumescentnoj polimernoj kompozicii. Naukovі pracі 
Donec’kogo nacіonal’nogo tehnіchnogo unіversitetu. Serіja 
Hіmіja і tehnologіja. 2013, N 2(21): 102—108 [in Russian].

30. Vahitova L.M., Taran N.A., Drizhd V.L. y dr. In tu mes-
centni kompozycii’. Vplyv nanospoluk na strukturu ko-
ksovogo sharu. Himichna promyslovist’ Ukrai’ny. 2013, N 
5: 9—15 [in Ukrainian].

31. Taran N.A. Vlijanie nanokompozita na osnove mon t mo ril-
lonita na termicheskoe razlozhenie i ognezashhitnuju jef fek-
tivnost’ intumescentnoj kompozicii. Naukovі pracі Do nec’ko-
go nacіonal’nogo tehnіchnogo unіversitetu. Serіja Hі mіja і 
hіmіchna tehnologіja. 2014, N 2(23): 128—135 [in Russian].

32. Vahitova L.N, Lapushkin M.P., Rybak V.V. i dr. Orga no-
modificirovannyj montmorillonit. Komponent ogneza-



45ISSN 2409-9066. Sci. innov. 2015, 11(6)

Chemical Solutions for Fire Protection Problems

sh hitnyh intumescentnyh sistem. Hіmіchna promislovіst’ 
Ukraїni. 2014, N 1: 57—62 [in Russian].

33. ETAG 18-2 Fire protective products Part 2: Reactive coa-
tings for fire protection of steel elements. Brussels.: EOTA, 
2006. 

34. Vahitova L.M., Lapushkin M.P. Novye materialy v stroi-
te l’s tve. Antimikrobnye LKM v Ukraine. Budіvnictvo 
Ukraїni. 2013, N 3: 8—11 [in Russian].

35. Directive 98/8/EC of the European Parliament and of the 
Council of 16 February 1998 concerning the placing of 
biocidal products on the market. [Електронний ресурс]: 
Official Journal of the European Communities.  Режим 
доступу: http//:www.reach-compliance.eu/greek/legis 
lation/docs/launchers/biocides/launch-1998-8-EC.html.

36. DSTU EN 1040:2004 Zasoby himichni dezynfikuval’ni i 
antyseptychni. Osnovna bekterycydna aktyvnist’. Metod 
vyprobuvannja ta vymogy (stadija 1) (EN 1040:1997, 
IDT). [Elektronnyj resurs]: Perelik chynnyh v Ukrai’ni 
DSTU ISO po dezinfekcii’ ta sterylizacii’.  Rezhym dos-
tu pu: http://pharmasvit.com/perelik-chinnix-v-ukra% 
D1%97ni-dstu-iso-po-dezinfekci%D1%97-ta-sterili za 
ci%D1%97-58441.html [in Ukrainian].

37. DSTU EN 1275:2004 Zasoby himichni dezynfikuval’ni i 
antyseptychni. Osnovna fungicydna aktyvnist’. Metod vyp-
robuvannja ta vymogy (stadija 1) (EN 1275:1997, IDT). 
[Elektronnyj resurs]: Document.UA. Rezhym dostupu // 
http://document.ua/zasobi-himichni-dezinfikuvalni-i-
antiseptichni.-osnovna-fung-std7170.html [in Ukrai nian].

38. Vahitova L.N., Kalafat K.V. Osnovy ognezashhity sta l’nyh 
konstrukcіj. Promislove budіvnictvo ta іnzhenernі sporudi. 
2015, N 2: 23—27 [in Russian]. 

39. Vahitova L.N., Kalafat K.V. Sistemy konstruktivnoj og-
ne zashhity stali. Promislove budіvnictvo ta іnzhenernі 
spo rudi. 2015, N 2: 28—32 [in Russian].

40. Kalafat K., Bilyk A., Beljaev N., Kovalevskaja Je. Raschet 
ognestojkosti stal’nyh konstrukcij i proektirovanie ogne za-
shhity v sootvetstvii s Evrokodom 3 i nacional’nymi prilo-
zhenijami Ukrainy. Kyiv: Ukrainskij centr stal’nogo stro-
itel’stva, 2014 [in Russian].

Л.М. Вахітова, К.В. Калафат, В.Л. Дріжд, Н.А. Таран

Інститут фізико-органічної хімії та вуглехімії 
НАН України ім. Л. М. Литвиненка, Київ

ХІМІЧНІ РІШЕННЯ ПРОБЛЕМ 
ВОГНЕЗАХИСТУ

Розглянуто сучасні підходи до створення вогнезахис-
них покриттів шляхом модифікації інтумесцентних сис-
тем наноматеріалами з вивченням механізму хімічних 

перетворень в умовах впливу високих температур. Про-
ведено систематичне дослідження взаємодій компонен-
тів інтумесцентної суміші поліфосфатного типу, знайде-
но чіткі кореляції між напрямками хімічних процесів та 
вогнезахисними властивостями інтумесцентного по-
криття. Запропоновано дієві способи одночасного підви-
щення вогнезахисної ефективності та експлуатаційних 
характеристик інтумесцентних покриттів у частині тер-
міну служби, стійкості до впливу факторів навколиш-
нього середовища та біоуражень.

Результати фундаментальних досліджень дозволили 
розробити нові рецептури вогнезахисних сумішей, влас-
тивості яких були підтверджені випробуваннями згідно 
з діючими стандартизованими методиками та впрова-
джені у виробництво.

Ключові  слова: інтумесцентна система, вогнезахис-
на ефективність, термін служби, наноматеріали, монтмо-
рилоніт, біоциди.
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ХИМИЧЕСКИЕ РЕШЕНИЯ ПРОБЛЕМ
ОГНЕЗАЩИТЫ

Рассмотрены современные подходы к созданию огне-
защитных покрытий путем модификации интумесцент-
ных систем наноматериалами с изучением механизма хи-
мических превращений в условиях воздействия высоких 
температур. Проведено систематическое исследование вза-
имодействий компонентов интумесцентной смеси поли-
фосфатного типа, найдены четкие корреляции между на-
правлениями химических процессов и огнезащитными 
свойствами интумесцентного покрытия. Предложены дей-
ственные способы одновременного повышения огнезащит-
ной эффективности и эксплуатационных характеристик 
интумесцентных покрытий в части срока службы, устой-
чивости к воздействию факторов окружающей среды и 
биопоражения. Результаты фундаментальных исследова-
ний позволили разработать новые рецептуры огнезащит-
ных составов, свойства которых были подтверждены ис-
пытаниями в соответствии с действующими стандартизи-
рованными методиками, и внедрить их в производство.

Ключевые слова: интумесцентная система, огнеза-
щитная эффективность, срок службы, наноматериалы, 
монтмориллонит, биоциды.
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