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CHEMICAL SOLUTIONS FOR FIRE PROTECTION PROBLEMS

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 TIPOCC
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-
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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;



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

+ 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 °C) with further measurement of volume in-
tumescence factor (K, cm?3/g), mass loss Am (%),
density of intumesced material p (g/cm?), and
adhesion of intumesced layer to substrate. These
studies enable predicting fireproof effectiveness
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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 (NH,, CO,, N, 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.
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The proposed scheme of transformations gives
a very simplified and formalized understanding
of transformations taking place in the system of
phosphoric acid donor/polyol /foaming agent with-
in the temperature range of basic chemical proc-
esses (100—400 °C). 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 °C using IR and NMR spec-
troscopy [8] has showed that a nucleophilic re-
placement reaction (2) occurs near the 5" coordi-
nating atom of phosphorus between phosphoric
acid (or its derivatives) and amine, in the system:

(1)

0 0
ll’—OH + NH,—{ " e
| 27N TR~ TPTNHC (2)

OH OH

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



Chemical Solutions for Fire Protection Problems

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

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 Ukra-
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, carbamide) re-
act with other system components in different di-
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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 MA derivatives. The inert fillers
(metallic oxides, fire-retardant agents, ceramic ma-
terials, wollastonites, etc.) do not improve radically
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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: a — intumescent composition with styrene acrylate
copolymer in organic solvent; b — emulsion intumescent
composite with ethylene vinyl acetate copolymer

Amine content, %

90

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,
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Fig. 3. Measurement of fire resistance of steel pier according

to DSTU B. V.1.1-14:2007 (coefficient of profile section

192 m™!) protected by Endoterm 170205 intumescent coat-

ing with nanocomposite additives: #-TiO, — titan nanoox-

ide, MMT-CTA — cetyl-trimethyl-ammonium montmoril-
lonite (from records of Donstroitest)

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.

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

Effectiveness of decontamination in 24 hours/30 days
Material
S. aureus E. coli C. albicans A. niger M. tuberculosis B
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 °C 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 product
has led to raising bioresistance of EVAFARB an-
timicrobial paint having a low flammability (Spets-
materialy RPC, Kyiv). MMT nanocomposite con-
taining nanosilver ions and polyhexamethylen-
guanidine cations imparts to EVAFARB a wide
range of biocide action: bactericide, virulicide,
fungicide, sporicide, and algicide effects and meets
the requirements of European Directive on bio-
cide products [35]. Some data on antimicrobial
properties of EVAFARB coating obtained at the
Gromashevskyi Institute for Epidemiology and
Infection Diseases of the AMS of Ukraine 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

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

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 (TK25 Fi-
re Safety and Fire Fighting Facilities, TK304 Pro-
tection of Buildings and Structures, and TK-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.
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XIMIYHI PITHEHHA [TPOBJIEM
BOTHE3AXUCTY

PosrasnyTto cyvacHi miaxoau 0 CTBOPEHHST BOTHE3aXMC-
HUX IMOKPUTTIB MIJITXOM MouDiKaIlii iHTyMeCIeHTHIX CHC-
TeM HaHOMaTepiaJaM¥W 3 BUBUYEHHSIM MeXaHi3My XiMiqHUX
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TepeTBOPeHb B YMOBAX BIVINBY BUCOKHUX TemiiepaTyp. [Ipo-
BE/ICHO CUCTEMaTUUHe JOCJ/IKEHHA B3aEMO/IINl KOMIIOHEH-
TiB iHTyMecCIIeHTHOI cymili osihocharHoro Tuiry, 3uaiije-
HO YiTKi KOpPeJIAIlii Misk HAIIPsIMKaMU XiMIYHUX TIPOIECIB Ta
BOTHE3AXUCHUMM BJIACTUBOCTSAMHU  IHTYMECHEHTHOTO 110-
KPUTTs. 3aIIPOIIOHOBAHO /Ii€Bi ClIOCOOM OIHOYACHOTO ITi IBU-
IIEHHS BOTHE3aXUCHOI e(DEKTUBHOCTI Ta EKCITyaTalliiiHuX
XapaKTepUCTUK IHTYMECIIeHTHUX MOKPUTTIB y YaCTHHI Tep-
MiHy caysKOH, CTIKOCTI 0 BIUIMBY (DaKTOPIB HABKOJMII-
HBOTO CEPEIOBUIIA Ta Oi0yPAKEHD.

Pesynbratn dynzamenTasbHuX JTOCTI/KEHD JI03BOJINIT
PO3POOUTH HOBI PENenTypr BOTHE3aXCHUX CyMilleil, Biac-
TUBOCTI IKMX OyJIU THATBEPKEHI BUNIPOOYBaHHIMU 3TiAHO
3 JIIIOYUMH CTaH/APTU30BAaHUMHU METOJAMKAMU Ta BIIPOBa-
JKeHI Y BUPOOHUIITBO.

Knrouoesi caiosa: iHTYyMECIIEHTHA CUCTEMA, BOTHE3aXUC-
Ha epEeKTUBHICTD, TEPMIH CaIysKOU, HAaHOMATEPiasi, MOHTMO-
PUJIOHIT, GioTI/In.

JI.H. Baxumoea, K.B. Karagam, B.JI. /[puxco, H.A. Tapan

WHeTuTyT (GU3UKO-OPraHnyeCcKOi XUMUN 1 YIJIeXUMUT
HAH Yxpaunet um. JI.M. JlurBunenko, Kues

XVUMUNWYECKUE PEHIEHVA ITPOBJIEM
OTHE3ANINTDbI

Paccmorpenbl coBpeMentibie MoX0/bl K CO3/IAHUIO OTHe-
3ANUTHBIX TTOKPBITUN MTyTeM MOIUMDUKAIIIN WHTYMECIIEHT-
HBIX CHCTeM HaHOMaTepruaJaMy ¢ N3yJ9eHrneM MeXaH3Ma X1-
MHUUYECKHX TIPEBPAIEHUI B YCJIOBUSX BO3JEHCTBUS BBICOKMX
TemiiepaTyp. IIpoBesieHo cucTemarnyeckoe UCcIe0BaHNe B3a-
UMOJICCTBUI KOMIIOHEHTOB MHTYMECIIEHTHOI CMECH T10JIH-
docdarnoro THra, HalljleHbl YeTKUE KOPPEJISIIIUT MEK/TY Ha-
MIPABIEHUSIMA XUMHUUYECKUX TIPOIECCOB M OTHE3AIMNTHBIMU
CBOHMCTBAMI MHTYMECIIEHTHOTO TTOKPBITH. [Ipemoskensr mefi-
CTBEHHBIE CITOCOOBIOZIHOBPEMEHHOTO TIOBBITEHI OTHE3ATIHT-
HOI 9((HEKTUBHOCTH M AKCIIYaTAIIMOHHBIX XapaKTePUCTUK
MHTYMECIEHTHBIX TIOKPBITHI B YaCTH CPOKa CIIYsKOBI, yCTOM-
YUBOCTH K BO3/IEHCTBUIO (haKTOPOB OKPYIKAIOIIEN CPe/ibl U
6uomnopaskennst. Pe3ynsraTsl (hyHIaMeHTaTbHBIX NCCTEI0Ba-
HUH 103BOJIAIIN Pa3paboTaTh HOBbIE PELENTYPbI OTHE3ANIUT-
HBIX COCTABOB, CBOMCTBA KOTOPBIX OBLIN TTOATBEP/KACHDI HC-
IIBITAHUSMU B COOTBETCTBUH C JIEHCTBYIOIUME CTAaHAPTU3H-
POBAaHHBIMU METOJIMKAMHU, U BHEJ[PUTD UX B TIPOU3BO/ICTBO.

Knwouesvie cnosa: WHTyMeCIleHTHAsI CHCTEMa, OrHe3a-
muTHast 3hHEKTUBHOCTD, CPOK CIYKOBI, HAHOMATEPUAIIDI,
MOHTMOPHJIJIOHUT, OMOIIMJIBL.
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