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Abstract. Today, there are two methods of fire
protection for wood. The first is impregnation with
flame retardants, most often based on inorganic
salts. When wood is moistened, fire retardants dis-
solve in a humid environment and gradually wash £y
out to the surface, and then the fire retardant effect
decreases over time. Acid-based products do not
have a significant leaching problem due to changes
in wood moisture, but penetrating deep into the
wood structure and interacting with the cellulose,
they reduce strength parameters. Therefore, it is
not safe to use this product for critical load-bearing
structures. The second method is to apply an or-
ganic or inorganic binder coating to the wood sur-
face. Organic binder-based products have in-
creased smoke generation and toxic substances, so
their use is dangerous. Therefore, coatings capable
of forming a heat-insulating layer on the surface of
a building structure, which significantly reduces
the processes of heat transfer to the material, have
recently become widespread. As a result of the
studies, it was found that the introduction of alu-
minium hydroxide into the composition of the or-
gano-mineral coating in the amount of 2...8% re-
duces the swelling coefficient from 30 to 18 to a
certain extent. However, fora coating containing
4%, an increase in the efficiency of fire protection
of wood was found, namely a decrease in the loss
of sample mass and flue gas temperature due to the
formation of heat-resistant compounds on the sur-
face of the fire protection layer when aluminium
hydroxide interacts with ammonium polyphos-
phate. The use of aluminium hydroxide in the fire-
proofing composition provides the required level

()
=

&N

Transfer of Innovative Technologies
Vol.7, No.1 (2024)

Yuriy Tsapko
Doctor of Technical Sciences,
Professor

Aleksey Tsapko
PhD of Technical Sciences,
Associate professor

Olga Bondarenko
PhD of Technical Sciences,
Associate professor

Natalya Lialina
Doctor of Technical Sciences,
Professor

Dmitry Anopko
PhD of Technical Sciences,
Associate professor

Alina Yushchenko
Student

20


mailto:juriyts@ukr.net
https://orcid.org/0000-0003-0625-0783
mailto:bondolya3@gmail.com
https://orcid.org/0000-0003-0625-0783
mailto:anopko1973@gmail.com
http://orcid.org/0000-0002-7174-132X
https://doi.org/

Information Technology

of protection of wood from thermal effects at the
required amount of 4%, which leads to a reduction
in cost and an increase in the efficiency ofthe coat-
ing. In further studies, it is planned to investigate
other types of fillers, their properties and impact on
the fire protection efficiency of wood in fireproof
organic-mineral coatings.

Keywords: wood, fire protection, organo-
mineral coatings, aluminum hydroxide, fire retard-
ant properties, efficiency.

INTRODUCTION

Wood as a building material is increasingly
being used in construction and architecture
because of its significant positive performance
properties. However, due to its high
flammability, it is a fire hazardous material,
which limits the scope of its application,
especially in multi-storey wooden
construction. It is possible to increase the
degree of safe operation of facilities where
wood materials and products are used by
means of its fire protection treatment. The
essence of wood protection is to provide it
with the ability to resist the effects of flame,
flame spread over the surface, to counteract
thermal oxidation degradation and inhibit the
ignition process.

Therefore, the study of the effectiveness of
fire protection of wood with organic-mineral
coatings with the addition of aluminum
hydroxide and the establishment of its optimal
concentration is an unresolved component of
fire resistance and, accordingly, determines the
need for such studies.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The construction of both civil and industrial
facilities involves the use of wood, which is
very sensitive to high temperatures and is able
to retain its properties during operation.

With this in mind, regulatory documents
were adopted that require the design of wood
structures to take into account their resistance
to combustion and to carry out fire protection
treatment of structures with special means.
The essence of wood protection is interpreted
as inhibition of thermal decomposition of
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components, reduction of the reaction rate
constant and activation energy, isolation from
flame and oxygen access [1 — 3].

Today, the most common method of fire
protection of wood is impregnation with flame
retardant compositions, which contain salts
based on inorganic acids [4 — 6]. When
moisture gets on the wood, these salts dissolve
and gradually migrate to the surface, which
reduces the fire protection effect [7 — 8]. Acid-
based agents do not have a significant leaching
problem due to changes in wood moisture, but
penetrating deep into the wood structure and
interacting with the cellulose, they reduce
strength parameters. Therefore, it is not safe to
use this product for critical load-bearing
structures. The second method is to apply a
fire retardant coating to the surface. Some
products are characterized by the release of
toxic combustion products during thermal
exposure and have increased smoke
generation, and therefore are of limited use [9
—11].

In this regard, coatings that form a heat-
insulating foam layer on the surface of wood
under thermal action, which reduces heat
transfer processes, have become widespread.

The paper [12] shows that a chemical
substance such as polydimethylsiloxane
modified with a silica geopolymer creates a
new hybrid coating on the surface of wood that
can inhibit combustion. The effect of
polydimethylsiloxane viscosity of 350 cps
(cone viscometer) on fire resistance was also
investigated. In turn, the inclusion of
polydimethylsiloxane leads to a decrease in
weight loss during combustion to 52.51%, as
well as a decrease in the average burning
speed to 0.0674 m/s and significant smoke
suppression. The excessive viscosity of
polydimethylsiloxane manifests itself in a
decrease in the fire resistance of a
hypopolymer coating based on silica.

To increase the fire resistance of wood, the
paper [13] proposes the use of thermally
expanded graphite and carbon nanotubes. The
effect of these materials on the fire protection
and smoke suppression of this coating was
investigated by experimental fire resistance
tests, as well as thermogravimetry on a
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differential scanning calorimeter, smoke test,
and water resistance tests. The results of the
fire protection tests showed that the fire
resistance of the coatings was increased by
adding 1% of carbon materials. In turn, the
analysis of thermogravimetric tests showed
that carbon materials increase the residual
weight and heat resistance of the coating. After
immersing the coating samples in water for
360 hours, carbon materials can form a barrier
to increase the water resistance of
wood.Graphite, which showed the best results,
is particularly water resistant.However, it is
not specified what the binder was.

The article [14] proposes an interfacial
coating strategy to inhibit combustion rather
than increase the amount of flame retardants.
The aqueous composition of polyelectrolyte
complexes consists of polyethyleneimine and
ammonium  polyphosphate. The formed
coating on this basis has high fire resistance
and demonstrates a high oxygen index of 43%
and a 47% reduction in the rate of heat release
for cone calorimetry tests. In addition, the
polyethyleneimine and ammonium
polyphosphate coating increased  the
interaction between the carbon fibers and the
matrix and improved the glass transition
temperature ~ of the  composite  and,
consequently, the mechanical properties.
Therefore, these studies represent a strategy
for the development of fiber-reinforced
composites with high fire protection and
mechanical properties. However, there are still
some unresolved issues related to the
mechanism of foam coke formation. The
reason for this is the subtleties of the formation
of the thermal insulation layer, which makes
such research quite difficult.

Therefore, modern methods of fire
protection of wooden building structures are
based on the use of coatings that form a layer
of foam coke, which are complex systems of
both organic and inorganic components, but
are capable of gradual burnout under
prolonged exposure to flame and, accordingly,
a decrease in fire resistance of the structure,
requiring an increase in substances capable of
forming a stable heat-insulating layer of foam
coke.
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Thus, it has been established that fireproof
coatings are capable of forming a protective
thermal insulation layer on the surface of
wood against the effects of fire during its
operation, but the parameters that ensure the
effectiveness of fireproof coatings to the
effects of fire flames have not been
determined. Therefore, the study of the
parameters of fire protection of wood and the
effect of coatings on fire protection
necessitated research in this area.

THE PURPOSE OF THIS WORK

The purpose of this work is to study the
effectiveness of fire protection of wood with an
organic-mineral coating when aluminum
hydroxide is added and to determine its optimal
concentration.

MATERIALSAND METHODS OF
RESEARCH

A mixture based on an organic binder, gas-
forming agents, pyrophores, and minerals was
used to develop an effective fireproofing coating
for wood. Studies were conducted according to
[15— 16] to determine the flammability group of
wood treated with the proposed coating.

The essence of the test method for the
experimental determination of the group of
flammable and combustible solids and materials
according to [15 — 16] is to expose the sample,
placed in the ceramic pipe ofthe OTM device, to
a burner flame with a temperature of gaseous
combustion products 0of 200 °C £ 5 °C for 300 s.
During the tests, the increase in the combustion
temperature is recorded (At) and the mass loss of
the sample is determined (Am). According to the
test results, the materials are classified as:

— flammable — At <60 °C and Am < 60%;

— combustibles — At > 60 °C or Am > 60%.

Combustible materials, in turn, are divided
depending on the time (t) for reaching the
maximum temperature of volatile combustion
products into:

— highly flammable — t > 240 s;

— medium flammability — 30 s <1 <240 s;

— flammable — t < 30's.
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RESEARCH RESULTS

The results of research on the determination
of the increase in the maximum temperature of
gaseous combustion products (At, °C) and the
loss of mass of samples (Am, %) of both
untreated and fire-protected wood are
presented in Fig. 1, 2.

7.8
7,3
6,8
6 I I l
1 2 3 4
Figure 1. The results of studies on the weight
loss of wood samples after fire tests Am, % with

the amount of aluminum hydroxide in the
coating: 1 -0%;2-2%:;3-4%;4—-8%

For studies of the wood flammability group,
samples of pine wood measuring 150x60x30
mm were prepared. The samples were
conditioned at a temperature of 2042 °C. The
surface of the wood samples was coated in two
layers with intermediate drying after 3 hours.

Studies have shown that when the coating is
applied (with a consumption of 260+5 g/m?)
with the addition of aluminum hydroxide in
the amount of 2% and 8%, the fireproofed
wood is classified as a medium flammable
material. This amount of coating does not
provide the required fire protection and
requires an increase in the coating layer. At the
initial temperature of the gaseous combustion
products at the furnace outlet T = 200 °C,
when the burner flame was exposed to the
fireproof sample No. 1 and 3, the temperature
of the gaseous combustion products was T <
260 °C, which ensured the flame retardant
properties.  Taking into  account the
heterogeneity of the material (wood), it is
proposed to study the mechanism of the
coating to establish the feasibility of using
mineral additives.
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Figure 2. Dynamics of flue gas temperature
rise during testing of fire-resistant wood with
the amount of aluminum hydroxide in the
coating: 1 -0%;2—-2%;:;3-4%;4—-8%

To determine the effectiveness of aluminum
hydroxide for coatings, the swelling
coefficient of the coating samples was tested
according to the method [17 — 18]. The results
of the data obtained are shown in Table 1.

Table 1. Coating swelling coefficient after

testing

Coating Coating | Fumace | Swelling
sample thickness,| temperature, coefﬁmgnt,

mm °C after testing
Base 0,2 500 30,1
Base
2% 0,2 500 29.0
Al(OH);
Base +
% 0,2 500 20,4
Al(OH);
Base +
8% 0,2 500 18,0
Al(OH)3

As can be seen from Table 1, the most
efficiently swelling base coating is the one
consisting of ammonium polyphosphate,
melamine, pentaerythritol and a binder based
on polyvinyl acetate dispersion. The addition
of aluminum hydroxide reduces the coefficient
of swelling to a certain extent, but forms
refractory compounds on the surface of the
coating that do not burn out and form a heat-
resistant layer.

Indicators of the main properties of the
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coating samples are shown in Fig. 3.
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Figure 3. Indicators of the main properties of
coating samples with the amount of aluminum

hydroxide in the coating: 1 —0%; 2 —2%; 3 —
4% ;4 - 8%

As a result of the experimental studies, it
was found that the introduction of aluminum
hydroxide into the coating in the amount of
2...8% reduces the swelling coefficient from
30 to 18 to a certain extent, but for a coating
containing 4%, an increase in the efficiency of
fire protection of wood was found, namely, a
decrease in the loss of sample mass and flue
gas temperature due to the formation of heat-
resistant compounds on the surface of the
fireproof layer when aluminum hydroxide
interacts with ammonium polyphosphate (Fig.
3).

CONCLUSIONS

Thus, the use of aluminum hydroxide in the
fireproofing composition provides the required
level of protection of wood from thermal
effects at the required amount of 4 %, which
leads to a reduction in the cost and increase in
the efficiency of the coating.

Further research will be aimed at studying
other types of fillers, their properties, and their
impact on the fire protection efficiency of
wood in fireproof organic-mineral coatings.
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EdexmuBHicTh BOrHE3aXHCTY IePeBUHY OPraHo-

MiHepaJIbHUM NOKPUTTSM 3 10/1aBAHHAM IiIPOK-

CHY AJTIOMiHisA

FOpin [JAIIKO, Onexciti [{AIIKO, Omvea
BOHIAPEHKO, Hamana JIAJIIHA, /{mumpo
AHOIIKO, Anina IOIJEHKO

AmnoTauis. Cporo/THI iCHY€ J1Ba CTIOCOOU BOTHE3AXVI-
cry nepesvrd. [lepmmii — MpOCOYCHHS aHTHITIPEHAMH,
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HalfyacTillle Ha OCHOBI HeopraHHuX coneil. [Ipu 3B0-
JIOXKCHHI JISPEBUHH aHTHITIPSHH PO3YMHSIIOTECS Y BOJIO-
TOMY CEPEIIOBHILII 1 TOCTYTIOBO BUMHBAFOTHCS Ha TIOBEP-
XHIO, TICJISI YOTO BOTHE3AXVICHHH €(PEeKT 3 4acoM 3MCH-
HIyeThCsl. 3ac00M HAa OCHOBI KUCJIOT HE MAKOTh 3HAYHOI
npoOJIeMH BUMHUBAHHS Yepe3 3MiHy BOJIOTOCTI JIEPEBH-
HY, aJie, IPOHUKAIOYM TITMOOKO B CTPYKTYPY JICPEBUHH 1
B32EMOJIIFOYH 3 TICITHI03010, BOHU 3HWKYIOTh TIOKA3HHU-
Ki MILHOCTI. TOMY BUKOPHCTOBYBATH Liei IPOIYKT 1St
KPUTUYHO BaXIMBHUX HECY4YHMX KOHCTDPYKIIN HeOe3med-
Ho. Jlpyruii criocid mosisirae B HAaHSCSHHI Ha TIOBEPXHIO
JICPEBUHH TIOKPUTTSI HA OCHOBI OPTaHIiYHUX 200 Heopra-
HIYHHMX CIOJTyYHHUX PEYOBHH. 3aCO0M HA OCHOBI OpraHi-
YHHX CTIOJTYYHHX MAFOTh MIIBHIIIEHE MOy TBOPEHHS T
TOKCHYHI PEYOBHUHH, TOMY iX BUKOPHCTAaHHSA € HeOe3me-
yarM. TOMy OCTaHHIM 9acOM IIHMPOKOTO PO3IOBCIO-
JDKCHHST HAOYJIM TIOKPHTTSL, 31aTHI YTBOPIOBATH Ha TI0-
BEpXHI Oy/iBEeNBHOI KOHCTPYKI TEruIoiB30MSIIHHAN
11ap, SIKMii 3HaYHO 3MEHIITy€ MPOLIECH Iepeiadi Teria Jio
Matepiairy. B pesynbrari mpoBeieHIX TOCiHKeHb BCTa-
HOBIICHO, 10 BBCACHHSI JI0 CKIamy OpraHo-
MIHEpaITBHOTO TIOKPUTTS TIIPOKCHIY ATIOMIHIFO B KUTb-
KocTi 2...8% TIGBHOIO MIPOFO 3HIDKYE KOSDIITiEHT Ha0Y-
xannst 3 30 no 18. OaHak, 4y OKPUTTS, 10 MICTUTh
4%, BUSBIICHO MIBUILEHHS €(DEeKTHBHOCTI BOTHE3AXHC-
Ty JICPEBUHH, a CaMe 3MEHILIEHHS! BTPAaTH MacH 3pa3ka Ta
TEMIIEpaTypH [MMOBHX Ta3iB 33 PaxyHOK YTBOPEHHS
TEPMOCTIMKIX CIOJlyK Ha TIOBEPXHI BOTHE3AXHCHOTO
apy TpY B3aEMOJTI TIIPOKCHITY AJTFOMIHIIO 3 ToJtihoc-
(harom amOHir0. BUKOpHCTaHHSI TIPOKCHITY AJTFOMIHIIO Y
CKIaJTi BOTHE3aXHMCHOT KOMITO3HITIi 3a0e3mewye HeoOXim-
HU PIBeHb 3aXUCTY JIGPEBUHU Bill TEPMIYHHX BIUTUBIB
Ha piBHI 4%, 1110 IPH3BONTH J0 3HIDKEHHS COOIBapTOCTI
Ta TIBUIICHHS e(DEKTHBHOCTI MOKPHTTSL. Y TIOJATBIIHX
JIOCITPKCHHSX TUTAHYETHCS BUBUMTH IHIII BEJI HATIOB-
HIOBAUiB, iX BIACTHMBOCTI Ta BIUIMB HA BOTHE3AXHCHY
e()eKTHBHICTh JIEPEBUHM Y BOTHE3aXWCHUX OpraHo-
MiHEpaTbHIX MTOKPUTTSIX.

Kumio4oBi cii0Ba: nepeBrHa, BOTHE3aAXUCT, OP-
TaHO-MiHEPAITBbHI TOKPUTTSL, T1LAPOKCHUT ATIOMIHIFO,
BOTHE3aXMCHI BIIACTUBOCTI, €(PEKTUBHICTB.
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