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1. Introduction

The operational safety of storage facilities is closely 
related to the use of a wide variety of finishing and pack-
aging articles made of wood, paper, and textile materials. 
This is due to the fact that these materials are sensitive to 
the effects of high temperature, so it is possible to increase 
the level of fire safety of facilities through their fireproof 
treatment.

To properly protect the above materials from the igni-
tion, mixtures of inorganic salts are used; however, fireproof 
treatment is not suitable for them since the formation of ef-
florescence is observed on the surface, likely to detach later. 
Over time, the material loses its protective properties, which 
leads to the ignition of combustible articles exposed to fire. 
The use of screens made of fireproof fabric makes it possible 
to slow down the warming up of the material due to the for-
mation of an insulating layer of coked cellular material when 
the coating swells at high temperatures.

Thus, the peculiarity of fire protection of natural combus-
tible materials, for example, wood, is to create, at the surface 
of the structural elements made of timber, protective screens 
that withstand high temperatures and the direct effect of fire. 
In addition, the presence of such screens makes it possible 
to slow down the heating of the material and preserve its 
functions in the case of fire over a predefined period, thereby 
making timber, for example, a non-combustible material.

Therefore, it is a relevant task to conduct a study aimed 
at reducing the level of fire danger of wood by using protec-
tive screens made of fire-proof fabric, which wraps timber, 
the formation of a layer of coked cellular material during the 
thermal decomposition of the swelling coating.

2. Literature review and problem statement

Paper [1] argues that fireproof coatings on an inorganic 
base improve the fire resistance of textile materials in the 
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Under the thermal action on wood when applying 
a protective screen made from fire-retardant fabric, 
the process of temperature transfer is natural. It 
has been proven that depending on the thermal 
properties of the coating of fire-proof fabric, this 
could lead to varying degrees of heat transfer. 
Therefore, it becomes necessary to study the 
conditions for establishing low thermal conductivity 
and establishing a mechanism that inhibits heat 
transfer to wood. Given this, a mathematical model 
has been built of the process of heat transfer to 
wood when it is protected by a screen made of fire-
proof fabric. According to the experimental data 
on determining the temperature on the non-heated 
surface of the fabric and the resulting dependences, 
the density of the heat flow transmitted to wood 
through fire-proof fabric was determined. Thus, 
with an increase in the temperature, the density of 
the heat flow to the surface of the wood through 
a protective screen made of fire-proof protected 
coating based on "Firewall-Attic" increases to a 
value above 16 kW/m2, which is not sufficient for 
ignition of wood. Instead, the density of the heat flow 
through the protective screen of fire-proof fabric 
protected by the "Firewall-Wood"-based coating did 
not exceed 14 kW/m2. This makes it possible to argue 
about the compliance of the detected mechanism 
of formation of heat-insulating properties in the 
protection of wood and the practical attractiveness 
of the proposed technological solutions. Thus, the 
peculiarities of inhibition of the process of heat 
transfer to wood through a protective screen made 
of fire-proof fabric under the action of a radiation 
panel imply the formation of a heat-insulating layer 
of coked cellular material when decomposing the 
coating. Thus, on the surface of the fire-proof fabric, 
a temperature above 280 °C was achieved and, on 
an untreated surface of the fabric, it did not exceed 
220 °C, which is insufficient for the ignition of wood
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combustible testing, untreated fabric completely burns out 
in 60 s during ignition. Electron scanning microscopy and 
energy dispersion microanalysis revealed that pure cotton 
fabric contains 68.77 % of carbon and 31.22 % of oxygen. 
After modification, the particles of sodium, 0.02 %, phospho-
rus, 0.04 %, and potassium, 0.05 %, are formed on the surface 
of the treated fabric. It has been shown that in cellulose 
materials modified with compositions based on sodium silica 
and urea, sodium hydro phosphate, fire-protective properties 
improve. However, with an increase in the concentration of 
flame retardant and the heat treatment temperature, the 
breaking load of the fabric decreases.

Several boron-nitrogen polymers are reported in [7] to 
ensure the fire-resistant treatment of cotton fabrics. The 
organic combination of boron, phenylboronic acid was suc-
cessfully associated with branched polyethyleneimine and 
was confirmed by the analysis. Thermogravimetric analysis 
showed that the polymer in the mole ratio of 1:1 of ethylene 
and a flame retardant demonstrates optimal thermal oxida-
tion stability, easily applied to cotton fabrics by immersion 
with high absorption in the acetone medium. Fabric with 
the addition of 33.8 wt % has a self-extinguishing capability. 
Analysis of the morphology of calcinating the treated fabrics 
revealed their fire resistance due to the fire-protective mech-
anism of swelling flame retardants. However, operations on 
fire protection of fabrics require special equipment for the 
treatment of fabric.

Paper [8] describes the use of the sol-gel method. If one 
takes tetraethyl orthosilicate and ethanol as a solvent and 
hydrochloric acid, catalyst, methacryloxypropyltrimethox-
ysilane as a binder for SiO2 preparations, then one obtains 
a phosphorus flame retardant and sol to improve the fire re-
sistance of cotton fabrics. The fabric was treated by immer-
sion-baking. The morphology of the surface and the distribu-
tion of elements, the internal crystalline structure, pyrolysis, 
and the fire resistance of cotton fabrics were characterized 
by scanning electron microscopy, Fourier-transform infra-
red spectroscopy, X-ray photoelectron spectroscopy. The 
results show that the treated fabrics have a good synergistic 
fire protection effect. Cotton fabric treated with hybrid sol 
demonstrates the best fire-protection effect; its oxygen index 
is 22.8 %. Hybrid sol containing phosphorus flame retardant 
can contribute to the formation of three-dimensional micro-
scopic gel coating and residual coal in the condensed phase. 
However, it should be noted that the cited work does not 
describe the physicochemical conditions for the formation of 
the coating. This means that it was not determined how the 
process of creating a coating on the fabric proceeds.

Materials containing cellulose are dangerous for fire and, 
in case of fire, increase the fire load [9]. The influence of the 
type of a flame retardant based on alumochromophosphates, 
as well as the duration of impregnation on the reduction of 
combustibleness, and the temperature of impregnated textile 
materials during their combustion was investigated. A de-
crease in the proportion of destroyed fabric of less than 20 % 
was established. However, there is a need to fix the flame 
retardant in the material.

Paper [10] reports melamine-based resins, which are 
widely used in fabrics to increase their fire and heat resis-
tance. Modeled experiments that involved the washing of 
fire-proof fabrics suggest that in one round of washing with 
water, 76‒90 % of melamine was removed from clothing. At 
the same time, the authors did not specify by how much the 
combustion of the composition of fabric and resin is reduced.

production of structures. In this regard, a composite was 
proposed, which is strengthened with cement-based fabric 
prepared by filling the porous surface of a three-dimensional 
fabric, but it is characterized by rigidity. However, there is 
a need to improve the compression strength of fire-resistant 
textile products, as well as their bending strength, wear re-
sistance, anti-penetration efficiency.

One of the new materials is hybrid textiles modified by 
carbon nanotubes. In [2], textiles were modified by intro-
ducing dimethyl phosphate and perfluorohexyl iodine ap-
plied to cotton for fireproof, water-repellent resistance, and 
resistance to ultraviolet light. The properties of combustion 
of textiles were estimated by using a micro-scale combustion 
calorimeter, a heat matching test, and thermogravimetric 
analysis. The hydrophilic surface and the hydrophobicity 
of the fabric surface were characterized by a static angle of 
contact, and the resistance of the fabric to UV radiation was 
represented by the value of the Ultraviolet Protection Fac-
tor. According to miniature combustion heat meters, both 
the value of the maximum heat transfer rate and the total 
heat generation was about 65 % lower than that of unpro-
cessed cotton fabric. The modified fabric has fireproofed, ul-
traviolet-resistant properties. However, to confirm the effec-
tiveness, the relevant physicochemical data on the washing 
out of flame retardants during operation are not provided.

The data from [3] emphasize the modification of graphene 
oxide by introducing dimethyl phosphate and perfluorohexyl 
iodine. The dimethyl-phosphate hydrophobic agent was im-
proved compared to untreated cotton but was no better than 
the fabric treated with perfluorohexyl chain grafted with 
these flame retardants. The modified fabric has fireproofed, 
UV resistant and hydrophobic properties. However, it was 
not defined which classes of operation those substances 
belong to.

Work [4] shows protection against ultraviolet radiation 
and the hydrophobic protection of fabric by modifying 
cotton fabric with graphene oxide and silane binding agent 
through immersion-laying-drying. As a result, the cotton 
fabric was successfully modified with graphene oxide and 
silane agent and, compared to untreated fabric, the surface 
of the fabric was smooth and there were no gaps on the fiber. 
Excellent protective properties from ultraviolet, as well as 
hydrophobic properties, were obtained. After treating by 
a silane binding agent, the hydrophilic fabric treated with 
graphene oxide becomes hydrophobic, and graphene oxide 
is bound to cotton. However, the issues related to the pro-
tection mechanism remain unresolved. The reason for this 
may be the subtleties regarding the formation of a protective 
layer, which, accordingly, makes such studies complicated.

Nanocomposites, formed from cation starch and clay, 
gave fire-protective properties to pure cotton fabric by 
layer-by-layer application [5]. In this case, starch and clay 
multilayer thin films were used to increase the thermal sta-
bility of fabric and improve fireproof properties by forming a 
layer of ceramic coal and a heat-resistant carbon structure at 
high temperatures. Cone calorimetry revealed a lower value 
of the thermal irradiation of fabric covered in two layers 
with a flame retardant. Samples of cotton with a two-layer 
flame-retardant coating showed reduced combustion time 
during tests. However, the impact of environmental changes 
on the coating, its destruction in time, were not considered.

Study [6] aims to discuss the use of a new composition 
based on sodium silica, urea, and sodium phosphate to pro-
vide fire-protective properties to cellulose textiles. During 
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The influence of SiO2 sol homogeneity on the duration of 
the induction period and the quality of fire-protected coatings 
for fabrics was investigated in [11]. Prospects for the use of 
IR spectroscopy as an express method for studying the phase 
composition of the gel coating, the degree of completion of the 
hydrolysis of the organosilicon component have been shown 
by a system of the flame retardant based on SiO2. However, 
the issues related to the mechanism of formation of fire protec-
tion coating remain unresolved. The reason for this may be the 
subtleties regarding the formation of a protective layer, which, 
accordingly, makes such studies complicated.

Thus, it was established that flame-retardant coatings 
can protect the surface of textile material from the effects of 
a fire during operation but no parameters for the heat trans-
fer through the thickness of the fabric were defined.

In addition, the parameters that ensure resistance to 
the loss of fire-resistant properties were not determined; 
neglecting the use of organic substances to form a swelling 
layer of coked cellular material leads to inefficient use of fire 
protection means. Therefore, the use of screens that protect 
wood, made of fire-retardant fabric, as well as the study of 
heat transfer through the screen under thermal action, ne-
cessitated research in this area.

3. The study materials and methods

The purpose of this work is to identify patterns of for-
mation of a heat-resistant screen when the fireproof fabric is 
exposed to high temperatures. This could make it possible 
to substantiate the use of use of fire-retardant fabric at the 
storage facilities of combustible wooden articles.

To accomplish the aim, the following tasks have been set:
– to model the process of thermal conductivity of the 

protective screen of fire-proof fabric when timber is exposed 
to thermal effect;  

– to establish features in reducing the thermal conduc-
tivity of the protective screen made of fabric protected by a 
swelling coating under high-temperature exposure.

4. The study materials and methods

4. 1. The examined materials used in the experiment
To establish the fireproof effectiveness of the protective 

screen made of fireproof fabric, we used samples of sailcloth 
the size of 300×120 mm.

The samples were treated with the modified impregna-
tion solution “Firewall-Attic”, based on a mixture of organic 
and inorganic substances, for fire protection of wood, man-
ufactured in Ukraine. This composition (a mixture of urea 
28...30 % and phosphoric acids 23...24 %) was modified by 
starch in the amount of 20 %; we also used the swelling coat-
ing “Firewall-Wood”, made in Ukraine (Fig. 1).

a                                                  b	
	

Fig.	1.	Model	samples	of	fabric	for	testing,	protected	by	
coatings:	a	–	based	on	“Firewall-Attic”;		

b	–	based	on	“Firewall-Wood”

The resulting mass was mixed and applied onto a fabric 
sample in the amount of 137.0... 140.0 g/m2 [12]. In this case, 
the fireproof coating penetrated the structure of the fabric 
and formed an elastic film at the surface, about 20 μm thick.

4. 2. Procedure for determining the indicators of heat 
transfer by a protective screen made of fire-proof fabric 
to timber

We determined the protective efficiency of coating for 
fabric according to the devised procedure whose essence was 
to experimentally define the temperature on the surface of a 
timber sample. Namely, the influence of the radiation panel 
with the set parameters such as fire-retardant fabric and 
recording the temperature on the non-heated surface of the 
fabric during the test.

To derive the thermal conductivity values of the coating 
for fabric, special equipment was designed and manufac-
tured; we used the flame of a radiation panel [13], which 
simulates a high-temperature ignition source (Fig. 2).

A fabric sample, protected by the coating, was placed 
in the specimen holder. The sample was fixed so that 
the end of the thermocouple was pressed against the 
non-heated surface of the fabric sample. The sample was 
placed in a test chamber and kept in the flame of the ra-
diation panel for 600 s. We controlled the temperature at 
the fabric surface.

Based on the measured values of the temperature, we 
registered the changes and the amount of heat flow transmit-
ted to the fabric during the action of the radiation panel [14]. 

The research on modeling the process of thermal conduc-
tivity of fire-proof fabric under thermal action was carried 
out using the main provisions from mathematical physics [15].

5. Results of studying the process of thermal conductivity 
of fire-proof fabric when protecting timber

5. 1. Modeling the process of thermal conductivity of 
fire-proof fabric when protecting timber

As a result of treating the fabric with protective coat-
ings under the action of the heat flow, the direction of heat 
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Fig.	2.	Device	for	testing	the	thermal	conductivity	of	the	fire-
proof	fabric
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transfer changes since the thermal insulation layer is largely 
capable of absorbing heat. Given this, the question arises 
regarding the study of heat flow at the “coating – fabric” 
interface under the action of heat.

In order to establish the effect of the heat flow to the fire-
proof fabric, a method was proposed for solving the thermal 
conductivity problem for a two-component wall with various 
thermal properties (Fig. 3). At the initial moment, the outer 
surface of the coating is instantly heated to the temperature 
Тmax, which is maintained constant throughout the entire 
heating process. Temperature distribution passes through 
the coating until the critical temperature of the fabric at 
the “coating timber wall” interface Тs is reached [16]. And 
considering the insignificant thickness, this temperature is 
inherent in the entire thickness of the fabric.

Fig.	3.	Schematic	heat	transfer	process:	1	–	coating;		
2	–	fabric

The differential equations of heat transfer at the 
boundary of two plates “coating – fabric” take the follow-
ing form [17]:
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where T is the temperature, °С; 
x – coordinate, m;

;aφ =
а1, а2 are the temperature coefficients of the coating and 

fabric, m2×s-1; 
λ1, λ2 are the coefficients of thermal conductivity of the 

coating and fabric, W×m-1×°С-1. 
It is required to find the temperature value at the “coat-

ing – fabric” interface, Тs, and, accordingly, the value of the 
heat flow between these regions:
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Given that for the left-hand part of the model (Fig. 3), at 
x<0, the initial condition is not zero, a substitution can be made:

*
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where Т0 is the maximum temperature at the “coating – fab-
ric” interface. 

After that, the problem of determining the temperature 
T* is written in the following form:
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For the region x<0, taking into consideration the La-
place transformation, a relation between the tempera-
ture and heat flow can be established in the following  
form [18]:
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From equations (11) and (12), subject to the equality of 
flows (4), we obtain:
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Taking into consideration the Laplace transformation 
at the wall boundary, we obtain the following temperature 
value:
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Then, according to (6), the heat flow at the boundary, at 
the maximum temperature, is determined from the following 
equation:
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The density of heat flow dependent on temperature expo-
sure can be expressed by the following equation [17]:
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where s2 is the area of thermal influence, m2. 
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Thus, we have built the dependences that make it pos-
sible to derive a value of the heat flow at the non-heated 
surface of the fabric protected with a swelling coating. These 
dependences provide an opportunity to directly calculate 
the value of the heat flow depending on the effect of high 
temperature.

5. 2. Results of determining the thermal conductivity 
of a fire-proof fabric sample under the action of radiation 
panel flame

To establish the thermal conductivity of the coating pro-
tected by fabric, the study was carried out on the transmission 
of heat under the action of the flame of the radiation panel to 
timber. The results of the study on heat transmission, per-
formed under laboratory conditions, are shown in Fig. 4–6.

Our study has shown that under the influence of the flame 
of the radiation panel, the surface of the fabric warmed up, 
which led to the formation of a layer of coked cellular material.

Under the action of the flame of the radiation panel, 
intensive heat transfer through a protective screen from 
fireproof fabric to the timber surface began, which led to the 
formation of a heat-protective layer of coked cellular materi-
al. In this case, no burning of timber occurred. The results of 
the study on determining the dynamics of temperature at the 
non-heated surface of the fabric carried out under laboratory 
conditions are shown in Fig. 6.

Our study has shown that the samples of the fire-proof 
fabric withstood a temperature exposure. Thus, under the 
action of the heat flow, intensive heat transmission took 
place, which exceeded the temperature of wood ignition and 
continued for 600 s. At the same time, the temperature at the 
non-heated surface of the fabric did not exceed the tempera-
ture of the ignition of wood.

Fig.	6.	The	dynamics	of	temperature	increase	through	a	
protective	screen	from	the	fire-proof	fabric	to	the	surface	of	

timber	for	coating:	1	–	based	on	“Firewall-Attic”;		
2	–	based	on	“Firewall-Wood”

A given method is limited only to determining the tem-
perature at the surface of the wood depending on the action 
of the flame of the radiation panel; in this case, at the heat 
transfer through a protective screen of the fire-proof fabric, 
we registered the swelling of the coating that insulates the 
transmission of heat. Taking into consideration [12, 19, 20], 
the thermal-physical characteristics were determined for 
fabric, coked cellular material for the “Firewall-Attic” and 
“Firewall-Wood” coatings (Table 1).

The data in Table 1 show different thermal-physical 
characteristics of the materials, hence it follows that the 
thermal action through the wall of the coating would 
differ. 

Fig. 7 demonstrates the calculation of the density of the 
heat flow q depending on the time of influence t on the fabric 
when the flame of the radiation panel is burning.

Fig.	4.	Results	of	tests	on	the	transmission	of	heat	from	the	
radiation	panel	through	a	protective	screen	made	of	fire-

proof	fabric:	a	–	testing	set-up;	b	–	thermal	action;		
c	–	swelling	of	the	coating;	d	–	heat-insulating	layer	of	

coked	cellular	material
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Fig.	5.	Results	of	tests	on	the	transmission	of	heat	from	the	
radiation	panel	through	a	protective	screen	made	of	fire-

proof	fabric:	a	–	testing	set-up;	b	–	thermal	action;		
c	–	swelling	of	the	coating;	d	–	heat-insulating	layer	of	

coked	cellular	material
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Table	1

Thermal-physical	characteristics	of	materials

Indicator

Material name

Fabric [19]
Coked cellular 
material «Fire-

wall-Wood» [12]

Coked cellular 
material 

«Firewall-At-
tic» [20]

coefficient of 
temperature con-

ductivity, m/s2 
16·10-6 0.26·10-6 0.31·10-6

coefficient of 
thermal conduc-
tivity, W/(m·K)

0.078 0.45 0.034

Fig.	7.	Dependence	of	heat	flow	density	on	the	time	of	action	
of	the	heating	medium	through	a	protective	screen	made	

of	the	fire-proof	fabric	for	coating:	1	–	based	on	“Firewall-
Attic”;	2	–	based	on	“Firewall-Wood”

Fig. 7 shows that with increasing temperature the density 
of the heat flow to the surface of timber through a protective 
screen made of the fire-proof fabric for a coating based on 
“Firewall-Attic” increases to a value above 16 kW/m2. The 
resulting value is insufficient for the ignition of wood (the 
minimum value is 18.0 kW/m2 [21]), and then gradually 
decreases due to the formation of a layer of coked cellular 
material on the surface of the fabric. Instead, the density of 
the heat flow through the protective screen of the fire-proof 
fabric protected by the “Firewall-Wood” coating did not 
exceed 14 kW/m2.

6. Discussion of results of studying the process of 
formation of a layer of coked cellular material when the 

fabric is fireproof

When studying the process of protecting timber with 
fire-proof fabric, as it follows from our results (Fig. 4–6), it 
is natural to extend the time of temperature transfer through 
the fireproof fabric. This is due to the formation of a layer of 
swollen layer of coked cellular material on the surface of the 
fire-proof fabric when flame retardants decompose under the 
influence of flame, which slows down the processes of heat 
transfer to wood and its combustion.

It should be noted that the presence of a fireproof compo-
sition leads to the formation of an elastic film at the surface 
of the fabric, resistant to fluctuations in temperature and 
humidity. Such a mechanism of the influence exerted by 

an elastic film is likely the factor in regulating the process 
by which the fire resistance of the fabric is preserved. The 
results of determining the fabric’s non-combustibility after 
exposure to the flame, namely heat transfer under the ther-
mal influence should be interpreted in this sense since the 
temperature at the inverse surface of the sample was no more 
than 220 °C, which is not enough for timber to catch fire. 
This indicates the formation of a barrier for temperature, 
which can be identified using the method of thermal influ-
ence on the studied samples [21, 22].

That means that taking into consideration this fact 
opens the possibility for effective regulation of the properties 
of wood, coated with fire-proof fabric, directly at industrial 
production. The comparison of our experimental study on 
thermal insulation of wood, fire-protected with fabric, and 
the theoretical research into the thermal insulation of fab-
ric indicates the inhibition of heat transfer processes. The 
reason for this is the fact that the temperature at the inverse 
surface under the action of the radiation panel did not ex-
ceed 220 °C.

This does not diverge from the practical data reported 
in [5, 6] whose authors also associate the effectiveness of 
fire protection with the formation of a layer of coked cellular 
material under the influence of a flame. However, unlike the 
results reported in [7, 9], our data on the effect of modified 
flame retardant compounds on the process of inhibition of 
temperature transfer make it possible to assert the following:

– the main regulator of the process is not so much the 
formation of a significant amount of gases that inhibit the 
flame but the fact that individual fireproof coatings are de-
stroyed under the influence of high temperature; 

– significant impact on the process of wood protection 
when using fireproof fabric is exerted towards the formation 
of a thermal insulation screen on the surface of wood, resis-
tant to thermal destruction.

Such conclusions may be considered appropriate from 
a practical point of view because they make it possible to 
reasonably approach determining the required amount of a 
fireproof agent for fabric. From a theoretical point of view, 
this suggests defining the mechanism of temperature inhib-
iting processes, which are certain advantages of this study.

However, it is impossible not to note that the results 
shown in Fig. 6 indicate the ambiguous effect of the protec-
tive screen on the change of fireproof coating efficiency. This 
is manifested, first of all, by the temperature at the inverse 
surface of the sample when testing the “fireproof fabric‒
wood” system. Such uncertainty imposes certain restrictions 
on the use of our results, which may be interpreted as the 
disadvantages of this study. The inability to remove these 
limitations within the framework of this study gives rise to 
a potentially interesting area of further research. In partic-
ular, it can focus on identifying the moment at which a drop 
in the fire-protective properties begins, followed by the igni-
tion of wood under the influence of high temperature. Such 
a finding could make it possible to investigate the structural 
transformations of fireproof fabric that begin to occur at that 
time and to determine the input variables of the process that 
significantly affect the onset of such transformation.

7. Conclusions

1. We have modeled the thermal conductivity process 
involving a protective screen from fire-proof fabric under the 

y = -5E-10x4 + 7E-07x3 - 0,0004x2 + 0,0685x + 
+9,7382

y = -6E-10x4 + 9E-07x3 - 0,0005x2 + 0,1032x + 
+8,7313
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thermal effect on wood; the dependences were built to derive 
a change in the heat flow at the non-heated surface of the 
fabric. Based on the experimental data on determining the 
temperature at the non-heated surface of the fabric and the 
resulting dependences, we have determined the density of the 
heat flow transmitted to wood through the fire-proof fabric. 
Thus, with the increase in the temperature, the density of the 
heat flow to the surface of wood through a protective screen 
made of the fireproof fabric protected by a coating based on 
“Firewall-Attic” increases to a value above 16 kW/m2, which 
is not sufficient for ignition of wood. Instead, the density of 
the heat flow through the protective screen of the fire-proof 
fabric protected by the “Firewall-Wood”-based coating did 
not exceed 14 kW/m2.

2. Features of inhibition of the process of heat transfer to 
wood through a protective screen made of the fireproof fab-
ric under the action of a radiation panel imply the formation 

of a heat-insulating layer of coked cellular material when 
the coating decomposes. Thus, at the surface of the fire-
proof fabric, a temperature exceeding 280 °C was achieved, 
while at the untreated surface of the fabric, it did not exceed 
220 °C, which is insufficient for the ignition of wood.

Acknowledgments

We express our gratitude for the financial support of this 
work carried out within the framework of the funding bud-
get No. 0121U001007, as well as for the development of sci-
entific topics in the COST Action FP 1407 scientific cooper-
ation program “Understanding wood modification through 
an integrated scientific and environmental approach” within 
the framework of the European Union HORIZON2020 
program.

References

1. Jun, Z., Wei, X., Xingzhong, W., Peiwei, G., Zhihua, Y., Lihai, S., Jiang, W. (2020). Application and research status of concrete canvas 

and its application prospect in emergency engineering. Journal of Engineered Fibers and Fabrics, 15, 155892502097575. doi: https://

doi.org/10.1177/1558925020975759 

2. Xu, J., Zhang, J. Y., Xu, J., Chang, Y., Shi, F., Zhang, Z., Zhang, H. (2020). Design of functional cotton fabric via modified carbon 

nanotubes. Pigment & Resin Technology, 49 (1), 71–78. doi: https://doi.org/10.1108/prt-03-2019-0032 

3. Xu, J., Zhang, J., Xu, J., Miao, G., Feng, L., Zhang, Z., Zhang, H. (2019). Synthesis and properties of cotton fabric functionalized by 

dimethyl phosphite and perfluorohexyl group grafted graphene oxide. Pigment & Resin Technology, 48 (6), 515–522. doi: https://

doi.org/10.1108/prt-02-2019-0018 

4. Shi, F., Xu, J., Zhang, Z. (2019). Study on UV-protection and hydrophobic properties of cotton fabric functionalized by 

graphene oxide and silane coupling agent. Pigment & Resin Technology, 48 (3), 237–242. doi: https://doi.org/10.1108/ 

prt-09-2018-0098 

5. Choi, K., Seo, S., Kwon, H., Kim, D., Park, Y. T. (2018). Fire protection behavior of layer-by-layer assembled starch–clay multilayers 

on cotton fabric. Journal of Materials Science, 53 (16), 11433–11443. doi: https://doi.org/10.1007/s10853-018-2434-x 

6. Tausarova, B. R., Stasenko, A. Yu. (2019). Giving flame retardant properties to cellulosic textile materials using sol-gel technology. 

Khimiya Rastitel'nogo Syr'ya, 4, 365–372. doi: https://doi.org/10.14258/jcprm.2019044286 

7. Chan, S. Y., Si, L., Lee, K. I., Ng, P. F., Chen, L., Yu, B. et. al. (2017). A novel boron–nitrogen intumescent flame retardant coating on 

cotton with improved washing durability. Cellulose, 25 (1), 843–857. doi: https://doi.org/10.1007/s10570-017-1577-2 

8. Zhou, S., Huangfu, W., You, F., Li, D., Fan, D. (2019). Flame Retardancy and Mechanism of Cotton Fabric Finished by Phosphorus 

Containing SiO2 Hybrid Sol. 2019 9th International Conference on Fire Science and Fire Protection Engineering (ICFSFPE). doi: 

https://doi.org/10.1109/icfsfpe48751.2019.9055847 

9. Vachnina, T. N., Susoeva, I. V., Titunin, A. A. (2020). Improvement of fire protection of wood board and textile materials for 

premises with a massive stay of people. IOP Conference Series: Materials Science and Engineering, 962, 022008. doi: https:// 

doi.org/10.1088/1757-899x/962/2/022008 

10. Zhu, H., Kannan, K. (2020). Determination of melamine and its derivatives in textiles and infant clothing purchased in the United 

States. Science of The Total Environment, 710, 136396. doi: https://doi.org/10.1016/j.scitotenv.2019.136396 

11. Skorodumova, O., Tarakhno, O., Chebotaryova, O., Hapon, Y., Emen, F. M. (2020). Formation of Fire Retardant Properties in 

Elastic Silica Coatings for Textile Materials. Materials Science Forum, 1006, 25–31. doi: https://doi.org/10.4028/www.scientific.

net/msf.1006.25 

12. Tsapko, Y., Tsapko, О., Bondarenko, O. (2020). Determination of the laws of thermal resistance of wood in application of 

fire-retardant fabric coatings. Eastern-European Journal of Enterprise Technologies, 2 (10 (104)), 13–18. doi: https:// 

doi.org/10.15587/1729-4061.2020.200467 

13. Tsapko, Y., Lomaha, V., Tsapko, А., Mazurchuk, S., Horbachova, O., Zavialov, D. (2020). Determination of regularities of heat 

resistance under flame action on wood wall with fire-retardant varnish. Eastern-European Journal of Enterprise Technologies,  

4 (10 (106)), 55–60. doi: https://doi.org/10.15587/1729-4061.2020.210009 

14. Tsapko, Y., Zavialov, D., Bondarenko, O., Marchenco, N., Mazurchuk, S., Horbachova, O. (2019). Determination of thermal and 

physical characteristics of dead pine wood thermal insulation products. Eastern-European Journal of Enterprise Technologies,  

4 (10 (100)), 37–43. doi: https://doi.org/10.15587/1729-4061.2019.175346 

15. Potter, M. C. (2019). Engineering analysis. Springer, 434. doi: https://doi.org/10.1007/978-3-319-91683-5 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/10 ( 114 ) 2021

56

16. Jannot, Y., Degiovanni, A., Schick, V., Meulemans, J. (2020). Thermal diffusivity measurement of insulating materials at high 

temperature with a four-layer (4L) method. International Journal of Thermal Sciences, 150, 106230. doi: https://doi.org/10.1016/ 

j.ijthermalsci.2019.106230 

17. Zhang, H., Li, Y.-M., Tao, W.-Q. (2017). Theoretical accuracy of anisotropic thermal conductivity determined by transient 

plane source method. International Journal of Heat and Mass Transfer, 108, 1634–1644. doi: https://doi.org/10.1016/ 

j.ijheatmasstransfer.2017.01.025 

18. Janna, W. S. (2018). Engineering Heat Transfer. CRC Press, 692. doi: https://doi.org/10.1201/9781439883143

19. Bartlett, A. I., Hadden, R. M., Bisby, L. A. (2018). A Review of Factors Affecting the Burning Behaviour of Wood for Application to 

Tall Timber Construction. Fire Technology, 55 (1), 1–49. doi: https://doi.org/10.1007/s10694-018-0787-y 

20. Tsapko, Y., Tsapko, А., Bondarenko, O., Chudovska, V. (2021). Thermophysical characteristics of the formed layer of foam coke when 

protecting fabric from fire by a formulation based on modified phosphorus-ammonium compounds. Eastern-European Journal of 

Enterprise Technologies, 3 (10 (111)), 34–41. doi: https://doi.org/10.15587/1729-4061.2021.233479 

21. Tsapko, Y., Tsapko, A., Bondarenko, O. P. (2020). Research of Conditions of Removal of Fire Protection from Building Construction. 

Key Engineering Materials, 864, 141–148. doi: https://doi.org/10.4028/www.scientific.net/kem.864.141 

22. Tsapko, Y. V., Tsapko, A. Y., Bondarenko, O. P. (2020). Modeling of thermal conductivity of reed products. IOP Conference Series: 

Materials Science and Engineering, 907 (1), 012057. doi: https://doi.org/10.1088/1757-899x/907/1/012057 


	6(10)114 
	6(10)114_Попа 
	6(10)114_Попа англ 
	ПОПА 6_10_укр


