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STUDY OF WATER RESISTANCE OF SILICA PROTECTIVE COATINGS 

BASED ON LIQUID GLASS 
 

The water resistance of cotton textile materials impregnated with SiO2 sols obtained on the basis 

of liquid glass was studied. Experimental coatings on fabrics were prepared by the bath method. After 

applying each coating layer and removing excess ash, the experimental samples were dried at (60–

80) ºС. Fabric samples impregnated with sol SiO2 were immersed in containers with distilled water 

maintaining the same sample/water ratio. The fire-retardant properties of the coatings were determined 

after standing in water for 2–72 hours. The degree of destruction of coatings during hydrolysis was 

studied by determining the optical density of the hydrolyzate above the surface of the samples using the 

spectrophotometric (KFK-2) method. Fire-resistant properties were determined at a laboratory installation 

for fire tests. Under the influence of water, partial hydration of the surface of the silica coating occurs, 

which does not lead to its destruction. The presence of a layer of adsorbed water molecules on the sur-

face of the coating is the reason for an additional increase in the fire-retardant properties of the samples. 

It is shown that the degree of homogeneity of the SiO2 sol affects the resistance to hydrolysis of the gel 

coatings. Low-concentration SiO2 sols (8 %), which are characterized by high fluidity and have a long 

service life, have a predominant effect. The long-term effect of water provides an increase in the fire-

retardant properties of impregnated samples in comparison with non-impregnated fabric samples. The 

concentration and degree of homogeneity of the SiO2 sol have a predominant effect on the flame retardant 

properties. The surface layer of flame-retardants prevents the final burning and smoldering of the samples 

after removing the fire source, but does not significantly affect values of flame-retardant properties. 

Keywords: liquid glass, fire-retardant coatings, textile materials, water resistance, lay-by-layer 

assembly, fire resistance 

 

1. Introduction 

The problem of preserving human life and health is one of the most important in 

the field of civil defense and fire safety. Solving this problem consists of solving a large 

number of humanitarian, social and technical tasks, including issues of reducing the 

level of fire danger for people in places of large concentration, preventing the occur-

rence of fire, as well as developing ways of its localization [1]. 

One of the important tasks in this sense is the development of technological prin-

ciples for increasing the fire-resistant properties of textile materials used as upholstery 

and decoration materials in residential buildings, offices and places of large crowds [2–

4]. In addition, it is important to reduce smoke emission during a fire by suppressing the 

ignition of textile finishing materials [5]. 

From this point of view, research related to the development of flame-retardant 

coatings on textile materials, which are able to be reliably fixed on the surface of the 

fabric, reduce the overall thermal effect of ignition or prevent the ignition of the fabric 

under the influence of a fire source, are relevant. 
 

2. Analysis of literary data and formulation of the problem 

Recently, silica coatings, which do not oxidize, do not burn, and do not undergo 

reconstruction under the influence of flame, are used for fire protection of textile mate-
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rials. A class of organosilicon compounds of different spatial structure, which contain 

phosphorus, bromine, nitrogen and other atoms, are usually used as precursors for the 

production of silica coatings. In an attempt to increase the fire resistance of siliceous 

coatings, various methods of applying these substances to the fabric are used: impreg-

nation, spraying, layer-by-layer assembly, etc. [6–9]. 

It is known that the nature of the siliceous precursor and the history of its prepara-

tion affect the degree of homogeneity of the gel coating and, accordingly, the quality of 

the fire-retardant effect of the coating [10, 11]. 

The introduction of titanium, zirconium and aluminum oxides into the composi-

tions significantly increases the fire resistance of treated fabrics, but their effectiveness 

is lower than that of silica [11]. 

The use of phosphorus-containing compounds as components of a protective coat-

ing helps to increase the fire-resistant properties of impregnated fabrics, but increases 

the emission of smoke. A small content of phosphorus compounds (up to 15 wt.% in 

relation to the organosilicon precursor) significantly improves the fire resistance of the 

fabric due to a synergistic effect [12]. But the complexity of the synthesis of phospho-

rus-containing compounds and the toxic effect on the human body and the environment 

limit the use of such compounds. 

The method of forming a fire-resistant coating by impregnating the fabric with 

aqueous suspensions in which SiO2 nanoparticles are the dispersed phase is quite wide-

ly used [13, 14]. But the quality of the application of the protective layer is affected by 

the reaction conditions of the deposition of SiO2 nanoparticles on the surface of the fab-

ric fibers, the modification time and the content of tetraethylorthosilicate, the distribu-

tion of nanoparticles by diameter. It should be noted that the layer-by-layer application 

of a siliceous coating is a very long process, and requires additional fixing of each layer 

by heat treatment, which increases the cost and energy consumption of the process. 

SiO2 sols of inorganic origin, for example, obtained as a result of the exchange re-

action of sodium silicate with mineral acid, can be considered as low-concentration 

suspensions, in which the dispersed phase is silicic acid micelles capable of polycon-

densation with the formation of nanoparticles. From the point of view of applying SiO2 

nanolayers, silicic acid salts obtained by the action of mineral acids on sodium silicate 

(liquid glass) are interesting. However, in the publications cited in the technical litera-

ture, ways of obtaining gel powders of the desired structure, given porosity or pore 

morphology were considered, but not the issue of obtaining a stable sol. 

In previous studies [15], we proposed a method for obtaining a stable SiO2 sol 

based on liquid glass in the concentration range (4–16%), studied the rheological prop-

erties of the sols and showed the positive effect of protective coatings based on them on 

increasing the fire protection of textile materials. But, taking into account the inorganic 

origin of such sols, that is, the absence of hydrocarbon groups on the surface, it is pos-

sible to assume a partial decrease in the adhesion of the coating to the cellulose fiber. 

Fire-resistant coating on textile materials works reliably only in case of sufficient 

adhesion to the fabric fiber. It is possible to evaluate the adhesion of the coating to the 

fiber of the fabric threads during the study of the water resistance of impregnated sam-

ples. This is explained by the fact that water has a wedging effect at the points of con-

nection of the coating with the threads of the fabric. 

Thus, an unsolved part of the problem is determining the reliability of applying si-

liceous coatings based on stable concentrated SiO2 sols based on liquid glass. 
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3. The purpose and objectives of the research 

The purpose of the work is to study the processes occurring in the protective coat-

ing based on liquid glass during water resistance tests. 

To achieve the goal, the following research tasks needed to be solved: 

– determine the effect of long-term action of water (hydrolysis process) on the 

structure of the coating based on liquid glass; 

– determine the effect of long-term hydrolysis on the fire-retardant properties of 

coatings. 

 

4. Research materials and methods 

Experimental SiO2 sols were obtained by mixing aqueous solutions of liquid glass 

and acetic acid. Cotton samples measuring 9 x 13 cm were impregnated by the "bath" 

method, excess sol was removed on wringing rollers and dried at temperatures of 80-

100 ºС. The coating was applied in three layers. Fire retardant solutions (diammonium 

hydrogen phosphate and urea) were applied to the dried samples by spraying and dried 

again. The marking of the samples consists of the concentration of SiO2 sol (8, 11, 14) 

and the "a" mark in the case of using flame retardants. 

Fabric samples impregnated with sol (SiO2 concentration 8, 11, and 14%) with 

and without flame retardants were immersed in containers with distilled water with a 

volume of 3 liters, maintaining the same sample/water ratio. For comparison, samples 

of non-impregnated fabric were placed in a separate container. After standing in water 

for some time (2, 4, 6, 24, 48 and 72 hours), one sample was removed from each con-

tainer and dried in a drying cabinet. At the same time, a portion of pre-scalated water 

was taken from each container to determine the optical density of the liquid above the 

samples subject to hydrolysis (hydrolyzate). 

The optical density was determined using a KFK-2 photocolorimeter, using dis-

tilled water as a standard. Every day, the contaminated water was drained and the con-

tainers were filled with clean water. 

After the samples were dried, they were subjected to fire tests using a laboratory 

setup consisting of a protective metal horizontal screen with a hole in the middle with a 

diameter of 30 mm. The burner was fed from the bottom of the hole in such a way that 

the hole was in the middle of the flame from burning gas supplied under a pressure of 

0.2 MPa. 

A fabric sample was fixed on top of the screen. The process of the fire test was 

recorded on a video camera, which was used to determine the time of the beginning of 

carbonization of the fabric under the action of fire, the time of the beginning of its de-

struction, the time of final burning and smoldering after the removal of the fire source. 

The area of damage to fabric samples from the action of fire for 6 seconds was deter-

mined separately. 

 

5. Results of studies of the effect of long-term action of water on the structure 

of the coating 

Holding the samples in water for 2–6 hours does not lead to significant changes in 

the optical density of the hydrolyzate (fig. 1a). 

Practically the same situation is observed on the graph of the change in the optical 

density of the hydrolyzate over the tissue samples impregnated, in addition to the SiO2 

sol, with flame retardant solutions (fig. 1b). The compositions show sufficient stability 

in the first 6 hours of hydrolysis. 



ISSN 2524-0226. Problems of Emergency Situations. 2022. № 2(36) 
 

188 © O. Skorodumova, O. Tarakhno, O. Chebotareva, S. Harbuz, H. Radchenko 
,  

With increasing hydrolysis time, there is a sharp increase in the optical density of 
the non-impregnated sample, which indicates a partial loss of their coloring. The optical 
density curves of the impregnated samples are superimposed on the curve of the non-
impregnated sample (fig. 1a). 

In the case of additional impregnation of the samples with flame retardants, a 
sharp increase in the optical density of the hydrolyzates is observed in comparison with 
the curve for the non-impregnated sample (fig. 1b). 

The shape of the curves in graph 2(a) shows that the main damage to the coating 
occurs after 24 hours of hydrolysis. Changing the water in the containers and waiting 
for another 24 hours does not lead to noticeable changes in the coatings. Only on the 
3rd day of hydrolysis, there is a slight increase in the optical density of the hydrolyzate 
of samples impregnated with sol of 8% concentration. 

 

 

 
а)                                 b) 

Fig. 1. Change in the optical density of the hydrolyzate depending on the time of hydrolysis 

of the samples impregnated with sols of 8, 11 and 14% concentration: a – samples impregnated 
with SiO2 sol; b – samples additionally impregnated with flame retardant solutions 

 
 

 
а)                                                                                b) 

Fig. 2. The influence of the hydrolysis time of impregnated samples on the optical density of 
the hydrolyzate: a – samples impregnated with SiO2 sol; b – samples additionally impregnated 
with flame retardant solutions 

 

A similar situation is observed in graph 2(b): the maximum damage to the coating 
occurs in the first 24 hours of hydrolysis, and the subsequent two days of testing practi-
cally did not change the optical density values. 

 

6. Results of studies of the effect of long-term hydrolysis on the fire-retardant 

properties of coatings 
The results of fire tests of experimental samples are shown in fig. 3–4. Curves of 
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changes in the time of the beginning of charring and the time of the beginning of tissue 
destruction from the time of hydrolysis of coatings. It should be noted that the non-
impregnated fabric significantly reduces its flame-retardant properties after hydrolysis: 
the time of the beginning of charring decreases from 6 to 4 s, the time of the beginning 
of destruction ranges from 5 to 8 s. 

 

 

 
а)                                                                                  b) 

Fig. 3. The dependence of the time of the beginning of charring during the action of fire on 

the samples impregnated with SiO2 sol (a) and additionally impregnated with flame retardants (b) 

on the hydrolysis time of the coatings 
 

 
а) 

 
b) 

Fig. 4. The influence of the time of hydrolysis of coatings on the time of the beginning of de-

struction of samples during fire tests: a – samples impregnated with SiO2 sol; b – samples addi-

tionally impregnated with flame retardant solutions 
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All non-impregnated samples after removal of the fire source showed final burn-

ing in the interval 11–130 s, final smoldering was observed only in the sample after hy-

drolysis for 2 hours and in the sample that was not subjected to hydrolysis. 

The time of the beginning of charring of non-impregnated samples (fig. 3a) in-

creases with the increase of the hydrolysis term, which indicates the hydration of cellu-

lose fibers. The time of the beginning of charring of samples impregnated with sols of 8 

and 11 % concentration after hydrolysis for 2–4 hours varies from 6 to 9 s (fig. 3a), 

probably due to partial hydration of the surface of the protective coating. Adsorption of 

water molecules on hydrophilic parts of the surface during hydrolysis for 2–4 hours in-

creases not only the time of the beginning of charring, but also the time of the begin-

ning of tissue destruction (fig. 4). 

Further hydrolysis reduces the fire-retardant properties of the coatings, but in 

comparison with non-impregnated samples, a significant improvement in fire-retardant 

properties remains. 

 

7. Discussion of the results of the study of water resistance of protective coatings 

Hydrolysis of the samples within 24 hours is probably the cause of the partial loss 

of staining by the samples, as evidenced by a sharp increase in the optical density of the 

hydrolyzate in a container with non-impregnated tissue samples (fig. 1a). 

The curves of changes in the optical density of the hydrolyzate in the containers 

with samples practically overlap each other, so it can be assumed that the coatings have 

some porosity, due to which the dyeing of the fabric partially reaches the hydrolyzate, 

increasing its optical density. 

Samples additionally impregnated with flame retardants more easily give off a 

certain amount of not only fabric coloring, but also partially flame retardants (fig. 1b). 

The reason for this is probably the weak fixation of flame retardants on the surface of 

the silica coating, which lacks hydrocarbon groups. Previous studies have already prov-

en that the concentration of SiO2-sol affects its rheological properties [7] (flowability, 

viscosity), which, in turn, affect the quality (degree of uniformity) of coating applica-

tion. Applying flame retardants to a thin coating protects the fabric to a greater extent: 

the optical density of the hydrolyzate practically does not change. Taking into account 

that clean water was poured into the container every 24 hours, the change in the optical 

density of the hydrolyzate can show the interval of stability of the coating (fig. 2). All 

samples marked "a" were impregnated, except for SiO2 sols, with solutions of diammo-

nium hydrogen phosphate and urea of the same concentration under the same conditions 

of impregnation, wringing and drying, so it can be concluded that the durability of the 

coating depends, first of all, on the concentration of SiO2 sol. 

Conclusions regarding water resistance of experimental coatings based on pro-

cessing only optical density curves, of course, are not justified without the results of fire 

tests after hydrolysis of the coatings. 

It is known that fabric impregnation with flame retardant solutions has a negative 

effect on physical and mechanical characteristics. This is explained by the loosening of 

cellulose fibers during impregnation. If, at the time of impregnation, the threads of the 

fabric are loosened into individual fibers, the protective coating should also be de-

stroyed, so it was expected to receive a significant decrease in fire-retardant indicators. 

Long-term hydrolysis (within 2–3 days) reduces the time of the beginning of char-

ring of the fabric (fig. 3), but, taking into account the similarity of the shape of the 

curves for samples without flame retardants and samples additionally impregnated with 
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flame retardants, we can also conclude about the predominant role of concentration and, 

accordingly, the degree of homogeneity SiO2 sol in increasing flame retardant proper-

ties. The fire retardant effect of flame retardants is mainly manifested during the deter-

mination of the time of the beginning of the destruction of the fabric, the time of final 

burning and smoldering, because after removing the source of fire, the samples did not 

burn and did not smolder. 

The curves shown in Figures 1–4 agree with each other. In the first 5 hours of hy-

drolysis, the flame-retardant properties of the samples are significantly higher than 

those of non-impregnated samples, and the use of SiO2 sols of low concentration (8–

11 %) has a greater effect. The layer of adsorbed water molecules formed during hy-

drolysis on the surface of the coating cannot be desorbed in the process of drying the 

samples, so the time for the beginning of charring and destruction is significantly in-

creased. The long-term effect of water neutralizes the effect of the concentration of sili-

ca sol, but under the conditions of the participation of flame retardants, it highlights the 

effect of the degree of homogeneity of the gel coating on the fire-retardant properties. 

 

8. Conclusions 

1. The water resistance of the developed compositions of fire-resistant siliceous 

coatings on textile materials was studied. It was established that partial hydration of the 

surface of the siliceous coating occurs under the action of water for 2–6 hours, which 

does not lead to its destruction. The main damage to the coating occurs after 24 hours of 

hydrolysis. It is shown that the degree of homogeneity of the SiO2 sol affects the re-

sistance to hydrolysis of the gel coatings. SiO2 sols of low concentration (8 %), which 

are characterized by high fluidity and have a long life, demonstrate greater resistance to 

prolonged action of water. 

2. The influence of the hydrolysis term on the fire-retardant properties of impreg-

nated fabric samples was studied. It is shown that even the long-term effect of water 

provides an increase in the fire-retardant properties of impregnated samples in compari-

son with non-impregnated fabric samples by 2–2.5 times. It is shown that the concentra-

tion and degree of homogeneity of the SiO2 sol have a predominant effect on the flame 

retardant properties. A thin layer of coating based on sols of 8–11 % concentration in-

creases the time of the beginning of fabric destruction by 2 times compared to a coating 

based on SiO2 sol of 14 % concentration and by 6 times compared to non-impregnated 

fabric. The surface layer of flame retardants prevents the final burning and smoldering 

of the samples after removing the fire source, but does not significantly affect numerous 

indicators of flame-retardant properties. 

 

References 

1. Rovira, J., Domingo, J. L. (2019). Human health risks due to exposure to inor-

ganic and organic chemicals from textiles: Areview. Environmental Research, 168, 62–

69. https://doi.org/10.1016/j.envres.2018.09.027 

2. Chanchal, Kumar, Kundu, Lei, Song, Yuan, Hu. (2020). Sol-gel coatings from 

DOPO-alkoxysilanes: Efficacy in fire protection of polyamide 66 textiles. European 

Polymer Journal, 125, 109483. https://doi.org/10.1016/j.eurpolymj.2020.109483 

3. Fanglong, Z., Qun, X., Qianqian, F., Rangtong, L., Kejing, L. (2016). Influence 

of nano-silica on flame resistance behavior of intumescent flame retardant cellulosic 

textiles: Remarkable synergistic effect? Surface & Coatings Technology, 294, 90–94. 

http://doi.org/10.1016/j.surfcoat.2016.03.059 



ISSN 2524-0226. Problems of Emergency Situations. 2022. № 2(36) 
 

192 © O. Skorodumova, O. Tarakhno, O. Chebotareva, S. Harbuz, H. Radchenko 
,  

4. Alongi, J., Ciobanu, M., Malucelli, G. (2012). Sol–gel treatments on cotton fab-

rics for improving thermal and flame stability: effect of the structure of the alkoxysilane 

precursor. Carbohydrate Polymers, 87(1), 627–635. doi: 10.1016/j.carbpol.2011.08.036 

5. Skorodumova, O., Tarakhno, O., Chebotaryova, O., Saveliev, D., Emen, F. 

(2021). Investigation of gas formation processes in cotton fabrics impregnated with bi-

nary compositions of ethyl silicate-flame retardant system, Materials Science Forum, 

1038, 460–467. doi:10.4028/www.scientific.net/MSF.1038.460 

6. Alongi, J., Ciobanu, M., Malucelli, G. (2012). Thermal stability, flame retard-

ancy and mechanical properties of cotton fabrics treated with inorganic coatings synthe-

sized through sol–gel processes. Carbohydrate Polymers, 87(3), 2093–2099. 

doi:10.1016/j.carbpol.2011.10.032 

7. Skorodumova, O., Tarakhno, O., Chebotaryova, O., Bezuglov, O., Emen, F.M. 

(2021). The use of sol-gel method for obtaining fire-resistant elastic coatings on cotton 

fabrics. Materials Science Forum, 1038, 468–479. doi: 

10.4028/www.scientific.net/MSF.1038.468 

8. Paul, B., Mahmud-Ali, A., Lenninger, M., Eberle, S., Bernt, I., Mayer, D., 

Bechtold, T. (2022). Silica incorporated cellulose fibres as green concept for textiles 

with reduced flammability. Polymer Degradation and Stability, 195, 109808. 

https://doi.org/10.1016/j.polymdegradstab.2021.109808 

9. Yan, B., Zhou, Q., Zhu, X., Guo, J., Mia, M.S., Yan, X., Chen, G., Xing, T. 

(2019). A superhydrophobic bionic coating on silk fabric with flame retardancy and UV 

shielding ability. Applied Surface Science, 483, 929–939. 

doi:10.1016/j.apsusc.2019.04.045 

10. Kakar, A., Jayamani, E., Khusairy, M., Bakri, B. Rahman,R. (2018). Durabil-

ity and sustainability of the silica and clay and its nanocomposites. Silica and Clay Dis-

persed Polymer Nanocomposites Preparation. Properties and Applications, Woodhead 

Publishing Series in Composites Science and Engineering, 137–157. 

http://dx.doi.org/10.1016/B978-0-08-102129-3.00009-9 

11. Zhou, Y., Tang, R-C., Xing, T., Guan, J-P., Shen, Z-H., Zhai, A-D. (2019). 

Flavonoids-metal salts combination: A facile and efficient route for enhancing the flame 

retardancy of silk. Industrial Crops & Products, 130, 580–591. 

https://doi.org/10.1016/j.indcrop.2019.01.020 

12. Brancatelli, G., Colleoni, C., Massafra, M.R., Rosace, G. (2011). Effect of hy-

brid phosphorus-doped silica thin films produced by sol–gel method on the thermal be-

haviour of cotton fabrics. Polymer Degradation and Stability, 96(4), 483–490. 

http://dx.doi.org/10.1016/j.polymdegradstab.2011.01.013 

13. Kundu, C. K., Song, L., Hu, Y.(2020). Nanoparticles based coatings for multi-

functional Polyamide 66 textiles with improved flame retardancy and hydrophilicity. 

Journal of the Taiwan Institute of Chemical Engineers, 112, 15–19. 

https://doi.org/10.1016/j.jtice.2020.07.013 

14. Alessandrade, J. R., Fonseca, S., Bufalino, L., Ribeiro, C., Martins, M. A., 

Marconcini, J. M., Tonoli, G. H. D. (2014). Evaluation of reaction factors for deposition 

of silica (SiO2) nanoparticles on cellulose fibers. Carbohydrate Polymers, 114, 424–

431. https://doi.org/10.1016/j.carbpol.2014.08.042 

15. Skorodumova, O., Tarakhno, O., Chebotareva, O., Bajanova, K. (2022). Sili-

con Protective Coatings For Textile Materials Based On Liquid Glass. Problems of 

Emergency Situations, 1(35), 109–119. https://doi.org/10.52363/2524-0226-2022-35-8 



ISSN 2524-0226. Проблеми надзвичайних ситуацій. 2022. № 2(36) 
 

Fire Safety. DOI: 10.52363/2524-0226-2022-36-15 193 
 

 

О. Б. Скородумова, д.т.н., професор, проф. каф. 

О. В. Тарахно, д.т.н., професор, проф. каф. 

О. М. Чеботарьова, ад’юнкт 

С. В. Гарбуз, к.т.н., доц. каф. 

 Г. М. Радченко, курсант 

Національний університет цивільного захисту України, Харків, Україна 

 

ВОДОСТІЙКІСТЬ КРЕМНЕЗЕМИСТИХ ЗАХИСНИХ ПОКРИТТІВ НА ОСНОВІ 

РІДКОГО СКЛА 
 

Досліджено водостійкість бавовняних текстильних матеріалів, просочених золями SiO2 які 

одержані на основі рідкого скла. Експериментальні покриття по тканинах готували ванним 

методом. Після нанесення кожного шару покриття і видалення зайвого золю експериментальні 

зразки сушили в сушильній шафі при (60–80) ºС. Просочені золем (концентрацією SiO2 8, 11 та 

14 %) зразки тканини з антипіренами та без них, заглиблювали в ємності з дистильованою 

водою, дотримуючись однакового співвідношення зразки/вода. Вогнезахисні властивості 

покриттів визначали після витримування в воді протягом 2–72 годин. Ступінь руйнування 

покриттів підчас гідролізу досліджували, визначаючи оптичну густину гідролізату над 

поверхнею зразків за допомогою спектрофотометричного (КФК-2) методу. Вогнезахисні 

властивості визначали на лабораторній установці проведення вогневих випробувань. 

Встановлено, що під дією води відбувається часткова гідратація поверхні кремнеземистого 

покриття, яка не призводе до його руйнування. Наявність шару адсорбованих молекул води на 

поверхні покриття є причиною додаткового підвищення вогнезахисних властивостей зразків. 

Показано, що ступінь однорідності золю SiO2 впливає на стійкість до гідролізу гелевих 

покриттів. Переважний вплив оказують золі SiO2 низької концентрації (8 %), які 

характеризуються високою текучістю та мають тривалий термін життя. Показано, що навіть 

довготривала дія води зберігає підвищені вогнезахисні властивості просочених зразків у 

порівнянні з не просоченими зразками тканини. Показано, що переважний вплив на вогнезахисні 

властивості оказує концентрація та ступінь однорідності золю SiO2. Поверхневий шар 

антипіренів запобігає остаточному горінню та тлінню зразків після видалення джерела вогню але 

не значно впливає на численні показники вогнезахисних властивостей. 

Ключові слова: рідке скло, вогнезахисні покриття, текстильні матеріали, водостійкість, 

пошарова збірка, вогнестійкість 
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