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The article presents data on the development of technology for imparting flame-retardant properties to textile materials at
the stages of final finishing. The increase in the functionality of textile materials is ensured through the introduction of effective
processing methods using flame- retardants and textile auxiliary substances that contribute to reducing flammability and
increasing the heat resistance of materials, as well as the use of modern chemical and physical methods of intensification of
technological processes. Technological solutions for processing textile materials have been developed, aimed at achieving the
required level of flame-retardant characteristics while preserving the physical and mechanical properties of fabrics. Optimal
parameters for the preparation of working solutions are selected: flame-retardant concentrations, component ratio, temperature
and processing duration. The qualitative characteristics of the treated materials were studied, including uniformity of application
and fixing of the flame-retardant coating, efficiency of reducing flammability, as well as changes in physical and mechanical
indicators. The methods of processing providing stable fixation of flame retardants on the surface and in the structure of textile
fibers are proposed. The introduction of the developed technology will improve the quality of textile materials by improving fire
safety indicators, preserving operational and hygienic properties, as well as reducing energy costs and processing time. The results
of the study can be used in the creation of modern technological processes for the production of textile materials from natural,
chemical fibers and their mixtures with specified flame-retardant characteristics, including for special, protective, technical and
household products.

Keywords: textile materials, flame-retardant coatings, flame-retardants, functional finishing, fire
resistance, heat resistance, thermal decomposition, chemical modification, protective properties.
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B cmambe npedcmaenenl 0arHble 0 pazpadomKe mexHoNoZuU NPUOAHUSL IMEKCHITbHBIM MAMEPUTIAM OZHE3AUUIHBIX
ceoiicme Ha Imanax 3axuouumenvroii omoenku. Ilosvriiuenue yHKUUOHATLHOCHU MEKCMWIBHBIX MAMEPUATIO8 00eCneYeHO 3a
cuém eHeopeHus IPPHeKmueHbIX MEn0006 0OPadboOmK ¢ UCHOTLIOGAHUEM AHMUNUPEHO8 U MEKCIMUIBHBIX 6CHOMOZAMETbHBIX
6euyecms, CROCOOCIEYIOWUX CHUMNCCHUIO 20PIOYECHU U ROBLILUCHIIO MEPMOCHIOUKOCIU MAMEPUATIO8, @ MAKICe NPUMEHEHUA
COBPEMEHHBIX XUMUUECKUX U (DU3UUECKUX Memo008 UHMEHCUpUKauuU mexnonouueckux npoveccos. Pazpatomanni
MEXHONI0ZUYECKUEe PEWeHUst N0 00PAbomKe MEeKCMUIbHBIX MAMEPUAI08, HANPAGTCHHbIC HA OOCIUNICEHUE MPedYeMozo YPOGHs
OCHE3AUUMHBIX XAPAKMEPUCHUK NpU COXpaHeHuu ghusuxo-mexanuueckux ceoticme mraneil. Ilodoopanst onmumanvhole
napamempsbl NPUOMOGICHUS PAGOUUX PACINEOPO8: KOHUCHMPAWUU AHIMUNUPEHOB, COOMHOWEHIE KOMNOHEHINO08, MeMnepamypa
u npoodo/IcUmenvHocmy 0opadomxu. Hccnedosanvt Kauecmeenmule Xapakmepucmuku 00padomantbix Mamepuanos, 6Ko4asn
PABHOMEPHOCHIb HAHECEHUA U 3AKPENICHUA OZHE3AUWUIMHO20 NOKPbIMUS, IHeKmUGHOCHb CHUMCEHUSI 60CIIIAMEHACMOCHI, d
maroice uzmenenue uzuxo-mexanuueckux noxazameneii. Ilpeonosicervl memoowt 00padomxu, odecneuusaiougue cmaduibHoe
3aKpeneHue 0ZHe3AUIUMHBIX 6CLIECE HA NOBEPXHOCIUL U 6 CHPYKHIYPe MEKCIUTbHBIX 80710K0H. Bredpenue paspabomannoi
MEXHOI02UN NO360JIUN NOBLICUMb KAUECME0 MEKCHWILHLIX MAMEPUANOs 34 CHEM YIYUUIeHUA NOKA3AMENnell noNcapHoll
0e30nacHoCmu, COXPAHEHUA IKCHITYAMAYUOHHBIX U ZUZUCHUYECKUX CBOUICIE, 4 MAKICEe COKPAWCHUSL IHEP2O3AMPAn U 6DEMEHU
oopadomku. Pe3ysibmamsl uccie008anus Mozym 0bimo UCHOJIb306AHbL HPU CO30AHIUU COBDEMEHHBIX MEXHOI0ZUUECKUX HPOUECCO8
RPOU3800CHIEaA MEKCHMUWILHLIX MAMEPUAIO08 U3 HAMYPWITLHBLX, XUMUYECKUX 60JI0KOH U UX CMECEIL C 30AHHBIMU O2HE3AUUIMHbIMU
XAPAKMEPUCMUKAMU, 8 HOM YHUCIIE 0TI W30 CREUUATIbHOZ0, 3AUUNTHOZ0, MEXHUYECKO20 U ObIIMO0B020 HAZHAUCHUSL.

KiroueBble ci10Ba: TeKCTHJIbHBIE MaTepHAJbl, OrHe3allMTHbIE TOKPBLITHS, AHTHIHPEHBI,
(pyHKIHOHATBHAA OT/IEJIKA, OTHECTOHKOCTh, TEPMOCTONKOCTh, TEPMHUYECKOE PA3JI0KeHHe, XHMHUYeCKast
MoauGuKanus, 3allUTHbIE CBOHCTBA.
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Makanaoa mexkcmuny Mamepuanoapvina apneyoir; Cconzvl Ke3eHOepinoe omKa meo3imoi Kacuemmep Oepy
MexXHONoUACLIH  d3ipney OoiibiHwa Oepekmep ycviHblizan. Tekcmuns mamepuanoapviHvly —QyHKUUOHATIOLUIBIZbIH
apmmaipy2d, HcaHblUIMbIZLIH IMOMEHOEN1y2e HcIHe MEPMUATLIK MO3IMOINIZIH Hco2apbliamyea bIKnai ememin aHmunupeHoep
MeH MmeKcImunbze apHAN2aH KeMeKuwi 3ammapobl KOlN0AHA OMmbIpbin, Muimoi OoHOey 20icmepin eHzi3y, COHOAl-aK,
MEXHONOUANBIK HPOUeCmepOi UHMEHCUDUKAUUANAYOLIH 3AMAHAYU XUMUATBIK HCIHE (UUKATIBIK d0icmepin naildananymen
Kammamacoz emineen. Tekcmunb mMamepuanoapvin oxoey 00UbIHWA Ka)icemmi OmKa meo3iMoiniK Kepcemkiwimepine Kon
JHCemKize Omulpbln, MAmanapobly, YuU3UKA-MEeXaHUKAIbIK KACUSMMEPIH CAKMay2a 6azplmmasizan mexHona0uAIbIK uewinoep
azipnenoi. ZKymvic epiminoinepin oaivinoayoviyy oHmailivl napamempinepi manoanobl: AHMURUPEHOEPOit; KOHUEHMPAUUACDH,
KOMNOHeHmmepoiy, apaKamvlHACbl, MEMNEPAMYPAChl MHCIHE OHOey Y3aKmouizbl. OHOencen Mamepuanoapobvly, Canajvlk
CURAMmMamanapsl, OHvlH, iwin0e omKa me3imoi JHcadbinHbIY OIPKeNKi JHcazolyvl MeH OeKimiiyi, mymanHblumslKnlH
momenoey muimoinici, conOau-aK,  QuUIUKA-MEXAHUKAILIK, — KopcemKiwimepoiy, o3zepyi  3epmmendi.  Texcmunb
MALIKMAPbIHbIY Oeminde Heane KEPblIbIMbIHOA OMKA MO3iMOL 3ammapobiy, MYpaKkmol 0eKimityin KamMmamacl3 ememin
OHOey 20icmepi YColHbINObL. O3IPNIeH2eH MEXHON0UAHBL €H2I3y 6pm KayincizoiZi Kopcemkiuimepin Hcakcapmy apKplibl
MeKCmulb, MamepuanoapbiHbly, CANACbIH APMMbIPYed, IKCHAYAMAUUATBIK HCIHE UCUEHWILIK KACUeMMEPIH caKmayea,
COHOAII-AK, IHEPIUA WIBIZLIHBIH JHCIHE OHOEY YAKbIMbIH KblCKApmy2a MYMKIHOIK Oepeldi. 3epmmey nomudicenepi maoueu,
XUMUATIBIK, MATUBIKINAPOAH JCIHE 0NaApOblY KOCNATNAPLIHAH HCACATAMbIH, Oepiicen 0mKa mo3iMOoiliK cunammamanapsl oap
3aMaHayu meKCmuib MAMeEPUAnOapbit OHOIPYOiH MeExXHOI0ZUAIbIK NPOUECMEPIH a3ipiieyoe, COHbIH, iuiHOe apHAITbL, KOP2AHbILL,
MEXHUKATBIK HCIHE MEPMBICHbIK MAKCAMMAZbL OYibIMOap yulin KOI0aHbUTybl MYMKIH.

Heri3ri ce3nep: TekcTHIb MaTepuajAapbl, OTKa Te3iMai KkaObIHIApP, AaHTUNMPEHIEp,
(GyHKIUOHAIABIK 6HIeY, 0TKAa TO3iMIidik, KbLIyFa TO3iMIiNiK, TEPMUSUIBIK bIABIPAY, XUMHUSIIBIK
MoauduKanus, KOPFaHbIII KAacHeTTepi.

Introduction phosphorus, nitrogen, boron and silicon-containing

Textile materials are widely used in various compounds, as well as their combined systems, are
industries, construction, transport, medicine and used. These drugs can change the mechanism of
the production of personal protective equipment. thermal decomposition of textile fibers, reduce the
However, most textile materials, especially those release of combustible gases and contribute to the
made from natural cellulosic fibers, are formation of a protective carbon layer on the
characterized by high flammability, which surface of the material. The effectiveness of flame
significantly limits their scope and increases the retardants is determined by their ability to be
risk of fires. In connection with the tightening of evenly distributed throughout the structure of the
requirements for the safety of textile products, the textile material and firmly fixed on the surface of
development of effective methods for improving the fibers, providing a stable protective effect in the
the fire-retardant properties of materials without operation of products [6-8].
worsening their performance is of relevance [1,2]. The effectiveness of flame-retardant treatment

One of the most promising directions for is determined not only by the chemical composition
solving this problem is the creation of flame- of flame retardants used, but also by the technological
retardant coatings that reduce flammability, the parameters of their application, ensuring uniform
speed of flame propagation and the intensity of distribution and strong fixation of functional
thermal decomposition of textile fibers. Modern components in the structure of the textile material. An
flame-retardant coatings are formed based on important requirement for modern flame-retardant
flame-retardant compositions capable of forming a coatings is the preservation of physical and
heat-resistant protective layer on the surface of the mechanical properties, air permeability and other
material, preventing oxygen access and heat quality indicators of textiles while increasing their
transfer during combustion [3-5]. fire resistance [9-11].

As flame-retardants for textile materials, At present, considerable attention is being
special chemical compositions based on paid to the development of new functional coatings
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and technologies for modifying textile materials to
increase their resistance to high temperatures and
open flames. In this regard, an urgent task is to
create effective flame-retardant coatings that
provide a high level of protection and stability of
the operational properties of materials [12-13].

The purpose of this work is to develop an
effective flame-retardant coating for textile
materials, study its effect on fire resistance
indicators and assess the possibility of using the
developed technology to obtain textile products
with increased protective properties [14,15].

Materials and methods

To impart flame retardant properties to cotton
and mixed textile materials (50 % cotton and 50 %
polyester), a composition based on liquid glass,
melamine and urea was used. The working solution
was prepared as follows: in one liter of distilled water
dissolved 150-180 g of liquid glass (Na;SiO3) with
constant stirring until a homogeneous system. Then,
40-60 g of melamine and 20-30 g of urea were
sequentially administered, providing intense stirring
until a stable suspension was formed. To improve the
wetting of the textile material, 0.5-1.0 g of a non-ionic
surfactant was additionally introduced into the
composition.

The processing of cotton and mixed textile
materials was carried out by impregnation until
uniform absorption of the working solution was
achieved. After impregnation, the samples were
pressed to remove the excess composition, then dried
at a temperature of 80—100 °C to a constant mass. The
final thermofixation was carried out at elevated
temperature to form a stable flame-retardant coating
on the surface and in the structure of the fibers.

The resulting composition provides the
formation of an inorganic protective layer that
increases the fire resistance of the textile material
due to the synergistic action of the silicate matrix
and gas-forming components [16].

Measurement of mass, humidity and control

of technological parameters were carried out using
laboratory equipment: drying cabinet SHS-80-01
MK SPU, humidity analyzer MA 210.X2.IC.A
(RADWAG), analytical balance AS 220.R2 PLUS,
as well as hood LAB-1500 SHVN. The air
permeability of textile materials was determined on
the MT-160 device [17], and the discontinuous
characteristics were investigated using the rupture
machine RT-250M.

Results and discussion

As a result of the processing of textile
materials of various fibrous compositions of the
developed  flame-retardant ~ composition, the
formation of a stable functional coating on the surface
and in the structure of the fibers was established.

For cotton material, the original samples
were characterized by high flammability, rapid
ignition and complete burnout without forming a
stable residue. After treatment, there was an
increase in ignition time, a decrease in the intensity
of combustion and the formation of a carbon
residue that preserves the structure of the material.

For the mixed material, the original samples
demonstrated the features of thermal behavior,
expressed in the combustion of the cotton
component and the melting of the polyester phase
with the possible formation of melt drops. After
applying the flame-retardant composition, a
decrease in the speed of flame propagation, a
decrease in the severity of drop fall and partial self-
extinguishing of the material, table 1.

It is established that the differences in fire-
retardant effect are due to the peculiarities of the
fibrous composition. In the case of cotton, the main
mechanism is the formation of a carbon protective
layer under the action of an inorganic-organic
system. For a mixture material, an additional role
is played by the stabilization of the surface of the
polyester phase and the reduction of thermal
destruction due to the barrier action of the coating.

Table 1. Effects of flame-retardant treatment on the behavior of textile materials

No. Sample Composition Time of Nature of combustion Residue after Fire
material ignition, with combustion, protection
% effect
1 100 % cotton untreated 2-4 fast ignLtion, complete absent
urnout 0-5
2 100 % cotton treated 15-20 slow burning, formation 50-65 pronounced
of carbon layer
3 50 % cotton / untreated 3-6 melting-and-dropping absent
50 % PE combustion 5-10
4 50 % cotton / treated 12-16 reducing the intensity of pronounced
50 % PE combustion, partial self- 45-60
extinguishing
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The joint action of liquid glass, melamine
and urea provides the formation of a heat-resistant
protective layer and gas-phase inhibition of the

untreated treated
100 % cotton 100 % cotton

combustion process, which leads to an increase in
the fire resistance of both cellulose and mixed
textile materials, figure 1.

untreated treated
50 % cotton / 50 % PE 50 % cotton / 50 % PE

Figure 1. Comparison of burning of processed and untreated samples of textile materials

As follows from the data presented, flame
retardant treatment leads to an increase in ignition
time, a decrease in the intensity of combustion and
an increase in the residue after thermal exposure for
both cotton material and for mixed fabric. The most
pronounced effect is observed for the cellulose
fibrous composition, which is associated with the
formation of a carbon protective layer. For a
mixture material, a decrease in the effect of droplet
polyester phase is additionally noted.

The influence of flame retardant treatment on
the fracturing characteristics of textile materials of
various fibrous composition, table 2 is investigated.

It is established that after processing there is
a change in the mechanical properties of the
samples. For cotton material, a slight decrease in
burst load was noted, which is associated with the
formation of the surface coating and an increase in
the rigidity of the fiber structure.

Table 2. Disaggregated characteristics of textile materials

For mixed material, the starting samples
demonstrate higher tear load values compared to
pure cotton fabrics, due to the contribution of the
polyester component. After processing, a decrease
in burst load is also recorded, but it remains within
the limits that do not have a critical impact on the
performance properties of the material.

The decrease in strength indices is explained
by a change in the interfiber interaction and a
partial  limitation of the mobility of
macromolecular chains due to the formation of a
functional coating on the surface and in the
structure of the textile material.

Thus, flame retardant treatment leads to a
moderate change in mechanical characteristics
while maintaining the structural integrity of the
materials, which allows us to consider the
developed technology as promising for obtaining
functional textile materials.

No. Sample material Composition Breaking load, H | Elongation at Change after
rupture, % processing

1 100 % cotton untreated 320-380 8-12 -

2 100 % cotton treated 290-340 7-10 decrease of 9-11 %

3 50 % cotton / 50 % PE untreated 380-450 12-18 -

4 50 % cotton / 50 % PE treated 350410 10-15 decrease of 8-9 %
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As follows from the data presented, flame
retardant treatment leads to a slight decrease in
burst load and elongation at rupture for all studied
textile materials. At the same time, the mixed
material demonstrates higher absolute values of
strength characteristics compared to the cotton
material both before and after processing.

The effect of flame-retardant treatment on
the air permeability of cotton and mixed textile
materials, table 3 is investigated. It was established
that after applying a flame-retardant coating, there

Table 3. Air permeability of textile materials

is a decrease in the air permeability of all studied
samples. This effect is expressed both for cotton
material and for mixed fabric.

Raw samples are characterized by higher air
permeability values, due to the open porous
structure of the textile fabric and the absence of
surface barrier layers. After processing, a decrease
in this indicator is recorded, which is associated
with partial filling of the inter fiber space and the
formation of a continuous functional coating on the
surface of the fibers.

No. Sample material Composition Permeability, Change after processing
dm3/(m?-s)

1 100 % cotton untreated 180-220 -

2 100 % cotton treated 160-200 decrease of 9-11%

3 50 % cotton / 50 % PE untreated 200-240 -

4 50 % cotton / 50 % PE treated 180-220 decrease of 8-10 %

As follows from the data presented, the
most noticeable decrease in air permeability was
noted for cotton material, which is due to the high
hygroscopicity and developed capillary structure
of cellulose fibers, contributing to a more
intensive fixation of the flame-retardant layer. In
a mixture material, the decrease in the index is
expressed to a lesser extent, which is due to the
presence of a polyester component that has a
smoother and less porous surface.

Despite the decrease in air permeability, the
obtained values remain within the limits ensuring
satisfactory hygienic and operational properties of
textile materials, which indicates a balanced
nature of the developed flame-retardant treatment,
in which the increase in fire resistance is achieved
without critical deterioration of material comfort.
Thus, fire retardant treatment leads to a natural
decrease in air permeability due to the formation
of a protective coating, which confirms the
successful consolidation of the functional layer on
the surface of textile fibers.

Conclusion

As a result of the studies conducted, the
effectiveness of flame-retardant processing of
cotton and mixed textile materials was established.
It is shown that the application of the developed
composition contributes to the formation of a stable
protective layer on the surface and in the structure
of the fibers, which leads to an increase in the fire
resistance of textile materials.
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For cotton material, a more pronounced
flame-retardant effect is observed compared to the
mixed material, which is manifested in a more
significant decrease in flammability, an increase in
the time to ignition and the formation of a stable
carbon residue that preserves the integrity of the
structure after thermal exposure.

It was also found that flame retardant
treatment leads to a slight decrease in rupture
characteristics and air permeability, which is
associated with the formation of a surface
functional coating and a partial change in the pore
structure of the material. At the same time, the
main performance properties of textile materials
remain at a satisfactory level.

Thus, the developed technology provides a
significant increase in fire safety of textile
materials with minimal negative impact on their
physical, mechanical and hygienic indicators,
which confirms the prospects of its practical
application for the creation of functional textile
materials for various purposes.
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