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This article discusses the findings of a study that explored the use of new compositions containing tetraethox-
ysilane, sodium dihydrogen phosphate, and hexamethylenediamine to improve the flame retardancy of cellulose fi-
ber materials. The impact of different components and temperatures on the fire-resistant properties of the fabric was
examined. In an untreated sample measuring 17*22 cm, ignition occurred in 15 seconds and the fabric burned com-
pletely within 60 seconds, whereas a treated sample showed signs of retardation. Increasing the concentration of
flame retardant impregnation at a temperature of 150 degrees had minimal effects on the material’s strength, air
permeability, and appearance. With the help of electron scanning device it was found that on the surface of the fi-
bers of the treated sample morphological changes were observed in the form of film, which in turn contain particles
of Si (25.48%), P (17.61%), Na (1.70%). The optimum conditions of fabric processing are determined, the influence
of concentration of working solution, impregnation and thermofixation temperature on flame retardant properties
of fabrics investigated, also processing can be carried out on standard equipment of finishing enterprises and la-
boratories. Cotton materials treated with a compound based on tetraethoxysilane, sodium dihydrophosphate and
hexamethylenediamine provides adequate fire resistance.

Keywords: cotton materials, flame retardant properties, fire-resistant effect, tetraethoxysilane,
hexamethyldiamine, sodium dihydride phosphate.

OTKA TO3IMII KACHUETI BAP TOKBIMA MATEPUAJIJIAPBIHBIH
KAYHICI3AIT'TH 3EPTTEY

M.E. BAUMAXAHOBA, UM. JDKYPUHCKAA, B.P. TAYCAPOBA

(AMAaTBbI TeXHOJOTUSUILIK YHUBepcuTeTi, Kazakcran, 050012, Anmarsi, Tose bu 100)
ABTOpP-KOPPECIOHICHTTIH 31eKTpoH/IIK momrrackl: moldir.baymakhanova@mail.ru*

byn makanaoa uennionoza manublKmapolHblY MamepuanoapbulHa omKa me3imoinik oepy ywiin mempa-
ImoKcucunamn, Hampuii ouzuopodocghamel rHcone 2eKcamemuieHOUAMUH HeZi3iHOe2i HeaHa KOMNOZUUUAAPObL
Koa10any Ooiivinuwa 3epmmey Hamudicenepi kenmipinzen. Komnonenmmep men memnepamypanvly Mamanvly omKa
meo3imoinizine acepi zepmmendi. Onuwemi 17%22 cm 6onamvin oendenmezen ynci 15 cekyno mymany keszinde 60
CEKYHOmMa MOoJIbI2bIMEN JHCAHbIn Kemeoi, an oHoenzen ynzioe ommuly Oasaynrayvl Oaiikanadwt. 150 zpadyc mem-
nepamypada omxka me3imoi Kacuemin Cinoipy Ke3eHinoe2i KOHYEeHMPAUUACLIHBLY HCOAPLLIAYbIMEH MAMEPUAIObIH
bepikmizi, mpinvic any Kabinemi yHcone nPAKMUKAIbIK KOpinici 032zepmenmini daikanadvl. I1eKmpoHosvl cKanepaey
MUKPOCKORUACHL APKbLIbL OMKA MO3IMOI KOMNOZUUUAIAPMEH OHOe2eHOe, OHOeN2eH YZIHIY MATbIKIAPbLIH MOpP-
donocuanvik 032epyine akenemini aHbIKManovl Hcane demine NIEHKA KYpaniamuvluvl 0aiuKaniaovl, an 03 Keszecinoe
nnenxaoa Si (25,48%), P (17,61%), Na (1,70%) oGonwexmepi naiida 6onadvi. Maxma mamanapvli oHOeyOiH
OHMAbl WAPMMAPLl AHLIKIMANObl, KOJIOAHBIIZAH epimy KOHUEHMPAUUACHIHBIH, CIHOIpYy memMnepamypacvlHbly
JHCaHe MepMOPUKCAUUACLIHBIY, Mamaza omKa meo3imoi Kacuem Oepy acepi 3epmmenioi, COHbIMEH Kamap oHoey
AHCyp2izy npoyecci KacinopulHOap MeH 3ePMXAHAHbIY, CHAHOAPMMbL HCADOBIKMAPLIHOAQ Jicy3eze acvlpy2a MyMKIHOI2I
oap. Temparmokcucunan, nampuit ouzuopogocghameul >cone 2eKcamemuneHOUAMUN HeZi3iH0e2i KOMRO3ZUYUAMEH
OHOEJIZEH MAKMaA MaAmMepuandapsl Oomxa me3imoinikmi ycemKinikmi Kammamacol3 emeoi.

Heri3ri ce3mep: Makra MmaTepuajaapbl, OTKa Te3iMIi KacueTrTep, OTKa Te3iMai acep,
TeTPAITOKCUCHIIAH, FTeKCaMeTHIANAMMH, HATPUi Auruapuadocdarsl.
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MATEPHAJIOB C OTHE3AIIUTHBIM CBOUCTBOM

M.5. BAUMAXAHOBA, UM. JDKYPUHCKAA, 5.P. TAYCAPOBA

(AnmMaTHHCKHIl TeXHOJIOrHYecKHii yHuBepcuTeT, Kazaxcran, 050012, Anmarsl, Tosie Bu 100)
DeKTpoHHas TIouTa aBTopa-koppecmnonaenta: moldir.baymakhanova@mail.ru*

B oaunoii cmamuve npedcmasnenst pe3yiomamsl UCCIE008AHUL NO UCHOTb306AHUI0 HOBbIX KOMNO3UUUI HA
OCHO6e memparmoKcucunana, ouzuopogocpam nampusa u 2eKcamemuieHOUAMUHA ONA NPUOAHUA OZHECHOUKO-
cmu mMamepuanam yeuniono3Hsix 6010KoH. bvliu uccnedosano enuanue KOMROHEHNO8 U MeMnepamypsl Ha OZHe-
cmoitkocmb mxanu. Heoopadomannwtii oopaszey c pazmepom 17*22 cm npu éocnaamenenuu 15 cekyno noanocmoito
ceopaem 3a 60 cekyno, a y oopabomannozo oopasya 3ameuaemcs 3ameonernue. C ygeauueHuem KOHYUSHMpauuu oz-
He3aUWUMHBIX RPONUMOK npu memnepamype 150 zpadycoé npounocms mamepuana, 60X0yXOnpoHUUAEMOCHb U
6HeWHNUIl 6u0 npakmuueckuii He mensromcs. Ilpu nomowu I1eKMPORKO- CKAHUPYIOW|e20 npudopa OvLI0 YCManos-
JIeHO0, YMO HA NOGEPXHOCHMU 60JI0KOH 00pabomannozo odpazua Habaiwoaemca mopgonozuuecKkue usmenenue, 6
6uOe NeHKU, KOMOopble 8 C60I0 ouepeds codepracamn wacmuynbl Si (25,48%), P (17,61%), Na (1,70%). Onpeodenenn
onmumanbvHble YCio8ua 00padomKu mKaHell, UCC1e008aHO 6IUAHUE KOHUEHMpPAyuu padouezo pacmeopa, memne-
Pamypol nPONUMKU U MEPMOPUKCAUUU HA OZHe3AujUmHble CEOUCMEA MKAHU, MAKX}ce 00pAdOmMKA MOodHCem ocy-
wecmenaemca Ha CMandapmHuom 000py00eanuu Omoe104HbIX npeonpuamuil u aadopamopuu. Xi0nuamooymasic-
Hble Mamepuanvl, 06padOmManHble COCMABOM HA OCHOBE MEMPAIMOKCUCUTIAHA, OUZUOPOpocham nampus u 2eKkca-
MemuieHOuamMuHa, obecneuugaem 00CMAMOYHYI0 02HECOUKOCH b,

Kuruesble cioBa: xJ10m4aTodyMa:kKHble MaTepUAJIbl, OTHE3AINTHbIE CBOICTBA, OrHECTOMKUIA
3¢ deKT, TETPAITOKCHCWIAH, TeKCAMEeTWIAMaMUH, Auruapuadgocdar HaTpuUii.

Introduction With the expansion of polymeric material
In today's world, safety is one of the most (PM) production and their widespread application
important factors in the production and use of tex- across construction, industry, and transportation, the
tile materials. Flame retardant treatments and focus on developing materials with reduced fire haz-
technologies applied during textile manufacturing ards and predefined fire-resistance properties has
have become crucial tools in ensuring safety. become a priority. Textiles are used in numerous
Research into the safety of textile materials applications, including domestic, industrial, trans-
with flame retardant properties is of great im- portation, and specialized protective equipment. Cel-
portance, as the proper selection and application lulose-containing fabrics have excellent properties,
of such materials can save lives in the event of fire due to these properties are of interest to others, for
or other emergencies. Giving flame retardant and example, they have the ability to renew raw materi-
antimicrobial properties to materials can play a als, also environmental important aspect as recycling
major, positive role in the home. The use of this of production waste, as well as thermal, hygienic
kind of textile materials is beneficial and safe for physico-chemical, also mechanical. Moreover, natu-
society. According to the results of scientific arti- ral fibers, polymers, and bio-based fillers are com-
cles, the authors note that the use of textile with pletely biodegradable.
complex properties solves a number of problems, Researchers have recently turned their atten-
such as environmental and economic aspects. tion to fire-retardant natural fibers and bio-based
The challenge of bestowing flame-retardant composite materials. Polymers like polyurethane
properties to textiles of various compositions and foam and fiber fabrics are notably flammable and
uses is becoming increasingly significant. This im- produce significant amounts of droplets that can es-
portance stems from the fact that textile materials calate fire spread rapidly. Thus, there is a critical
pose a serious fire hazard due to their high flamma- need for high-performance flame retardants or
bility, their role in flame propagation, and their ten- flame-retardant technologies to ensure the safety and
dency to produce large amounts of smoke and toxic reliability of polymer-based composites. Environ-
gases when burned. Statistics reveal that a signifi- mentally friendly, layer-by-layer flame retardant
cant portion of fires, over 38%, occur in residential coatings are particularly promising as they enhance
and public buildings, with residential structures the flame-retardant properties of polymers without
alone accounting for over 70% of these incidents. altering their intrinsic characteristics.
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Cellulosic fabrics are not only affordable but
also possess numerous beneficial properties, making
them a popular subject of study among researchers.
This raw material is derived from renewable plant
sources, highlighting its sustainability.

Efforts to improve the flame retardancy of
textiles have been ongoing for decades, focusing
on incorporating flame retardants into fiber matri-
ces or modifying the surfaces of textiles directly.
A variety of flame retardants, including inorganic
and organic types, are utilized to impart effective
flame resistance to textiles. Common inorganic
flame retardants contain elements such as phos-
phorus, bromine, iron, and carbon. Frequently
used organic flame retardants include those that
are halogenated or contain phosphorus, nitrogen,
or silicone.

In summary, enhancing the flame-retardant
properties of textiles is a critical area of research
due to their widespread use and inherent fire haz-
ards. Advances in environmentally friendly flame
retardant technologies are paving the way for saf-
er, more reliable textile applications. [9].

Currently, global standards encompass reg-
ulations that define the fire hazard metrics for tex-
tile materials. These metrics are influenced by
various factors, including the chemical structure
of the materials, product geometry, environmental
conditions, ignition sources, and exposure dura-
tion. As a result, over 100 laboratory methods (na-
tional, 1SO, EN, IMO, etc.) are employed world-
wide to determine the combustion and ignition
characteristics of textiles.

There has been notable progress in develop-
ing textile materials with flame-retardant proper-
ties. According to statistical data, efforts to impart
flame retardant attributes to textiles have achieved
considerable success. However, the need for en-
hanced fire-retardant solutions persists as the in-
dustrialization of novel flame retardants is a com-
plex task, requiring factors such as high efficacy,
low smoke emission, minimal toxicity, biocom-
patibility, cost-efficiency, and wash durability.

Nearly all textile materials are flammable
and can ignite when exposed to low-power igni-
tion sources, with flames readily spreading across
their surfaces. Consequently, fires in indoor envi-
ronments often commence with the ignition of
textile products. Additionally, the combustion of
textile materials releases hazardous chemicals and
smoke, which significantly hampers evacuation
efforts and poses a substantial risk during fires.

To mitigate fire risks effectively, it is more
advantageous to use textiles with built-in flame-
retardant properties. Such materials are suitable

179

for various applications, including furniture up-
holstery, wall coverings, curtains, carpets, and
other home interiors. Utilizing these flame-
retardant textiles can slow the spread of fire,
providing crucial extra minutes for evacuation or
fire suppression.

Research by Swiss scientists indicates that
incorporating chemical elements such as halogens
(P, Br, S, N) and metals into the composition of
non-flame-retardant fabrics can render them fire-
resistant. The goal of ongoing research is to de-
velop textiles with inherent flame-retardant prop-
erties. The proposed approach involves using tet-
raethoxysilane as the primary reagent for compo-
nent preparation, acetic acid as a hydrolysis cata-
lyst, and other chemical substances capable of
reducing textile flammability.

This ensures that textiles with flame-
retardant properties can significantly improve fire
safety by delaying combustion and providing cru-
cial intervention time during fire incidents.

Materials and research methods

The research focuses on bleached, unfin-
ished cotton fabric, specifically article 1030. This
cotton fabric has the following structural charac-
teristics: a width of 220 cm, a plain weave pattern,
and a composition of 100% cotton. The study also
examines chemical substances designed to reduce
fabric flammability and minimize the formation of
toxic combustion byproducts.

Tetraethoxysilane ((C2H50)4Si) is a sim-
ple ester derived from orthosilicic acid and ethyl
alcohol. It appears as a volatile, transparent, color-
less liquid with a distinctive spicy-sweet, some-
what alcohol-like odor. Sodium dihydrogen phos-
phate (NaH2PO4) is an inorganic compound that
forms colorless crystals, easily soluble in water,
and can create crystalline hydrates. Hexameth-
ylenediamine, with the formula NH2(CH2)6NH2,
resembles piperidine and is characterized by col-
orless crystals with an amine odor. It is readily
soluble in organic solvents.

The procedure for treating the cotton fabric
with a sol-gel composition involved immersing cot-
ton samples in a bath containing tetraethoxysilane
(98.5%), acetic acid (99.7%), and sodium hydrogen
phosphate. This was followed by the application of
hexamethylenediamine solutions for 7 minutes, after
which the samples were wrung to 90% humidity.
The fabric samples were then dried at 80-85°C for 6
minutes and subsequently heat-treated at 140°C and
150°C for 3 minutes. Finally, the fabric was washed
thoroughly with distilled water and dried at room
temperature.
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Flammability and combustion resistance of
fabric and nonwoven materials were tested ac-
cording to GOST R 50810-95. This standard in-
cludes combustible decorative and textile materi-
als, which are also intended for ordinary con-
sumption in everyday life.

Tensile strength tests of the fabric samples
were conducted using the RT-250M-2 tensile ma-
chine, which moves the lower clamp uniformly at
a speed of 250 mm per minute, following GOST
8847-85 guidelines. An electron-microscopic
study was conducted using a JEOL JSM-6510LA
scanning electron microscope (SEM) manufac-
tured by JEOL (Japan). Air permeability meas-
urements were performed using an MT 160 de-
vice, in accordance with GOST 12088-77.

By following these methods, the study aims
to enhance the flame retardant properties of the
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cotton fabric while maintaining its structural and
functional integrity.

Results and discussion

Research indicates that untreated fabric ig-
nites within 15 seconds and is completely consumed
by flames in 60 seconds. In contrast, samples treated
with a flame retardant exhibit delayed ignition.

On the surface of fibers of the treated sample
in comparison with untreated fabric morphological
changes are observed - a transparent film, as evi-
denced by electron microscopic images (Fig.1). Ac-
cording to the images it can be observed that the
untreated material (cotton fabric) shows 67.8 % car-
bon and 29 % oxygen. However, treated fabric sur-
faces contain additional particles, specifically Si
(25.48%), P (17.61%), and Na (1.70%).

As the concentration of the flame retardant in
the modifying composition increases, the phospho-
rus content in treated samples also rises to 17.61%.

SEl  3.0kV WDémm SS50 7
General Sample 20000, 28 May'2024

Figure 1. Electron-microscopic images of the surface of the fabric treated with flame retardandt composition of different

resolution.
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Figure 2. Electron microscopic images of fabric modified with flame retardant composition (a), energy dispersive mi-

croanalysis (b)

Table 1. Results of energy dispersive analysis of samples modified with fire retardant impregnation

Flame - Weight fraction, % Atomic fraction, %
Ne | retardant, gl | C 0 Na [si [P C 0 Na [si [P
1 | Original sample | 67.8 |29 726 |25.8
2 | NaH,PO, 4271|1349 1,70 | 2548|1761 | 6022|1428 1,51 |15.26] 9.63

Tensile strength tests revealed that the un-
treated fabric has a breaking load of 294.3 N.
Post-treatment at 150°C, this value marginally
increases to 303.1 N (Table 2). Although the ap-
pearance of the fabric remains largely unchanged
with higher concentrations of flame retardant
treatments, there is a slight reduction in fabric
strength.

The study confirms that the investigated
modifying components, when applied in specific
dosages, significantly enhance the fabric's flame
retardancy. The air permeability for untreated cot-
ton fabric is recorded at 188.6 dm3/m2s, while it
slightly decreases to 183.5 dm3/m2s for the treat-
ed fabric. These values remain within the hygienic
safety standards for such materials. (Table 2).

Table 2. Test results of samples impregnated with fire retardant composition

Concentration of substances, g/l Air Length of charred | Breaking load, N
permeability, area, mm
dm?/m?s
Head treatment temperature, " C
Ol'i.gillﬂl sample 188. 6 272 294,3
1| C:H50)4Si Na H:POy | NH:(CH:)sNH2) 140 150 140 150 140 150
2| 20 120 50 1835 181 125 115 3027 3031

The formation of a thin polymer film on the
fibers of cotton fabric can significantly enhance its
properties, including strength, moisture resistance,
and heat tolerance. Alterations in the morphology of
treated samples suggest potential changes in their
physicochemical characteristics, which could be
advantageous for various applications.

Evaluating the elemental content before and
after modification of the cotton fabric provides
insights into the effectiveness of the treatment
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process and the impact of added components on
the material's composition and structure. The
presence of Si, P, and Na particles on the treated
fabric surface indicates interactions between the
modifier and the fabric, potentially leading to the
formation of new compounds that may alter the
material's properties.

Conclusion

A novel flame retardant composition, com-
prising tetraethoxysilane, sodium dihydrophos-
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phate, and hexamethylenediamine, has been de-
veloped specifically for cellulose materials. Nota-
bly, sodium dihydrophosphate significantly en-
hances the flame-retardant properties when com-
bined with hexamethylenediamine, achieving the
desired protective effect.

This composition changes morphologically
the surface of the fibers, as evidenced by electron
microspot images. The work also took into ac-
count the parameters of work concentration, im-
pregnation process, temperature, thermofexation,
which had an influence on the imparting of flame
retardant properties to the material. It is also im-
portant to consider that this experiment can be
carried out in ordinary laboratories using standard
equipment.

This newly proposed composition offers
superior fire resistance performance for cellulose-
based textiles.
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