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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. 
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Бұл мақалада целлюлоза талшықтарының материалдарына отқа төзімділік беру үшін тетра-

этоксисилан, натрий дигидрофосфаты және гексаметилендиамин негізіндегі жаңа композицияларды 

қолдану бойынша зерттеу нәтижелері келтірілген. Компоненттер мен температураның матаның отқа 

төзімділігіне әсері зерттелді. Өлшемі 17*22 см болатын өңделмеген үлгі 15 секунд тұтану кезінде 60 

секундта толығымен жанып кетеді, ал өңделген үлгіде оттың баяулауы байқалады. 150 градус тем-

пературада отқа төзімді қасиетін сіңдіру кезеңіндегі концентрациясының жоғарылауымен материалдың 

беріктігі, тыныс алу қабілеті және практикалық көрінісі өзгермейтіні байқалады.  Электронды сканерлеу 

микроскопиясы арқылы отқа төзімді композициялармен өңдегенде, өңделген үлгінің талшықтарын мор-

фологиялық өзгеруіне әкелетіні анықталды және бетіне пленка құралатыны байқалады, ал өз кезегінде 

пленкада Si (25,48%), P (17,61%), Na (1,70%) бөлшектері пайда болады. Мақта маталарын өңдеудің 

оңтайлы шарттары анықталды, қолданылған еріту концентрациясының, сіңдіру температурасының 

және термофиксациясының матаға отқа төзімді қасиет беру әсері зерттелді, сонымен қатар өңдеу 

жүргізу процессі кәсіпорындар мен зертхананың стандартты жабдықтарында жүзеге асыруға мүмкіндігі 

бар. Тетраэтоксисилан, натрий дигидрофосфаты және гексаметилендиамин негізіндегі композициямен 

өңделген мақта материалдары отқа төзімділікті жеткілікті қамтамасыз етеді.  
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тетраэтоксисилан, гексаметилдиамин, натрий дигидридфосфаты. 
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В данной статье представлены результаты исследовании по использованию новых композиций на 

основе тетраэтоксисилана, дигидрофосфат натрия и гексаметилендиамина для придания огнестойко-

сти материалам целлюлозных волокон. Были исследовано влияние компонентов и температуры на огне-

стойкость ткани. Необработанный образец с размером 17*22 см при воспламенении 15 секунд полностью 

сгорает за 60 секунд, а у обработанного образца замечается замедление. С увеличением концентрации ог-

незащитных пропиток при температуре 150 градусов прочность материала, вохдухопроницаемость и 

внешний вид практический не меняются. При помощи электронно- сканирующего прибора было установ-

лено, что на поверхности волокон обработанного образца наблюдается морфологические изменение, в 

виде пленки, которые в свою очередь содержать частицы Si (25,48%), P (17,61%), Na (1,70%). Определены 

оптимальные условия обработки тканей, исследовано влияние концентрации рабочего раствора, темпе-

ратуры пропитки и термофиксации на огнезащитные свойства ткани, также обработка может осу-

ществляется на стандартном оборудовании отделочных предприятий и лаборатории. Хлопчатобумаж-

ные материалы, обработанные составом на основе тетраэтоксисилана, дигидрофосфат натрия и гекса-

метилендиамина, обеспечивает достаточную огнестойкость.  

 

Ключевые слова: хлопчатобумажные материалы, огнезащитные свойства, огнестойкий 

эффект, тетраэтоксисилан, гексаметилдиамин, дигидридфосфат натрий.  

 

Introduction  

In today's world, safety is one of the most 

important factors in the production and use of tex-

tile materials. Flame retardant treatments and 

technologies applied during textile manufacturing 

have become crucial tools in ensuring safety. 

Research into the safety of textile materials 

with flame retardant properties is of great im-

portance, as the proper selection and application 

of such materials can save lives in the event of fire 

or other emergencies. Giving flame retardant and 

antimicrobial properties to materials can play a 

major, positive role in the home. The use of this 

kind of textile materials is beneficial and safe for 

society. According to the results of scientific arti-

cles, the authors  note that the use of textile with 

complex properties solves a number of problems, 

such as environmental and economic aspects.     

The challenge of bestowing flame-retardant 

properties to textiles of various compositions and 

uses is becoming increasingly significant. This im-

portance stems from the fact that textile materials 

pose a serious fire hazard due to their high flamma-

bility, their role in flame propagation, and their ten-

dency to produce large amounts of smoke and toxic 

gases when burned. Statistics reveal that a signifi-

cant portion of fires, over 38%, occur in residential 

and public buildings, with residential structures 

alone accounting for over 70% of these incidents. 

With the expansion of polymeric material 

(PM) production and their widespread application 

across construction, industry, and transportation, the 

focus on developing materials with reduced fire haz-

ards and predefined fire-resistance properties has 

become a priority. Textiles are used in numerous 

applications, including domestic, industrial, trans-

portation, and specialized protective equipment. Cel-

lulose-containing fabrics have excellent properties, 

due to these properties are of interest to others, for 

example, they have the ability to renew raw materi-

als, also environmental important aspect as recycling 

of production waste, as well as thermal, hygienic 

physico-chemical, also mechanical. Moreover, natu-

ral fibers, polymers, and bio-based fillers are com-

pletely biodegradable. 

Researchers have recently turned their atten-

tion to fire-retardant natural fibers and bio-based 

composite materials. Polymers like polyurethane 

foam and fiber fabrics are notably flammable and 

produce significant amounts of droplets that can es-

calate fire spread rapidly. Thus, there is a critical 

need for high-performance flame retardants or 

flame-retardant technologies to ensure the safety and 

reliability of polymer-based composites. Environ-

mentally friendly, layer-by-layer flame retardant 

coatings are particularly promising as they enhance 

the flame-retardant properties of polymers without 

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, ISO, 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 

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 ((C2H5O)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 

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%.  

 

       
a)                                                                             b) 

 
                                                                           c) 

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

resolution. 
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a)                                                                                                   b) 

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 

 

 
 

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  

 

 
 

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 

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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