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Technological solution of the proposed research is based on the use of available raw materials, excludes the 

use of expensive reagents, high temperatures, pressure, special equipment. The article examines the flame retardant 

properties of textile materials treated with imported preparations: Nortex-X (cotton fabric), Nortex-KP (nonwoven 

fabric) and composition of guanidine hydrochloride and sodium phosphoric acid. Research objects: cotton fabric, 

nonwoven material from waste linen and wool fibers, as well as flame retardants and chemical preparations (Nortex-

X (for cellulose fibers), Nortex-KP (for nonwoven material), guanidine hydrochloride and sodium phosphoric acid). 

During the research work, several complex research methods were used; combustion resistance of the material was 

determined in accordance with the requirements of GOST R 50810-95 standard. An scanning focused-beam electron 

microscope JSM-6490LA (Japan) was used to study the surface morphology of textile fibers. IR spectroscopic analysis 

was performed using a Spectrum 65 FTIR spectrometer (Perkin&Elmer). As a result of the study it was found that 

textile materials treated with a composition based on guanidine hydrochloride and sodium phosphoric acid acquire 

high flame retardant properties. Nonwoven fabric treated with Nortex shows improved flame retardant properties. 

However, cotton fabric treated with this preparation does not have flame retardant properties. 

 

Keywords: textile material, nonwoven fabric, cotton fabric, flame retardant, fire resistance, 

flammability, combustion, ignition, flame retardant properties, guanidine hydrochloride, sodium 
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 Ұсынылған зерттеудің технологиялық шешімі қол жетімді шикізатты пайдалануға негізделген, 

қымбат реагенттер, жоғары температура, жоғары қысым, арнайы жабдық қолданылмайды. Мақала 

импорттық Nortex-Х (мақта матасы үшін), Nortex-КП (беймата материалы үшін) және гуанидин 

гидрохлориді мен фосфорлы қышқыл натрий композициясымен өңделген текстиль материалдарының отқа 

төзімділігін зерттеуге арналған. Зерттеу нысандары: мақта матасы, зығыр және жүн талшықтарының 

қалдықтарынан жасалған беймата, сондай-ақ антипирендер және химиялық препараттар (nortex-Х 

(целлюлоза талшықтары үшін), Nortex-KП (беймата үшін), гуанидин гидрохлориді және фосфорлы қышқыл 

натрий). Зерттеу жұмыстарын орындау кезінде бірқатар кешенді зерттеу әдістері пайдаланылды: 

материалдың жануға тұрақтылығы ГОСТ Р 50810-95 талаптарына сәйкес анықталды. Текстиль 

материалдары талшықтарының беткі морфологиясын зерттеу үшін JSM - 6490lА (Жапония) сканерлеу 

растрлық электронды микроскопы қолданылды. ИҚ-спектроскопиялық талдау "Spectrum 65" 

(Perkin&Elmer) ИҚ-Фурье спектрометрінің көмегімен жүргізілді. Зерттеу нәтижесінде гуанидин 

гидрохлориді мен фосфорлы қышқыл натрий композициямен өңделген текстиль материалдары жоғары 

отқа төзімді қасиеттер көрсеткені анықталды. Nortex препараттарымен өңделген бейматаның отқа 

төзімділігі артады. Алайда, осы препараттармен өңделген мақта матасының отқа төзімділігі төмен. 

 

Негізгі сөздер: текстиль материал, беймата материалы, мақта матасы, антипирен, отқа 

төзімділік, тұтану, жану, өртену, оттан қорғау қасиеттері, гуанидин гидрохлориді, фосфорлы 

қышқыл  натрий. 
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Технологическое решение предлагаемого исследования базируется на использовании доступного 

сырья, исключается применение дорогих реагентов, высоких температур, давления, специального 

оборудования. Статья посвящена изучению огнезащитных свойств текстильных материалов, 

обработанных импортными препаратами: Nortex-Х (хлопчатобумажная ткань), Nortex-КП (нетканый 

материал) и композицией из гуанидин гидрохлорида и фосфорнокислого натрия. Объекты исследования: 

хлопчатобумажная ткань, нетканый материал из отходов льняных и шерстяных волокон, а также 

антипирены и химические препараты (Nortex-Х (для целлюлозных волокон), Nortex-КП (для нетканого 

материала), гуанидин гидрохлорида и фосфорнокислый натрий). Пpи выполнении исследовательской 

pаботы использовался pяд комплексных методов исследования; устойчивость к гоpению материала 

определяли в соответствии тpебованиям стандаpта ГОСТ Р 50810-95. Для исследования морфологии 

поверхности волокон текстильных материалов применяли сканирующий растровый электронный 

микроскоп JSM- 6490LA (Япония). ИК-спектроскопический анализ был проведен при помощи ИК-Фурье 

спектрометра “Spectrum 65” (Perkin&Elmer). В результате исследования установлено, что текстильные 

материалы, обработанные композицией на основе гуанидин гидрохлорида и фосфорнокислого натрия, 

приобретают высокие огнезащитные свойства. Нетканый материал, обработанный препаратом Nortex, 

показывает улучшенные огнезащитные свойства. Однако хлопчатобумажная ткань, обработанная 

данным препаратом не обладает огнезащитными свойствами. 
 

Ключевые слова: текстильный материал, нетканый материал, хлопчатобумажная ткань, 

антипирен, огнестойкость, воспламеняемость, горение, возгорание, огнезащитные свойства, 

гуанидин гидрохлорида, фосфорнокислый натрий.   
 

Introduction 

Flammable textile products pose a serious 

fire hazard. They ignite easily, spread flame 

quickly and emit toxic smoke and gases, posing a 

significant threat to life. Large-scale fires due to 

ignition of textile products cause serious 

environmental damage and require evacuation. 

Reducing the risk of fire in domestic environments 

by improving the fire safety of textile products is 

critical to reducing the number of fire-related 

deaths and injuries. Significant progress has been 

made in the development of flame retardant textile 

products [1-5].  

Extensive research is being conducted 

worldwide to improve the flame retardancy of 

natural and synthetic fibers. Most conventional 

flame retardant coatings utilize polymer matrices 

based on acrylic, epoxy, urethane or silicone 

polymers [6-8]. 

Recently, a number of advanced 

technologies such as ultraviolet curing technology, 

plasma technology, physical and chemical vapor 

deposition technology, sol-gel technology, and 

layer-by-layer assembly technology have attracted 

increasing attention in the development of flame 

retardant coatings [9-11]. 

Technological solution of the proposed 

research is based on the use of available raw 

materials, excludes the use of expensive reagents, 

high temperatures, pressure, special equipment.  

The results of research in the form of 

technological developments and innovative 

technical solutions will be in demand at the 

enterprises of the RoK industry. The proposed 

technology will provide a high degree of 

realization of the tasks set in the work, will require 

less material and energy costs in comparison with 

foreign analogues, which are currently involved in 

most enterprises of the industry: starting with the 

purchase of expensive foreign equipment and 

inviting highly paid foreign specialists for their 

implementation of the implemented technologies. 

In this regard, the research task is to develop 

compositions and technology for modification of 

textile and nonwoven materials using available and 

safe for human health preparations.  

Materials methods and research 

Research objects: cotton fabric, nonwoven 

material from waste linen and wool fibers, as well 

as flame retardants and chemical preparations 

(Nortex-X (for cellulose fibers), Nortex-KP (for 

nonwoven material), guanidine hydrochloride and 

sodium phosphoric acid).   
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During the research work, several complex 

research methods were used; combustion 

resistance of the material was determined in 

accordance with the requirements of GOST R 

50810-95 standard. A scanning focused-beam 

electron microscope JSM-6490LA (Japan) was 

used to study the surface morphology of textile 

fibers. IR spectroscopic analysis was performed 

using a Spectrum 65 FTIR spectrometer 

(Perkin&Elmer) [12-15].  

Results and discussion 

The flame retardant properties of textile 

materials treated with imported preparations: 

Nortex-X (for cotton fabric), Nortex-KP (for 

nonwoven fabric) and a composition of guanidine 

hydrochloride and sodium phosphate were studied. 

Based on preliminary studies, a concentration of 20 

g/l guanidine hydrochloride and 10 g/l sodium 

phosphate was selected. The finishing process had 

these conditions: aqueous solution of preparations 

was applied by spraying on the surface of the 

material, then drying at 120 °C for 5 minutes and 

heat treatment at 180 °C on a heat press for 1 

minute. Washing at 450С, 350С, in cold water. 

 

 
1- untreated sample; 2- sample treated after drying and washing;  3- sample treated after heat treatment and washing 

 

Figure 1. Samples of cotton fabric after fire resistance test 
 

When tested for flammability, untreated cotton 

fabric (sample 1) ignites in 15 seconds and burns 

entirely within 20 seconds. Samples treated with 

Nortex-X after drying and after heat treatment 

without washing in the test for flammability, 

independent combustion is reduced to zero, and after 

washing, the samples (samples 2, 3) slowly ignite and 

burn completely in 40 seconds (Figure 1).   
 

 
1- sample treated after drying and washing; 2- sample treated after heat treatment and washing 

 
Figure 2. Photograph of cotton fabric samples treated with guanidine hydrochloride and sodium phosphoric acid 

 

A sample of cotton fabric (sample 1), treated 

with guanidine hydrochloride and sodium 

phosphoric acid and dried at 120°C for 5 minutes, 

ignites when exposed to a burner flame, emitting 

gray smoke upon ignition. But the combustion 

process is much slower compared to the untreated 

fabric sample. The fabric sample (sample 2) treated 

with the proposed composition did not ignite after 

drying and heat treatment at 180 °C for 1 minute 

(Figure 2). 
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1- untreated sample; 2- a sample treated with a compound of guanidine hydrochloride and sodium 

phosphate; 3- sample treated with Nortex-KP 

 
Figure 3. Snapshots of nonwoven fabric samples after testing for fire resistance 

 

When exposed to flame, the nonwoven 

samples treated with guanidine hydrochloride and 

sodium phosphate (sample 2) and Nortex-KP 

(sample 3) did not ignite or char. In contrast, the 

untreated control sample (sample 1) burned, 

emitting gray smoke with a slight odor of burnt 

feathers until it burned completely (Figure 3). 

As a result of the study it was found that 

textile materials treated with a composition based 

on guanidine hydrochloride and sodium 

phosphoric acid acquire high flame retardant 

properties. Nonwoven fabric treated with Nortex-

KP preparation shows improved flame retardant 

properties. However, cotton fabric treated with this 

preparation does not have flame retardant 

properties. 

An ultra-high resolution autoemission 

scanning focused-beam electron microscope was 

used to study the morphological features of 

untreated and treated materials. 

Electron-scanning microscopy results 

showed that the treated samples had altered surface 

morphology compared to the untreated samples 

(Figures 4, 5). Photographic analysis indicated that 

untreated samples had a smooth surface and 

homogeneous structure, while particles from 

sodium phosphoric acid and guanidine 

hydrochloride were observed on the surface of the 

treated materials. 
 

  
a b 

  
c d 

a, b – original samples; c, d – samples treated with guanidine hydrochloride and 

sodium phosphoric acid 

 

Figure 4. Electron microscopic images of cotton fabric fibers  



 

Алматы технологиялық университетінің хабаршысы. 2025. №2. 

 

 

 
214 

   
a b c 

   
d e f 

a, b, c – original samples; d, e, f – samples treated with guanidine  

hydrochloride and sodium phosphoric acid 

 
Figure 5. Electron microscopic images of nonwoven fibers 

 

In order to fully elucidate the interaction of 

the application composition with cellulose fibers, 

IR spectra of samples of initial and treated 

materials were investigated in the work, which are 

presented in Figure 6.  

When the IR spectrum of the solution-

treated fiber is examined, a broad tongue-like peak 

of 3270.94cm-¹ is observed, which is the valence 

vibration signal of the hydroxyl group (-OH), and 

is due to the presence of moisture in the sample. 

The 2900.88 cm-¹ peak corresponds to the C-H 

valence vibration in the methylene group. The 

position of maxima in the interval 3300-2800 cm-¹ 

in both samples coincide. The implicit peak 

between 1700-1600 cm-¹ (typically 1640 cm-¹) in 

sample (a) and sample (b) corresponds to the 

deformation vibration of the hydroxyl group (-

OH).  

In the “fingerprint region” of the spectra, 

indicator peaks of the cellulose structure of the 

samples are observed: asymmetric valence 

vibrations of C-H (1146.81 cm-¹) and symmetric 

valence vibrations of C-H (1099.42cm-¹) in the 

glucose residues of cellulose polysaccharide, as 

well as maxima in the frequency region of 1300-

1250 cm-¹ indicate deformation vibrations of C-O 

groups in the cellulose structure. 

The broad peak of 873.93 cm-¹ characterizes 

the strain vibration of C-O-C bridges, 656.15 cm-¹ 

the strain vibration of C-O-H. All other peaks 

below ~600 cm-¹ are usually attributed to collective 

vibrations of the structure (e.g., linked hydrogen 

bond networks in cellulose). 
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a 

 
b 

 

Figure 6. Graph of IR spectra of cellulose fibers untreated (a) and treated with guanidine hydrochloride and sodium 

phosphoric acid composition (b) 

 

In addition, conducted tests on skin irritating effect of materials treated with the proposed method 

showed its safety for human health (Table 1).  
 

Table 1. Safety indicators of cotton and nonwoven materials 
 

Toxicological 

indicator 

Model 

environment 

Detected concentration 

(toxicity parameters) 

Permissible 

concentration (max.) 

Regulatory documents 

on research methods 

Local skin 

irritant effect 

Water 

extraction 

absent absent Instruction 1.1.11-12-

35-2004 

 

Based on the analysis of the obtained results, 

the treatment of cotton fabric and nonwoven 

material with a composition based on guanidine 

hydrochloride and sodium phosphoric acid 

provides a high degree of fire resistance of treated 

textile materials. 

Conclusion 

Treating cotton fabric and nonwoven 

material with a mixture of guanidine hydrochloride 

and sodium phosphoric acid significantly enhances 

their fire resistance.  

Electron-scanning microscopy images 

reveal that untreated samples have a smooth, 

uniform surface, while treated samples show 

particles of the composition adhering to their 

surface. 

Infrared (IR) spectroscopy analysis indicates 

that the treated fabrics retain all the characteristic 

absorption bands of cellulose. Additionally, new 

absorption bands appear in the spectra of the 

treated samples, indicating the formation of new 

chemical bonds between the cellulose and the 

treatment composition. 
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Мақалада ақылды маталарды қолдану арқылы өнімді 3D модельдеу және виртуалды жобалау 

әдістерінің тиімділігі талданады. «CLO 3D» бағдарламасының мүмкіндіктерін, ақылды маталардың 

қасиеттерін, олардың экологиялық артықшылықтары мен функционалдық ерекшеліктерін зерттеліп, 

нақты нәтижелер көрсетілген. Термохром және рефлектив секілді инновациялық материалдардың 

физико-механикалық қасиеттеріне зерттеу жүргізіліп, ауа өткізгіштігі төмен, бірақ гигроскопиялық 

қасиеті өте жоғары екендігі анықталынды, олардың трансформер-күртеше жобалау үшін жарамдылығы 

негізделген. Мақалада цифрлық жобалау технологияларының тігін өндірісінде уақытты үнемдеу және 

шығындарды азайту үшін әлеуеті жоғары екені айтылған. Сонымен қатар, өнімнің жайлылығы, 

тұтынушы талаптарына сәйкестігі, материалдар мен өндіріс процестерінің өзара байланысы көрсетілген. 

Осылайша, ақылды маталар мен цифрлық технологияларды үйлестіру арқылы болашақтағы өндіріс 

процестерін оңтайландыру жолдары ұсынылады. Зерттеу нәтижесінде ақылды маталардың заманауи сән 

индустриясын дамытудағы рөлі мен олардың қолдану мүмкіндіктері кеңінен сипатталған. Осы 

технологиялар арқылы өндірісте экологиялық тиімділікті арттыру, ресурстарды үнемдеу және 

тұтынушы қажеттіліктерін жоғары деңгейде қанағаттандыру жолдары көрсетілген. Бұл мақала тігін 

өнеркәсібін цифрландыру және заманауи технологияларды қолдану арқылы өнімді жобалаудың жаңа 

әдістеріне жол ашады және жобаланатын ерлер  трансформер күртешесін құрастыруға таңдалған ең 

тиімді CLO 3D бағдарламасында жасалған виртуалды үлгісі ұсынылып отыр. 
 

Негізгі сөздер: 3D модельдеу, виртуалды жобалау, жасанды интеллект, сандық киім, 

диджитал сән, рендеринг, рефлектив, термохром, ақылды мата. 
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