AJIMATBI TEXHOJOTMSUIBIK YHUBEPCUTETiHIH Xxabapmbichl. 2025, Ne2,

MPHTMU 64.29.23 https://doi.org/10.48184/2304-568X-2025-2-210-217

RESEARCH OF FIRE RESISTANCE OF TEXTILE MATERIALS
TREATED WITH DIFFERENT FLAME RETARDANTS

P

, N.ZH. ASSANKHAN *

25

p_

A. BURKITBAY , .M. JURINSKAYA
(Almaty Technological University,
Kazakhstan, 050012, Almaty, 100 Tole bi str., 100)
Corresponding author’s e-mail: asemka76@mail.ru*

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&EImer). 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
phosphoric acid.

OPTYPJII AHTUIIMPEHJAEPMEH OHJAEJTI'EH TEKCTUJIb
MATEPUAJIJAPBIHBIH OTKA TO3IMAUIIT'TH 3EPTTEY

A. BYPKITEAH, UM. JUKYPUHCKAA, HK. ACAHXAH™

(AJIMaTBI TEXHOJIOTUSIBIK YHUBEPCHTETI,
Ka3akcran Pecnyonmkacel, 050012, Asimarel K., Tese 6u 100)
ABTOP-KOPPECTIOHICHTTIH 3JEKTPOH/IBIK momrTackl: asemka76@mail.ru*

¥evinvinean 3epmmeyodin, mexnonocuanvlk wiewinmi Ko ycemimoi wiukizammeul naioananyza Hezizoeszem,
Kblmbam peazenmmep, HCOApbl MEMHEPAMYPA, HCOAPLL KbICLIM, APHALbL HCADOBIK Ko0anvimaiiovl. Makana
umnopmmulx, Nortex-X (makma mamacwt yuwiin), Nortex-KII (6eiimama mamepuanvt ywtin) dncone ZyaHuouH
2UOpoxnopudi meH hocghopnvl KbluiKbli HAMPUTL KOMHOZUUUACLIMEH OHOEI2eH MEKCMUIb MAMEPUAIOAPbIHbLY OMKA
me3imoinizin 3epmmeyze apHanzan. 3epmmey HbICAHOAPBL: MAKIA MAMACHL, 3bI2bIP HCIHE HCYH MATULLIKIMADLIHBIH
Kan0blKMapvulHAH MHeaAcanzan 0Oeimama, COHOAU-aK, AHMURUPEHOep JHCoHe XUMUANLIK npenapammap (nortex-X
(yennionosa manwvikmapuot yutin), Nortex-KII (beiimama ywin), cyanuoun 2udpoxnopudi sycane pocghopivt KblitKpli
Hampuil). 3epmmey dHcyMbICMAPBIN OPLIHOAY Ke3inde Oipxamap KeuieHOi 3epmmey 20icmepi naioananvliowl:
mamepuanoviy dncanyza mypakmolivizel 'OCT P 50810-95 mananmapeina caiikec anvikmanowl. Texcmuib
Mamepuanoapvl maauiblKmapeluvlyy 6emki mopgonozusacein 3epmmey yuwiin JSM - 6490I4 (Kanonun) cxaunepney
DpacmpavlK  INeKmpoOHObl  MUKPOCKOnbl  Kondanwliovl. HK-cnekmpockonuanvlt manday "Spectrum 65"
(Perkin&Elmer) HK-Dypve cnexkmpomempiniyy, Komezimen ucypizindi. 3epmmey Hamudicecinoe 2yanuoun
2UOPOXTIOpUOL MeH Pocopbl KblKbll HAMPUIL KOMROZUUUAMEH OHOEI2eH MEKCMUIb MAMEPUALOapbl Heo2apbl
omKa me3imoi Kacuemmep KopcemrkeHi anHblKmanovl. Nortex npenapammapviMen oHOeNzeH Oelmamansly omKa
me3imoinizi apmaowl. Anaiioa, ocvl npenapammapmen OHOeNA2eH MAKMa MAMACLIHBIY OMKA MO3IMOiNizi momeH.

Herisri ce3aep: TekcTwib MaTepual, OeiiMaTta MaTepuaJibl, MAKTAa MaTAChl, aHTUNIMPEH, 0TKA

TO3iMaLTIK, TYTaHy, ’KaHy, OPTEHY, OTTAH KOPFay KacHeTTepi, ryaHuauH ruapoxsjopuii, gocdopinl
KbIIIKBLJI HATPHIA.
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HCCJIEJJOBAHUE OTHECTOMKOCTH TEKCTUJIbHBIX MATEPUAJIOB,
OBPABOTAHHBIX PA3JIMMHBIMU AHTUIIMPEHAMMU

A. BYPKUTBAU, UM. JDKYPUHCKASA, H)K. ACAHXAH

(ANMATHHCKHUI TEXHOJOTHYeCKU YHUBEPCUTET,
Pecnydsnmka Kazaxcran, 050012, r. Anmartel, yi. Tose 6u, 100)
DneKTpoHHAs MOYTa aBTOpa-KoppecnonaenTa: asemka76@mail.ru*

Texnonozuueckoe peuwienue npeonNazaemozo UCc1e008anus OA3UPyemca HA UCRONbIOGAHUU OOCHYRHOZ0
CoIpbA, UCKNIOYAEMCA NPUMEHEHUE O00pPO2UX peazeHmos, GLICOKUX memnepamyp, OAaenAeHUsa, CHREYUAIbHO20
obopyoosanua. Cmambva NOCEAWEHA UYUEHUIO OZHE3AUIUMHBIX CE0UCME MEKCHUIbHLIX MAmepuaos,
obpabomannvix umnopmuvimu npenapamamu: Nortex-X (xnonuamooymayxcuan mkany), Nortex-KII (nemkanwiit
Mmamepuan) u KOMRO3UYUell U3 2yanuoun 2uopoxaopuoa u gocgopnokucinozo nampus. Oovekmol uccied08anus:
XJI0NYAMOOYMAIHCHAA MKAHb, HEMKAHLLL MAMEPUAN U3 OMX0008 JbHAHBIX U WEPCMAHBLIX 60JI0KOH, G MAKice
anmunupenst u xumuueckue npenapamel (Nortex-X (0nsa yennionosuvix eo10kon), Nortex-KII (ons nemxarnozo
Mmamepuana), 2yanudun 2udpoxiopuda u gocgopnoxucaviii nampuit). Ilpu evinonnenuu ucciedo8amenscKoi
pabomul UCRONB306ANCA PAO KOMNIAEKCHBHIX MEMO008 UCCIe008AHUA; YCHIOUUUBOCHb K 20PEHUI0 Mamepuana
onpedenanu 6 coomeemcmeuu mpeoosanusm cmanoapma I'OCT P 50810-95. /Ina uccredosanun mopgonozuu
NOBEPXHOCMU 60JI0KOH MEKCHMUIbHbIX MAMEPUAI08 NPUMEHANU CKAHUPYIOWUIL PAcmposslil I1eKMpPOHHbLI
mukpockon JSM- 6490LA (Anonusn). HK-cnekmpockonuueckuii ananus ovin nposeden npu nomouwiu UK-Dypove
cnekmpomempa “Spectrum 65” (Perkin&Elmer). B pezynomame uccinedosanus ycmanoeneno, 4mo mekcmuibHvle
Mmamepuanst, 00padomanHvle KOMRO3UYUEN HA OCHOGE ZYAHUOUH 2UOPOXTIOPUOA U (PocdhopHOKUCI020 Hampus,
npuoopemarom gvlcokue ozHezaujummusle ceolicmea. Hemkanwolii mamepuan, oopabomannuiii npenapamom Nortex,
nokasvigaem ynyyuieHHvle OcHe3aujummuule ceolicmea. OOHAKO XNONUAMOOYMANCHAA MKAHL, 00padomannan
OAHHBIM NPEnApamom He 001a0aem 0ZHE3AUUMHBIMU CEOUICIEAMU.

KuroueBble c10Ba: TEKCTHIBHBINA MaTepHuaJl, HeTKAHbIN MaTepuas, XJ10M4aTo0yMaKkHAs TKaHb,
AHTHIIHPEH, OTHECTONKOCTh, BOCIUIAMEHSeMOCTb, FOpeHHe, BO3rOpaHUe, OrHe3alMTHbIE CBONCTBA,
TYaHUJIUH THAPOXJIopHAa, pochopHOKHMC/IbIH HATPHIA.

Introduction Technological solution of the proposed
Flammable textile products pose a serious research is based on the use of available raw
fire hazard. They ignite easily, spread flame materials, excludes the use of expensive reagents,
quickly and emit toxic smoke and gases, posing a high temperatures, pressure, special equipment.
significant threat to life. Large-scale fires due to The results of research in the form of
ignition of textile products cause serious technological developments and innovative
environmental damage and require evacuation. technical solutions will be in demand at the
Reducing the risk of fire in domestic environments enterprises of the RoK industry. The proposed
by improving the fire safety of textile products is technology will provide a high degree of
critical to reducing the number of fire-related realization of the tasks set in the work, will require
deaths and injuries. Significant progress has been less material and energy costs in comparison with
made in the development of flame retardant textile foreign analogues, which are currently involved in
products [1-5]. most enterprises of the industry: starting with the
Extensive research is being conducted purchase of expensive foreign equipment and
worldwide to improve the flame retardancy of inviting highly paid foreign specialists for their
natural and synthetic fibers. Most conventional implementation of the implemented technologies.
flame retardant coatings utilize polymer matrices In this regard, the research task is to develop
based on acrylic, epoxy, urethane or silicone compositions and technology for modification of
polymers [6-8]. textile and nonwoven materials using available and
Recently, a number of advanced safe for human health preparations.
technologies such as ultraviolet curing technology, Materials methods and research
plasma technology, physical and chemical vapor Research objects: cotton fabric, nonwoven
deposition technology, sol-gel technology, and material from waste linen and wool fibers, as well
layer-by-layer assembly technology have attracted as flame retardants and chemical preparations
increasing attention in the development of flame (Nortex-X (for cellulose fibers), Nortex-KP (for
retardant coatings [9-11]. nonwoven material), guanidine hydrochloride and

sodium phosphoric acid).
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During the research work, several complex
research methods were wused; 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 45°C, 35°C, in cold water.

1- untreated sample; 2- safnple 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
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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 — original samples; c, d — samples treated with guanidine hydrochloride and
sodium phosphoric acid

Figure 4. Electron microscopic images of cotton fabric fibers
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a, b, ¢ — 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-! 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 c¢cm-' peak corresponds to the C-H
valence vibration in the methylene group. The
position of maxima in the interval 3300-2800 cm-'
in both samples coincide. The implicit peak
between 1700-1600 cm-! (typically 1640 cm-') in
sample (a) and sample (b) corresponds to the
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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-') and symmetric
valence vibrations of C-H (1099.42cm-') in the
glucose residues of cellulose polysaccharide, as
well as maxima in the frequency region of 1300-
1250 cm-' indicate deformation vibrations of C-O
groups in the cellulose structure.

The broad peak of 873.93 cm-' characterizes
the strain vibration of C-O-C bridges, 656.15 cm-!
the strain vibration of C-O-H. All other peaks
below ~600 cm-! are usually attributed to collective
vibrations of the structure (e.g., linked hydrogen
bond networks in cellulose).
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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 Model Detected concentration Permissible Regulatory documents
indicator environment (toxicity parameters) concentration (max.) on research methods
Local skin Water absent absent Instruction 1.1.11-12-

irritant effect extraction 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
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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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Maxanaoa akpnovl mamanapost Ko10awy apkpliavl oHimoi 3D modenvdey incone eupmyanowt dincodanay
a0icmepiniy muimoinizi manoanaovl. «CLO 3Dy 6azoaparamacvinvly MyMKIHOIKMEPIH, aKbll0bl Mamdaaapobly
KacuemmepiH, 01apobl IKOJI0ZUAIBIK APMBIKUBLIBIKIMAPLL MeH (YHKUUOHANObIK epeKuieslikmepin 3epmmertin,
HaKmul Hamudicenep Kopceminzen. Tepmoxpom dcone pehrekmue cexindi UHHOGAUUANBIK MAMEPUATOAPObIH
uzuko-mexanukanvlk Kacuemmepine zepmmey xcypeizinin, aya emkizeiwimici momen, 0Oipax 2uzpocKORUsIbIK
Kacuemi ome j#co2apvl eKeHoizi AHbIKMAbIHObL, 071aPObIH MPAHChHoOpmep-Kypmeuie Hcodanay yYulin Heapamoblivl2ol
Hezi30enzen. Maxanaoa yupnvlx rncobanay mexHonoZUANAPLIHLIY, Mi2iH OHOIpIciHOe YaKblmmul yHeMOeY JHCaHe
WBI2BIHOApPObl  a3aumy yuwiin aneyemi dcoz2apvl ekeni aiimolizan. Conbvimen Kamap, OHIMHIN JHCAULAbLIBIGL,
MymulHYUIbl MAIARMAPbING COUIKeCmizi, Mamepuanoap men oHoipic npoyecmepiniy 03apa d6ai1anbicbl KOPCeminzeH.
Ocvinaiiia, aKpliosl Mamanap MeH UUQPAbIK MexXHON02UANapObl Yilaiecmipy apkwlivl 0onawiakmazel OHOIpic
npoyecmepin OKMAUIAHOBIPY HCOOAPBL YCHIHBLAAObL. 3epmmey HIMUICECIHOe aKbliObl MamanapObly, 3aMaHayu coH
UHOYCMPUACHIH  0AMbIMYOA2bl POAL MeH 0aapobly, KOA0aHy MYMKIHOIKmepi KeHinen cunammanzan. Ocbl
MEXHON02UANAD ApPKBLILL OHOIpice IKONOUANBIK MUIMOINIKIMI  apmmulpy, pecypcmapovl yHeMOey HcoHe
mymulHyuivl Ka)cemminikmepin yco2apvl 0eHzeiloe KaHazammauowlpy iicoaoapuvl kopceminzen. byn maxana mizin
OHEPKACIOIn YUPPAAHObIPY JHCIHE 3AMAHAYU MEXHONO0ZUANAPObl KOJIOAHY apPKblLIbl OHIMOI JHcODAnayovlH icana
a0icmepine JHcol aQuiadbl JHCIHE HCODANAHAMBIH epaiep MmPpanHchopmep Kypmeuiecin Kypacmuvlpyza manoaizan e
muimodi CLO 3D 6azoapaamacvlHoa sHcacanzan 6Upmyanowvl yazici YColHbLIbln Omuip.

Herisri ce3gep: 3D Mmojeibaey, BUPTYaJabl ko0ajay, ;KacaHAbl HHTEIEKT, CAHABIK KHiM,
JTUIKATAI COH, PEH/IEPUHT, Pe()IeKTUB, TEPMOXPOM, AKBLIIBI MaTA.
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