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FIRE RETARDANT OF CELLULOSE
TEXTILE MATERIALS BASED
ON SOL-GEL COMPOSITION

Abstract. The article describes using the tetroetokisilane, thiourea and fire retardant
to impart fireproof properties to cellulose textile materials. The influence of concentration
of the initial components, temperature and duration of heat treatment on retardant
properties was studied. The morphology of the surface of fibers of textile materials and
elemental microanalysis of the fiber surface structure is studied.

Key words: cellulosic textile materials, fire resistance, sol-gel, tetro-ethoxysilane,
thiourea, fire retardant.

Introduction. At present, a large number of easily combustible fabric mate-
rials, representing a significant fire hazard, are used in living quarters. Inves-
tigations of the causes of fires show that the interior elements of textiles (curtains,
upholstery fabrics, carpeting) not only contribute to the rapid spread of fire, but
also are a source of a number of asphyxiating gases in a fire. Reduction of fire
danger is possible with the help of measures carried out by chemical methods of
fire protection of soft and hard fabric materials. Preventing the development of
fire, chemical means of fire protection facilitate firefighting, and in some cases
exclude the possibility of a fire [1-3].

The actual problem of modern chemistry of polymers is the creation of
materials of low combustibility, as well as the development of specific flame
retardants, flame retardants, which in addition to high efficiency should show
good compatibility with used polymers and meet environmental safety requi-
rements [4-5].

The purpose of this study is to produce cellulose materials with flame retar-
dant properties using sol gel technology.

Experimental part. The main component for the preparation of the sol is
tetroethoxysilane, water and ethyl alcohol solvent, acetic acid hydrolysis catalyst,
article 1030 cotton fabric with a surface density of 147g/m?.

Tetroethoxysilane - is a volatile transparent colorless liquid with a charac-
teristic spicy-sweetish, somewhat similar to an alcohol smell. It is well mixed
with organic solvents, water, aqueous solutions of acids.

Ethyl alcohol - is a monohydric alcohol, under standard conditions a volatile,
flammable, colorless transparent liquid.

Thiourea-CS (NH,), - thioglyclic acid diamide, white crystals of bitter taste,
melting point 180-182 °C (with rapid heating, with slow decomposition); mode-
rately soluble in water, methanol, pyridine, well in 50% aqueous pyridine.
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Before carrying out the experimental work, the cotton bleached fabric of the
coarse band art. 1030 was washed with a 2% non-ionic detergent at 40° C for
20 minutes and then washed with distilled water and dried. After drying, the
desiccator was kept above dehydrated CaCl, for at least 24 hours to determine the
exact sample weighed [6].

Methods of research. A sample of cotton fabric measuring 200 x 200 mm
after determining the exact weight on an analytical balance was subjected to
impregnation in a bath with tetroetoksisilan (at 1: 1: 8) for 1 minute, spin drying
was 90%, followed by drying at 75 — 85 °C for 8 - 10 min, then treated fabric was
subjected to heat treatment at 110 °C, 130 °C, 150 °C for 2 minutes, followed by
rinsing in large amount of distilled water and then drying.

In the second stage after treatment with tetraethoxysilane, the samples were
impregnated in aqueous solution of fire retardant and thiourea for 1 minute. After
extraction 90%, drying at 75 °C for 3 min in an oven, followed by washing in
distilled water and dried at room temperature.

Figure 1 — Scheme for the production of fire-resistant composition

Results and discussion. The results of the test of flame retardant efficiency,
tensile load and stability of impregnation after 5 washes are shown in table 1. As
can be seen from the table, the sol-gel composition used provides a high degree of
fire resistance and does not affect the physical and mechonical characteristics of
cellulosic textile materials. This indicates the presence of SiO, coating and
fixation of the fire retardant.

In order to fully elucidate the mechanism of interaction of the fire-resistant
sol-gel composition with cellulose of cotton fiber, the IR spectra of samples of
initial and processed tissues were studied in the work (figure 2). When analyzing
the spectra shown in figure 2 and in table 2, it can be seen that the spectra of the
cellulose treated with this composition compared to the original cellulose have
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Table 1 — Results of the test of flame retardant efficiency
and breaking load of treated cellulose materials
Concentration of substances, Length of_ the Breaking Length of the charred
L char section, load, area (after 5 washes),
No g mm N mm
Heat treatment temperature, ° C
(C3H50),Si | CS (NHy), flame P
etardant |110| 130 | 150 | 110 | 130 [ 150 | 110 | 130 | 150
1 Source sample 220|220 | 220|202 | 202 | 202 | 220 | 220 | 220
2 200 110|123 | 124 | 203 | 199 [ 198 | 135 | 182 | 166
3 100 60 300 102|109 | 113|201 | 202 (199 | 121 | 139 | 165
4 400 95 (105|112 | 205 (200|196 | 112 | 139 | 124

Figure 2 — IR spectra of a control sample and treated cellulose fibers with tetroethoxysilane

Table 2 — Basic vibration frequencies of processed cellulose textile materials

The oscillation frequencies (cm™) Oscillatory modes
Counter. arr. Arr. with TEOS
3336 3344 (NHy)
2904 2902 (C-H)
2360 (P-H)
1624 (N-H)
1456-1392 (C-N)
1031 1029 (Si-O- Si)
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undergone significant changes. In the IR spectrum of the processed sample, all
absorption bands are retained, characteristic of untreated cotton fiber. The absorp-
tion bands of the processed sample indicate the presence of Si-O-Si bond bonds in
the 1029 and 1031 cm™ regions, NH groups in the 1624 cm™ region, and also the
P-H groups in the 2360 cm™ region, CN groups in the regions 1392-1456 cm™.

Based on the foregoing, it can be concluded that the interaction of the
composition with the macromolecules of cellulose leads to a significant change in
the absorption bands of the processed samples. Thus, taking into account the
studies carried out, it can be concluded that when treating cellulose with this com-
position, chemical bonds are formed between the macromolecules of cellulose
and sizing agents.

Investigation of the morphology of the surface of the fibers of textile mate-
rials and elemental microanalysis of the fiber surface structure used an auto-
emission scanning electron microscope JSM-6490LA (Japan) with the X-ray
spectral analyzer system JED-2300 Analysis Station. Based on the result of
scanning electron microscopy, a polymeric layer is formed on the surface of the
treated tissues in the form of an oxide-silicon matrix (figure 3). Figure 3 clearly
shows that fire retardant particles are present on the treated fiber on the surface of
the fiber, fire retardant plates of various shapes are noticeable.

unireaiod § umircabed

COT_TEOS, COT_TEOS

10hm Siim

Figure 3 — Electron microscopic images of cotton fabric and treated
with flame retardant composition with different resolution and energy dispersive microanalysis

According to the energy-dispersive microanalysis, the figure shows the presence
of carbon and oxygen, which is natural for cellulosic materials. After processing,
particles of Si, P, S are formed on the surface of the treated fabric and are distri-
buted rather unevenly.

Conclusion. Analysis of the results of the study allows us to draw the follo-
wing conclusions:

It is shown that this method of impregnating cellulosic textile materials in a
precursor, followed by drying and heat treatment and flame retardant, makes it
possible to obtain a silica coating with a fixed flame retardant of high degree.
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The IR spectra data confirm the appearance of a chemical bond between the
cellulose macromolecules and the flame-resistant sol-gel composition.

Using the method of electron-scanning microscopy, it has been established
that the treatment of tissues with the developed compositions leads to a change in
the morphology of the surface of the fibers.
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Pesome
E. Takeu, b. P. Taycaposa, A. Bypxumbati

OTHECTOMKOCTb LIEJUTIOJIO3HBIX TEKCTHUJIBHBIX MATEPHAJIOB
HA OCHOBE 30JIb-T'EJIb KOMITIO3UIINHN

B crarbe mpuBeneH HOBBIM crtoco0 pa3pabOTKH OTHECTOMKHX MEJUIIOJIO3HBIX TEKC-
TWJIBHBIX MaTEPUaJIOB 30JIb-T€NIb METOAOM C NPUMEHEHNEM TeTPO3TOKcHcHIaHa. OCHOB-
HBIM PE3YJITATOM IIPOBEJICHHOTO HCCIIEIOBAHUS SIBISICTCS] pa3pabOTaHHAsT SKOJIOTHUECKH
6e3omacHast TEXHOJIOTHS TOMYYIEHHUsI OTHECTOMKOM 30I1b-TelIb KOMITO3HIIUH, KOTOpas Mpo-
TeKaeT B JBe cTaguu. Ha mepBoil craanu TEKCTHIIBHBIN MaTepual NPONUTHIBACTCS B IIpe-
Kypcope B TE€YeHHEe MHUHYTHI, a Ha BTOPOHl — B BaHHE C aHTHIUpPEHOM. McciemoBaHo
BJIMSHHE MapaMeTpoB 00paboTkM Ha 3(P(EeKTUBHOCTH OTHE3AIIUTHOCTH, Ha (H3HKO-
MEeXaHMYEeCKUE CBOMCTBAa TKAaHU M Ha CTOMKOCTb OTHECTOWKOM 30JIb-Te€NIb KOMITO3MLUH
nocine 5-tu crupok. BeisiBieHo, yro Hammydmeil 3()(eKTHBHOCTHIO OTrHE3AIUTHOCTH
obyamaroT 00pasisl, 00paboTaHHBIE NPH KOHIEHTPALMH TETPOITOKCHCHIAHA PAaBHOU
100 r/n u mpoureamme Tepmuueckyro obpabdotky npu 150 °C. Jlanusie UK-crekTpoB
TIOJTBEPIKIAIOT MOSBJICHIE XUMHUYECKOH CBSI3M MEXKITY MaKpOMOJICKYJIaMH IeJUTION03bI U
OTHECTOMKON 30J1b-TeNlb KOMIIO3ULUU. TaKkke NPUMEHEH METOJ 3JIEKTPOHHON MHKpPOCKO-
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MU, PE3yJbTaThl KOTOPOH JO0KA3bIBAIOT HaMW4Ke (HYHKIHOHAIBHOTO MOKPBITHA U (hukca-
LMY aHTHUIIUPEHA B ero oObeme. Pe3ynbTaThl McCeOBaHUS MOTYT OBITH NMPHMEHEHHI B
OTJIEJIOYHOM IPOHM3BOJCTBE TEKCTHIBHBIX IEIUTIONI030COIEPKAIIUX MAaTEPHATIOB.

KiroueBble c10Ba: 11e/UTI0JI03HbIE TEKCTUIBHBIE MaTepHUajbl, OTHECTOMKOCTD, 30JIb-
relib, TETPOITOKUCHIIaH, THOMOYEBUHA, aHTUITUPEH.

Pe3rome
E. Taxeu, B. P. Taycaposa, A. Bypxumbati

30JIb-TEJIb KOMITO3MIM A HETT3IHAET'T
LEJUTFOJIO3AJIBI TEKCTHIJIb MATEPUAJIJAPBIHBIH OTKA TO3IMJIITT

Makaiaga TETPOITOKCHCHIIAH KOJIJaHa OTBHIPBIN 30JIb-T€jb JMICIMEH OTKa TO3iMi
LEJUTION03aNIbI TEKCTHIb MaTepPHAaJbIH aly TEXHOJIOTHSCHI CUNIATTAJFaH. 3epTTey KYMbI-
CBIHBIH HET13T1 HOTHXKECI OOJIBIN KOJOTHSIIBIK KAYillCi3 OTKA TO3IMIIi 30J1b-Teb aly 9ici
Ooutbint TaObLIANBI. By ozic eki geHreiie jkys3ere acanbl, OIpiHILICI: TEKCTWIIb MaTepua-
JIBIHBIH YJITIiCIH 30J1b IPEKYPCOPBIHAA CIHIPII, CKIHIII JSHIeH/IC aHTUIUPCHMEH OHICHMI3.
OHJiey napaMeTpIIepiHiH OTKa TO3IMIUIIK MeH y3UTy JKYKTeMeciHe, COHBIMEH KaTap eHJeY
KOMITO3MIIMSICHIHBIH ~ TYPAKTBUIBIFBIHA ocepi 3epaeiieHi. EH IKakChl HOTIKeIepi
terpodTokcuciiadubie 100 r/n memmepinneri 150 °C TepMoeHaey 6TKeH TEKCTUIIb MaTe-
puanmapel kepcerti. ConbiMeH Katap 3epaenerren MK-crektp HoTmxkeci GOMbIHIIA TEKC-
THIJIb MaTepUAJIbIHIAFBl [EJUTI0I03a MEH OTKA TO3IMJI 30JIb-Tellb KOMIIO3HUIIUS apachiH-
JTaFbl XUMUSUIBIK OaiilaHBICTHIH Oap eKeHiH KepceTTi. KommaHbuFan 3JeKTPOHIB MUKPO-
CKOII 9fiCiHIH HOTMXeci OOMBIHIIIA OHIENTEeH TeKCTIIh MAaTepHANIBIHBIH OeTiHAe (yHKIIHO-
HaJIIBI JKaOBIH MEH aHTHITUPEHHIH Oepik OCKITUIMCHIH KOpCeTTi. 3epTTey HOTIIKEIEPiH
eJUTI0JI03aITB TEKCTHIIb MaTepUaIIapbIH OHACY OHIIpICIH/E KOJIaHyFa 00Jabl.

Tyiiin ce3mep: 1E/UTFOI03aIbI TEKCTHIb MATEPHAIAAPHI, OTKA TO3IMILTIK, 30J1b-T€/Ib,
TCTPOSTOKCUCHIIAH, THOMOYCBUHA, AHTUITUPCH.
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