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SOL-GEL COMPOSITION ON THE BASIS OF SODIUM SILICATE
AND AMMONIUM POLYPHOSPHATE FOR OBTAINING
FIRE-RESISTANT CELLULOSE TEXTILE MATERIALS

Abstract. The article gives a new method for producing fire-resistant cellulose tex-
tile materials using the sol-gel method, where the sol-gel precursor is sodium silicate. A
new sol-gel method is proposed for the formation on a fiber of a functional coating based
on sodium silicate and nitrogen-phosphorus-containing compounds. The effect of
processing parameters on the fire resistance and on the discontinuous characteristics of the
obtained materials was studied. The method of scanning electron microscopy was used to
study the structure of the surface of treated fibers. The thermal stability and index of the
limiting oxygen index of control and processed cellulose textile materials with a sol-gel
composition were studied.

Key words: fire resistance, sol-gel, sodium silicate, cellulose textile materials.

Introduction. At present, a large number of easily combustible fabric mate-
rials, representing a significant fire hazard, are used in living quarters. Investi-
gations 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].

The problem of imparting fireproof properties to textile materials of various
nature and purpose has become increasingly important in recent years [2]. This is
due to the fact that they are a serious source of danger during fires, it is easily ig-
nited, promotes the spread of the flame and, when burning, emits a large amount
of smoke and gases. One of the urgent tasks is the replacement of traditional tech-
nologies of making fireproof properties of textile materials cheaper and envi-
ronmentally safe [3]. With the traditional technology of final finishing of cellu-
lose cotton textile materials, it is possible to impart certain properties to them by
modification with special dressing agents. In connection with this, it is important
to develop new methods for imparting fire resistance to textile matrials, which
would significantly increase the stability of the modifying effects. To modify
cellulosic materials and impart technical properties to textile materials, a sol-gel
method was used in the work [4]. The main advantage of the sol-gel method over
others is that it allows you to control the structure of the resulting materials, the
particle size, the pore volume and volume, the surface area of the films, in order
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to obtain a material with desired properties. This method does not require unique
equipment and expensive initial reagents and therefore is a relatively cheap me-
thod of synthesis. Coatings obtained by the sol-gel method are a suitable tool for
the modification of a large number of materials, such as glass, paper, synthetic
polymers, wood, metal and textiles [5].

The purpose of this study is to produce textile materials with flame retar-
dant properties using sol gel technology based on sodium silicate and ammonium
polyphosphate.

Objects and methods of research. As an object of study in the work was:
cotton fabric article 1030, sodium silicate, ammonium polyphosphate, thiourea.
Samples of cotton linen weave are treated with an aqueous solution of sodium
silicate, the hydrolysis catalyst is 70% CH3COOH impregnation at 25-300C for 1
minute, then spinning on a two-shaft plus with a degree of 90%. The fabric was
then dried at a temperature of 750C for 8-10 minutes. Next, the treated fabric was
heat treated at 110, 130, 150 °C for 1 minute, in the second stage impregnated
with an aqueous solution of ammonium polyphosphate and thiourea, after pres-
sing 90%, drying at 75 °C for 3 minutes in a oven, followed by washing in distil-
led water and dried at room temperature.

Characterization techniques. Tests of fire-retardant effectiveness of the
developed compositions were carried out in accordance with GOST R 50810-95,
which establishes a method for determining the ability of textile materials
(fabrics, non-woven fabrics) to resist ignition, sustainable burning, and also to
assess their fire retardancy (table 1). The standard is applied to all combustible
decorative textile materials supplied to the consumer.

Table 1 — Results of the test of flame retardant efficiency and breaking load
of treated cellulose materials

Concentration of substances, Length of the char Breaking load,
g/L section, mm N
Ne N,5i0; | CS (NHy), flamee- Heat treatment temperature, °C

tardant | 110 | 130 | 150 | 110 | 130 | 150
1 Control sample 220 | 220 | 220 | 202 | 202 | 202
2 200 116 144 136 | 205 | 206 | 219
3 cot_si-5 50 300 109 115 128 | 212 | 209 | 222
4 400 98 111 107 | 218 | 212 | 219
5 200 123 | 138 | 137 | 206 | 214 | 223
6 | cot_si-10 100 60 300 114 | 110 113 | 209 | 206 | 217
7 400 115 131 104 | 217 | 217 | 219
8 200 115 108 124 | 220 | 209 | 209
9 | cot_si-15 150 300 94 90 90 219 | 211 | 211
10 400 90 99 94 223 | 216 | 219
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The surface morphology of the treated samples was studied 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 (figure 1).

Figure 1 — Electron microscopic images of cotton fabric and treated with flame retardant
composition with different resolution and energy dispersive microanalysis

The thermal stability of the fabrics was evaluated by thermogravimetric (TG)
analyses from 50 to 600 °C with a heating rate of 10 °C/min, both in nitrogen and
in air (figure 2 and table 3). To this aim, a TAQS500 thermogravimetric balance
was used, placing the samples in open alumina pans (ca. 10 mg). The experimen-
tal error was 0.5% on the weight and 1 °C on the temperature.
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Figure 2 — Comparison between TG curves of cotton control and
sol-gel treated cotton fabrics in nitrogen and air

Table 2 — Average elemental composition of untreated and modified cotton fabrics,
obtained on the basis of the results of energy-dispersive microanalysis

Mass fraction, %
# Sample -
C 0] Si P S
1 cot_control 54.95 45.05
2 cot_si-5 48.15 40.82 6.82 2.18 2.03
3 cot_si-10 42.81 43.25 7.63 3.18 3.13
4 cot_si-15 42.96 40.20 8.59 4.52 3.73
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The determination of the Limiting Oxygen Index (LOI) is the minimum con-
centration of oxygen, expressed as a percentage, that will support combustion of
a polymer. It is measured by passing a mixture of oxygen and nitrogen over a bur-
ning specimen, and reducing the oxygen level until a critical level is reached. The
determination of the Limiting Oxygen Index (LOI) (table 4) was carried out
according to ASTM D2863-09 standard, using an OXINDEX apparatus, built by
MUKI.

Results and discussion. The results of the test of flame retardant efficien-
cyare 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.

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 scan-
ning electron microscopy, a polymeric layer is formed on the surface of the
treated tissues in the form of an oxide-silicon matrix (figure 1). Figure 1 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.

According to electron-scanning microscopy and conducted energy-dispersive
microanalysis (table 2), pure cotton fabric contains C-69.95% 0-30.05%. After
the modification, the particles formed on the surface of the treated fabric: Si —
6.82%, P — 2.18%, S — 2.03% which are distributed rather unevenly. It is shown
that with the increase in the concentration of the flame retardant in the modified
composition in the treated samples, the content of phosphorus and sulfur increases
to 8.59% and 3.73%, respectively.

The thermal and thermal oxidation stability of sol-gel treated samples was
evaluated by thermogravimetric analysis and compared with the thermal stability
of untreated cotton. Tables 3 collected data on nitrogen and air; build the TG
curves of the samples in both atmospheres. As already demonstrated, thermal
degradation of a honeycombton in nitrogen occurs in one stage during which
maximum weight loss is registered in 390 °C.

Table 3 — TGA data of untreated and sol-gel treated cotton fabrics in nitrogen and air

nitrogen air

Samble Residue Residue Residue | Residue

P T(gnés)et },ﬂg; at Troe | at600°C T(gﬂg)e‘ })”g; at Tope | 21600 °C
(%) (%) (%) (%)
cot_control 345 390 10 8 350 390 12 10
cot_si-5 275 300 55 39 290 300 55 12
cot_si-10 295 310 50 35 250 290 57 23
cot_si-15 275 295 58 44 290 300 55 13
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The limiting oxygen index was also studied, the results of which are given in
Table 4. As shown in the table, the untreated tissue has a low oxygen index, com-
pared to the processed samples with sol-gel composition.

Table 4 — LOI data of untreated and sol-gel treated cotton fabrics

# Sample LOI(%)
1 cot_control 19
2 cot_si-5 34
3 cot_si-10 35
4 cot_si-15 36

Conclusion. A sol-gel composition based on sodium silicate and ammonium
polyphosphate was first developed to impart flame retardant properties to
cellulosic textile materials. The processed materials of the present composition
have a high fire resistance and physical-mechanical properties. The processing
parameters of cellulose materials have been determined. It is shown that the heat
resistance and oxygen index of the treated textile samples are higher compared to
the untreated ones.

REFERENCES

[1] Visakh P.M. AraoYoshihiko. Flame Retardants // Polymer Blends, Composites and Nano-
composites. 2015. P. 247.

[2] Malucelli G,. Carosio F., Alongi J., Fina A., Frache A.,Camino G. Materials engineering
for surface-confined flame retardancy // Materials Science and Engineering R. 2014. 84. P. 1-20.

[3] Alongi J., Ciobanu M., Malucelli G. Novel flame retardant finishing systems for cotton
fabrics based on phosphorus-containing compounds and silica derived from sol-gel processes //
Carbohydrate Polymers. 85 (2011). P. 599-608.

[4] Khalifah A. Salmeia., Gaan S., Malucelli G. Recent Advances for Flame Retardancy of
Textiles Based on Phosphorus // Polymers. 2016. Vol. 8. P. 319.

[5] Steplewski W., Wawro D., Kazimierczak J. Novel Method of Preparing Flame Retardant
Cellulose-Silicate Fibres. Fibres & Textiles in Eastern Europe. 2010. Vol. 18, N 3(80). P. 24-32.

Pe3rome

E. Takeu, b. P. Taycaposa, A. Bue

OTKA TO3IMAI HEJITIOJIO3AJIbI TEKCTHJIb MATEPHUAJIIAPBIH
HATPUU CUJIMKATE MEH ITOJINM®OCDPAT AMMOHNSA HET'I3IHAE
30JI-TEJIb KOMIIO3MMEH AJTY

Makanajaa HaTpuil CHJIMKATBIH KOJJIAaHA OTBIPBIN 30JIb-Telb OMICIMEH OTKA TO3iMIi
LEJUTION03aJIbI TEKCTHIb MATEPHANIbIH Ay TEXHOJIOTHSICHI CUIIATTAIFAH. 3ePTTEY KYMbI-
CBIHBIH HET13T1 HOTHXKECi OOJIBIT AKOJOTHSITBIK KAYiIlci3 OTKa TO3IMIi 30J1b-TeJb alIy ofici
6o TabbuTanBl. Byt omic eki meHreime sky3ere acamsl, OipiHIIICI: TEKCTHIb MaTepHa-
JIBIHBIH YJITICIH 30JIb IPEKYPCOPBIH/IA CIHIPII, eKiHIII JAeHrei1e aHTUITMPEHMEH OHIeHMI3.
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OHnjiey mapaMeTpiIepiHiH 0TKA TO3IMILTIK MEH Y3UTy KYKTEMECiHe, COHBIMEH KaTap eHJey
KOMITO3MLIMACHIHBIH TYPaKTBUIBIFBIHA ocepl 3epreneHnl. KosmaHbUFaH dIeKTPOH/BI
MHUKPOCKOTI OJIICIHIH HOTIXeci OOMBIHIIA OHIENTeH TEKCTWIh MaTepPHAaJbIHBIH OCTiHIe
(byHKIMOHAIIBI )KaObIH MEH aHTUIMPEHHIH Oepik OekiTireHiH kepcerTi. COHbBIMEH KaTap
naiiga OoiFaH KAaOBIHHBIH TEKCTHJIb MaTepHalblHA 3USHBI JKOK €KeHl (hPU3MKO-MeXaHU-
KaJIBIK KOPCETKIITepAl 3epaeney OaphIChIHAa aHBIKTAIIBL. 3epTTeY HOTIDKENEPi TONBIK-
KaHIbl OOy YIIIH TEeKCTHJIb MaTepHaIIapbIHBIH TEPMOTYPAKTHUIBIFEl MEH OTTETi HHICK-
CiHIH MOJIITHPI aHBIKTAIABI. 3epTTEY HOTIKENEpPiH IEeJUTIONIO3abl TeKCTIIIbF MaTepHa-
JIapbIH OHJCY OHJIPICIH/E KOJaHyFa O0aIbl.

Tyiiin ce3mep: LeTI0I03aIb TEKCTUIIL MAaTepUaliapsl, 0TKA TO3IMALTIK, 30J1b-TeJlb,
HATPUIl CHJIMKATHI, aHTUIIHPEH.

Pesome
E. Taxeit, b. P. Taycaposa, A. Bue

30JIb-T'EJIb KOMHO3ULINA HA OCHOBE CUJIMKATA HATPUSL
N TTIOJIN®OCDPATA AMMOHUA IJIA TTOJIYUEHM S OT'HECTOMKNX
HEJUIFOJIO3HBIX TEKCTUJIBHBIX MATEPHUAJIOB

B crarse mpuBeneH HOBBIN cIOCOO pa3pabOTKH OTHECTOMKHUX IEJUTIOIO3HBIX TEKC-
TWIBHBIX MaTEpPHAIOB 30Jb-T€Ib METOJIOM Ha OCHOBE CWiIMKaTa HaTpus. OCHOBHBIM
pe3ynbTaToM IPOBEJCHHOIO MCCIEAOBAHUS SIBISIETCS pa3paboTaHHas HKOJIOTUUECKH
Oe3omacHasi TEXHOJOTHS MOJYYEHHs OTHECTOWKOH 30Jb-TeNb KOMIIO3UINH, KOTOpas
MIPOTEKaeT B ABYX cTaausx. Ha nepBoil craanu TeKCTUIBHBIN MaTepual IPOIUTHIBAETCS B
IpeKypcope B TedeHue 1 MuH, a Ha BTOPOH CTaJuM NPONUTHIBAETCS B BaHHE C aHTHIIH-
peroM. MccnenoBaHoO BIMSHHUE ITapaMeTpoB 00paboTKH Ha 3((PEKTUBHOCTD OTHE3AIHT-
HOCTH Ha (PU3UKO-MEXaHUUECKHE CBOICTBa TKaHM. [IpuMEHEH MEeTOx 3JIEeKTPOHHOI MUK-
POCKOIINH C SHEPTOAMCIEPCHOHHBIM aHATH30M Ha 3JIEMEHTHBIN COCTaB HEOOPaOOTaHHOTO
1 00pabOTaHHBIX TEKCTWIBHBIX MaTEPUAIOB, Pe3yIbTAaThl KOTOPOTO JOKAa3bIBAIOT HAMYHC
(YHKIIMOHATBHOTO TIOKPHITHS U (PUKCAIIMK aHTHITUPEHA B €ro o0beMe. Tak ke MEeToIoM
TEPMOTPaBUMETPHUECKOTO aHaJM3a H3y4eHa TEPMOCTOMKOCTh HEOOpPabOTaHHOTO WU
00paboTaHHBIX LEJIIONIO3HBIX TEKCTWIBHBIX MaTepHalioB. Pe3ynbTaTsl HCCIEIOBaHUA
MOTYT OBbITh NPUMEHEHBI B OTJEIOYHOM NPOHM3BOACTBE TEKCTHIIBHBIX IEIUIIOI030COIEP-
KallIX MaTepHUajoB.

Knio4eBble c10Ba: OrHECTOMKOCTD, 30/1b-T€llb, CUIIUKAT HATPHUS, LIEJTIOJIO3HBIE TEK-
CTUJIbHBIC MaTepUallbl, aHTUITUPEH.
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