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M ¢ochopcoaepXalinx aHTUMUPEHOB AN

npunpaHna OrHe3auwuTHbIX CBOMCTB LLE/UIHO/I03HbIM  TeKCTU/IbHbIM matepuanam. WccnepoBaHo
B/INAHNE KOHLUEHTpauun UCXOOHbIX KOMMOHEHTOB, TeMnepaTypbl U BpeMeHU TepMOOGpaGOTKM Ha

OrHesaliuUTHbie CBOMCTBA.

The article considers the use of sodium silicate and phosphorus-containing flame retardants
to impart flame retardant properties to cellulose textile materials. The effect of the
concentration of the initial components, the temperature and the time of heat treatment on

the flame retardant properties was studied.

pobinema mpuUgaHUS OTHE3AUUTHBIX CBOMCTB

TeKCTUJIBHBIM MaTepHuaaaM Pa3JHuYHOM IIpU-

POIBL M Ha3HaudeHUs npuobpetaeT Bce 601b-
IV aKTYaJIBHOCTh. ITO 00YC/IIOBIIEHO TeM, UTO OHHU
SIBISIFOTCS CepPbe3HBIM HCTOYHMKOM OIACHOCTHU BO
BpeMsI IIO3KapoB, JerKO BOCIIJIAMeHSII0TCS, CII0Cco6-
CTBYIOT PacIpoCTpaHeHHUIO IIJIaMeHH, a IIpPU rope-
HUHU BBIIEIAIOT 60JIBIIOE KOJTMYECTBO AbIMa U Ia30B,
TeKCTUIBHBIE MaTepHa/Ibl UMEIOT MIHUPOKYIO 06J1acTh
IIpPUMeHeHHUS B 6BITY, IIPOMBIIIJIEHHOCTH, Ha TPaH-
CIIOpPTe M Kak CIellHaJibHble 3alUTHBIE CPeJCTBa.
OHMU UCIIONB3YIOTCS B KadecTBe IITOP, APAIHPOBOK,
3aHaBecel, MaTepHaJIOB IPU U3TOTOBIEHUU M-
KO MebenH, CIIaJbHBIX NPUHALIEKHOCTEH, CIle-
LHAJIBHOM 3aIUTHOM OJesKAbl K U3MeIHM, I IeKO-
PaTHUBHOM OTHEJKH PA3IUUYHBIX 10 QYHKIHOHAJIb"
HOMY Ha3HaueHMIO [IOMeIleHU M.

B HacTosmee BpeMs B 06/1aCTH CO3aHUS TeK-
CTHJIBHBIX MaTepHaJIOB C OTHe3aMUTHBIMH CBOMCT-
BaMU JOCTUTHYTHL OIlpefie/leHHbIe yCcIlexHU. B pas-
JIUYHBIX CTPaHAX MINPOKO IIPOBOISTCS UCCIe0Ba-
HUS$, HallpaBJeHHble Ha [IOBbIIIeHHe OTHe3a U THEIX

CBOHMCTB Kak INIPpUPOAHBIX, TAK U CHUHTETHYECKHX
BOJIOKOH [1-6]. AKTHBHO BHe[IpsieTCsl B IIPOU3BOACTBO
OTHEeCTOMKHUX HOKprTI/II;I 1 BOJIOKOH 30J/IbI'eJIb TeX~
Hostorus [7-12]. ITosToMy HcCe0BaHHUSI, IIOCBSIILEH-
Hble [10JIyYeHHIO OTHe3aIUTHBIX TeKCTHU/IbHBIX MaTe-
PHaoB MeTOoLaMU 30/Ib-Te/Ib TeXHOJIOTHH, a TAKKe
HM3y4YeHHUIO UX CBOMCTB, KMEIOT KaK Hay4yHoe, TaK 1
[IPaKTHYeCKOe 3HaUeHHe.

Lle/Ib0 HACTOSIEr0 UCC/IeOBAHU A ABJISIeTCS 10Ty~
YeHHe LIeJIJII0JI03HBIX MaTePHaJjIoB C OTHe3aI U THEIMH
CBOMCTBaMH C IPUMeHeHHeM 30J1b-Te/Ib TeXHOJIOTHH.
B xayecTBe OCHOBHOI'O KOMIIOHEHTA [JIs IPUIOTOB-
JIeHU S 30714 IIpeJJlaraeTcs MCIO0Ab30BaTh CUAMKAT
HaTpHs, B KaUecTBe KaTaJKu3aTopa FUAPOIK3a ~ YKCY-
CHYIO KHCJIOTY, TaKk>Ke Lenecoobpa3Ho NPUMEHHUTH
XHMUYECKHe BellleCTBA, CII0COOHBIe CHU3UTh FOPIO-
YeCTh TeKCTHIIA.

METOAUKA UCCNIELOBAHUSA

06paboTKy xyjonyaTobyMaskHOM TKaHU apTHKYyIa
1030 30/1p-TeJIb KOMIIO3UIIMEH OCYIIeCTB/ISI/IH B IBe
craguu. CHadana 06pa3mbl XJI0NIKA IIPOITUTHIBAIH B

AIMATUHCKWUI TeXHONOrMYeckni yHnsepcuteT / Almaty Technological University.
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BaHHe C CU/IMKAaTOM HaTpHs B TeUeHMe 1 MUH C I10CjIe-
OYIONIMM OT>KHMMOM 10 BIasKHOCTH 90%, masee cie-
JloBaJla CyIlIKa IIpU TeMmIepaTtype 75-85°C B TeueHUe
8-10 MUH, 3aTeM TKaHb [IOABepraaach Tepmoobpa-
boTke mmpu TeMmmepaTypax 110, 130 uru 150°C B Teue-
HUe 1 MUH C II0C/IeIyIOIIer IIPOMBIBKOM B 60JIbIIOM
KOJMIHMYeCcTBe JUCTHU/IIMPOBAHHOMN BOABI M CYIIKOM.
IToce 06paboTKY CHIMKATOM HATPHSI, Ha BTOPOM CTa-
OUH, 06pa3Iibl IPOIIUTHIBAIM B PACTBOPE JJIsI CHHUKe-
HUS$ FOPIOYEeCTH TeKCTUIIS (QHTHUIIMpPEeHe) B TeUeHHe
1 MUH, OT’)KMMaJ/IH [0 BJIAKHOCTHU 90%, BHICYIIHMBAIHA
B TepMomKady npu 75°C B TedyeHHe 3 MHH C IIOCJIe-
OyIoIler MPOMBIBKOH B JUCTH/IINPOBAHHOM BOZe U
CYLIKOM ITPU KOMHATHOM TeMIlepaType.

HcnbpITaHU S OTHe3AIUTHON 99 PeKTUBHOCTH pas3-
PaboTaHHBIX COCTABOB ITPOBOAU/IKCE B COOTBETCTBUHU

c TOCT P 50810-95, KOTOpBIK peraaMeHTHpPYeT
MeTO/[ bl OIpefeNeHHUs] CIIOCOOHOCTH TEKCTUJIb-
HBIX MaTepHaoB (TKaHel, HeTKAaHBIX IIOJOTEH)
CONIPOTUB/SATHCSA BOCIIaMeHEHHIO, yCTOMYHUBOMY
FOPEeHHMIO, a TaKKe OLeHKH HMX OTHEe3aIUTHOCTH.
CTaHIapT IpUMeHseTCS A/ BCeX TOPI0YHX JeKopa-
THUBHBIX TeKCTUJIBHBIX MaTe€pPUaJIOB, IIOCTAB/ISeMBIX
norpeburernio.

Crioco6HOCTH 06pa3I0B IPOTUBOCTOSTh PACTATH-
BAIOIIMM YCHIHAM [0 Pa3pbiBa OIpee/isiaiv Ha pas-
PBIBHOM MAaIlIKMHe C IOCTOSSHHOM CKOPOCTBIO OIyCKa-
HUS HUDKHero 3akuma PT-250M-2. McribiTaHHe IIPO-
Boauoch cornacHo I'OCT 8847-85.

J/1eKTPOHHO-MHUKPOCKOIIMYeCKoe U3yUueHHe 06pas-
LI0B IIPOBOJMJIOCE C IIOMOII b0 HM3KOBAKYYMHOIO pac-
TPOBOTI'0 3IEKTPOHHOT0 MHKPOCKOIIa JSM-6510LA.

he problem of giving flame

retardant properties to tex-

tile materials of various
nature and purpose is becoming
increasingly important. This is
caused by the fact that they are a
serious source of danger during
fires, easily ignite, contribute
to the spread of the flame, and
when burning produce a large
amount of smoke and gases.
Textile materials have a wide
range of applications in everyday
life, industry, transport and as
special protective aids. They are
used as curtains, draperies, cur-
tains, materials for the manu-
facture of upholstered furniture,
sleeping accessories, special pro-
tective clothing and products,
for decorative finishing of vari-
ously premises.

At present, certain achieve-
ments have been achieved in the
field of creating textile materi-
als with flame retardant prop-
erties. In various countries,
research is being widely carried
out to increase the flame retar-
dant properties of both natural
and synthetic fibers [1-6]. Sol-gel
technology is actively introduced
into the production of flame

retardant coatings and fibers
[7-12]. Therefore, studies on the
creation of flame retardant tex-
tile materials using sol-gel tech-
nology, as well as the study of
their properties, have both scien-
tific and practical significance.

The purpose of this study is
to produce cellulose materials
with flame retardant properties
using sol-gel technology. As the
main component for the prep-
aration of sol, it is proposed to
use sodium silicate, as hydroly-
sis catalyst - acetic acid, and it is
also advisable to use chemicals
that can reduce the combustibil-
ity of textiles.

METHODOLOGY OF RESEARCH

The processing of the cotton fab-
ric of article 1030 using a sol-gel
composition was carried out in
two stages. First, cotton samples
were impregnated in sodium sil-
icate for 1 minute followed by
wringing to a humidity of 90%,
drying at 75-85°C for 8-10 min-
utes, then the fabric was heat
treated at temperatures of 110,
130 or 150 °C for 1 minute followed
by washing in a large amount of
distilled water and drying. After

treatment with sodium silicate,
in the second stage, the samples
were impregnated in a flame
retardant solution for 1 min-
ute, wringed to a humidity of
90%, dried in an oven at 75°C for
3 minutes followed by washing
in distilled water and drying at
room temperature.

Tests on the flame retar-
dant efficiency of the devel-
oped compositions were carried
out in accordance with COST
R 50810-95, which regulates
methods for determining the
ability of textile materials (fab-
rics, non-woven fabrics) to resist
inflammation, sustainable
burning, and also for assessment
of their fire retardancy. The
standard is applied to all com-
bustible decorative textile mate-
rials supplied to the consumers.

The ability of the specimens
to withstand tensile forces prior
to rupture was determined on a
tensile-testing machine with a
constant lowering speed of the
lower clamp PT-250M-2. The test
was carried out in accordance
with GOST 8847-85.

Electron microscopy of the
samples was carried out using a
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Tabauua 1. Pe3yabmamsl uccAedosaHust 06pabomaHHbIX UeAAOA03HbIX MeKCMUAbHbIX MAmepuanos
Table1. Results of study of processed cellulose textile materials

Bo3payxo-

AnvHa obyrneHHoro NPOHULLAEMOCTb,

yuacTka, MM PaspbiBHas

KOHI.I.EHTPaLlMSI BELLecTB, r/n

Harpyska, H am3/m2 - c
Concentration of substances, g/l Leng:pegf rﬂ:ﬁrred Breaking load, N Air permeability,
. dm3/m?-s
Temnepatypa Tepmoo6pa6oTku, °C
. AHTUNUpPEH Heat treatment temperature, °C
Na,SiO, CS (NH,), Fire-
retardant BO MO 1O 150  T0
NcxoaHbIV obpasel,
1 Original sample 220 220 220 202 202 202 170 170 170
2 50 60 200 116 144 136 203 201 201 169 167 169
3 50 60 300 109 115 128 199 202 200 168 169 166
4 50 60 400 98 m 107 205 200 196 170 168 167

Tabauua 2. CpedHul 3neMeHMHpIl cocmas HeobpabomMaxHbIX U MoOUDUUUPOBAHHbIX XAONYAMOBYMAXKHbIX MKAHeL, N0AY4eHHBbIl C Uc-
N0Ab308aHUENM 3HEpP200UCNePCUOHHO20 MUKPOAHAAU3A
Table 2. Average elemental composition of untreated and modified cotton fabrics obtained using energy-dispersive microanalysis

MaccoBasa pons, %

Ne AHTUNUPEH Weight fraction, %

- Fire-retardant

Si

McxoaHbIn obpasel,

Original sample D S

1 20 45,54 41,05 6,91 4,25 2,26
2 30 42,81 41,25 7,62 5,18 313
3 40 43,20 42,17 4,74 6,16 3,73

low-vacuum scanning electron
microscope JSM-6510LA.

RESEARCH RESULTS

Measurement of the flame retar-
dant properties of cotton fabric
was carried out for three heat
treatment modes: 110, 130 and
150 °C. Studies of fire retardant
finishing using the proposed
compositions showed that the
untreated cotton fabric, when
tested for flammability at the
ignition time of 15 seconds,
completely burned in 60 sec-
onds. For samples treated with a
flame retardant composition, at
the ignition time of 15 seconds,
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the smoldering time is close to
zero. Studies have shown that
increasing the concentration of
fire retardant leads to a change
in the properties of the tissue:
with increasing concentration,
the length of the charred area
decreased from 220 to 98 mm
(Table 1, Fig.1).

All the studied modifying com-
positions at optimal concentra-
tions provide a high fireproofing
effect of the tissue. A study of the
change in the tensile strength of
the tissue showed that the ten-
sile strength of the control sam-
ple is 202 N, and after process-
ing at a temperature of 150°C it

fluctuates within a small range,
from 202 to 196 N (Fig.2). An
increase in the concentration of
fire retardant leads to a slight
decrease in the strength of the
tissue, and its appearance varies
insignificantly. The breathabil-
ity indices of cotton fabric treated
with the proposed composition
vary slightly and meet the regu-
latory requirements of hygienic
safety for this group of materials
(Table 1).

Electron microscopic images
(Fig.3) confirm the formation of
a thin polymer film on the sur-
face of the fibers. The results of
scanning electron microscopy
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Puc.1. 3agucumocmb 0AUHbI 0BY2AEHHO20 y4acmKa om KOH-
UueHmpauyuu eeLecms 8 02He3dWUmMHoOM cocmase npu 3axcuza-
HUUu ¢ nosepxHocmu. Hymepauus 06pasuo6 co2nacHo maba.1.
Fig.1. Dependence of length of charred area on concentration of
substances in flame retardant composition when ignited from the
surface. Numbering of samples according to Table 1.

PE3V/IbTATbI UCC/IELOBAHUIA

M3MepeHHe OTHe3aIIHMTHBIX CBOMCTB XJIOIIYATO-
OyMa>kHOM TKAaHU IIPOBeeHbl /1 Tpex BapHaH-
TOB peXXUMOB TepMmoobpaborku: 110, 130 u 150 °C.
HccnenoBaHUS OTHe3aIMTHOM OTHeNKH C IpH-
MeHeHHeM IpejjaraeMblX KOMIO3HUIIUH IOKa-
3a7a4, 4To HeobpaboTaHHas Xja0omuyaTobyMaskHas
TKaHb I[IPH UCIIBITAHUU Ha BOCIJIAMeHsIeMOCTb IIPU
BpeMeHH 3a’KUTaHUs 15 ¢ MOTHOCTBIO CTOpaeT 3a
60 c. Y 06pa3noB, 06paboTaHHBIX OTHE3AMMUTHBIM

Puc.2. 3asucumocmb pa3pbi8HOU HA2py3KU 0M KOHUEHmpa-
uuu seuiecma 8 ozHesawumHom cocmase. Hymepauus 06pas-
408 co2nacHo maba.1.

Fig.2. Dependence of breaking load on concentration of sub-
stances in flame retardant composition. Numbering of samples
according to Table 1.

COCTaBOM, IIPU BpeMeHH 3a’KHUTraHud 15 c BpeMsa
TIeHUs 671M3K0 K HYyI0. MccleoBaHUs ITOKa3a/lHu,
4YTO IIOBBbILIEeHHe KOHLIeHTPALlMK aHTUIIUPeHa [IpU-
BOAUT K M3MeHEeHHUIO CBOMCTB TKaHHU: C pOCTOM KOH-
LleHTPAaLlMK AJKMHA 00yI/IeHHOr0 y4acTKa yMeHbIIa-
nack ¢ 220 go 98 mm (tabn.l1, puc.l).

Bce umccnenoBaHHBe MOAUMPULHUPYIOIHeE
COCTaBBl B OITHUMAJIBHBIX KOHIleHTpaLusx obec-
MeYHBaIOT BBICOKUM 30 deKkT OTHe3alUThl TKAHHU.
M3yyeHHe HM3MeHeHHS NPOYHOCTHU TKAaHHU Ha

show a change in the mor-
phology of the surface of the
treated samples compared to the
untreated samples.

According to the data of scan-
ning electron microscopy and
energy dispersive microanaly-
sis (Table 2), pure cotton fab-
ric contains 69.95% carbon and
30.05% oxygen. After the modifi-
cation, the particles of Si (6.91%),
P (4.25%), S (2.26%) are formed on
the surface of the treated fab-
ric, which are distributed rather
unevenly. It was shown that
with increasing of the concen-
tration of the flame retardant
in the modifying composition,

the content of phosphorus and
sulfur in the processed samples
increases to 6.16% and 3.73%,
respectively.

The results of energy-disper-
sive microanalysis (Table 2) give
an information about the quan-
titative content of elements
in processed and untreated
samples.

CONCLUSION

New compositions based on
sodium silicate and flame retar-
dant have been developed to
impart flame retardant prop-
erties to cellulosic materials.
Optimal conditions for tissue

treatment were determined,
the influence of the concentra-
tion of the working solution, the
impregnation temperature, and
thermal fixation on the flame
retardant properties of the tis-
sue was studied. It has been
shown that cellulose materi-
als modified with compositions
based on sodium silicate and
flame retardant have increased
flame retardant properties.
The proposed compositions pro-
vide improved fire resistance.
Processing can be carried out on
standard industrial equipment
without the need for high-tem-
perature fixation. [ |
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Puc.3. 3/eKmpoHHO-MUKPOCKONUYecKUe CHUMKU 06pa3L08 XxAon4amo6ymaxkHol mkaHu (a), 06pabomarHbix 0z2He3awumHoul Kom-

no3uuueti (b, ¢, d, e)

Fig.3. Electron microscopic images of samples of cotton fabric (a) treated with flame retardant composition (b, c, d, €)

Pa3phIB IIOKa3aJio, YTO pa3pbiBHAs Harpyska
KOHTPOJIBHOT0 obpa3sma coctasiser 202 H, a mocie
obpaborku npu Temmeparype 150 °C Konebraercs
B Hebonpmux npegenax - ot 202 go 196 H (puc.2).
[loBBIIIEHHE KOHILIEHTPALIMU AHTUIIUPEHA IIPHU-
BOAMUT K He3HAYHUTENbHOMY CHUKEHHUIO IIPOYHO-
CTH TKAaHH, a ee BHEIIHUI BUJ U3MeHsIeTCs He3Ha-
YHUTeNbHO. [IoKa3aTeNln BO3AyXONPOHHUIIAEMOCTH
XJIon4aTobyMaskHOM TKaHHU, 06paboTaHHOU IIpes-
JmaraeMoll KOMIIO3HUIIHel, M3MeHSIOTCSI He3HauH-
TeJIbHO U COOTBETCTBYIOT HOPMATUBHBIM TpeboBa-
HUSIM TUTHeHUYeCcKo 6e30MacHOCTH s JAaHHOM
TPyIIIB MaTepHanoB (Tabm.l).

JIeKTPOHHO-MHUKPOCKOIIMYeCKHe CHUMKH (pHC.3)
MOATBEPKAAIT 06pa30BaHUe TOHKOM IT0THMePHOM
IIJIEHKH Ha [TOBEePXHOCTH BOJIOKOH. Pe3yJIbTaThl CKa-
HUPYIOIIEN 31eKTPOHHON MUKPOCKOIIMHU IIOKA3bI-
BAIOT M3MeHeHHe MOP)OIOTHHU IIOBEPXHOCTH obpa-
6oTaHHBIX 06Pa31I0B I10 CPaBHEHUIO ¢ HeobpaboTaH-
HBIMH 06pa3LaMH.

CoryslacHO JaHHBIM CKAaHHUPYIOLIEN 31eKTPOH-
HOM MHUKPOCKOIIMU U 3HEPrOLHUCIEepPCHOHHOTO
MHKpoaHanu3a (Tabm.2), 4ucTas XJ0MKoBas TKaHb
comepKUT 69,95% yriepona u 30,05% Kuciaopoza.
[Tocie MOOUPUKALIMKM HA MOBEPXHOCTH 06pabo-
TAaHHOM TKaHM obpasyiorcsa wacTtuusl Si (6,91%),
P (4,25%), S (2,26%), kKoTOpBle pacIpepesieHbl
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OOCTAaTOYHO HepaBHOMEPHO. II0Ka3aHo, UTO C IIOBBI-
MeHHeM KOHLIeHTPALIUH aHTUIIMPeHa B MOGUH-
LU PYIOIIEeM COCTaBe comepskaHue pocdopa U Ceprl B
obpaboTaHHBIX 0Opa3lax Bo3pacTaer 1o 6,16 u 3,73%
COOTBETCTBEHHO.

Pe3y/IbTaThl 3HEPTOJUCIIEPCHOHHOTO MUKpPOaHa-
nu3a (Tabn.2) marmoT npefcTaBIeHHe 0 KOJIHYeCTBeH-
HOM COZlep>KaHHUU 3/1eMeHTOB B 06paboTaHHBIX U
HeobpaboTaHHBIX 06pa3Iax.

3AK/IIOYEHUE

Pa3paboTaHBl HOBBIe COCTaBbl Ha OCHOBE CHIJIH-
KaTa HaTpHUs U aHTUIIMPeHa A/ NPUIAHUS Ie-
JII0JIO3HBIM MaTepHalaM OTHe3alUTHBIX CBOHCTB.
OnpeneneHbl ONITHUMAJIbHBIE YCIOBHUS 06paboTKuU
TKaHeH, UCCIe0BAHO BIUSHHUE KOHLIeHTPAaLlUU
pabouero pacTBopa, TeMIIepaTyphl IPOMUTKH U
TepMOQUKCALIMH HA OrHe3aIlHUTHBIe CBOMCTBA
TKaHH. [IoKa3aHO, YTO y LeJJIFOJI03HBIX MaTepHa-
JI0B, MOJII/I(PI/IL[I/IPOBB.HHBIX KOMIIO3HUIIMSIMHU Ha
OCHOBe CHJIMKAaTa HaTPUS U aHTUIIUPeHA, [1OBbI-
MIAI0TCSI OTHe3aUTHbIe CBOUCTBA. [IpeAmaraeMsole
KOMIIO3MIIMH 06eCclIeuyHBAIOT yAyUlleHHUe OTHe-
CTOMKOCTH. O6paboTKa MOKeT 6BITH OCYIIeCTBIeHA
Ha CTaHAAPTHOM IIPOMBINIJIEHHOM obopymoBa-
HUH 6e3 Heo6XOQUMOCTH BBICOKOTEMIIEPATyPHOH
dukcauuu.
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