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M ¢ochopcoaepXalinx aHTUMUPEHOB And

npnpaHna OrHe3auwunTHbIX CBOMCTB LL/UIHO/I03HbIM  TeKCTU/IbHbIM matepuanam. WccnepoBaHo
B/INAHNE KOHUEHTpauun UCXOAHbIX KOMMOHEHTOB, TeMnepaTypbl U BpeMeHU TepMOOGpaGOTKM Ha

OrHesaluUTHbIe 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.

pobremMa mpUOaHUS OTHE3AUM[UTHHIX CBOHCTB

TeKCTHUJIBHBIM MaTepHaJlaM Pa3/JIM4YHOM IIpU-

POIBL M Ha3HaudeHUs npuobpetaeT Bce 601b-
IIYI0 aKTYaJIBHOCTh. ITO 00YC/IOBIEHO TeM, UTO OHU
SIBISIIOTCS CepPbe3HBIM HCTOYHMKOM OIMACHOCTU BO
BpeMsI IIO3KapoB, JIerKO BOCIIJIAMeHSII0TCS, CII0Cco6-
CTBYIOT PacCIpOCTpaHeHHUIO IIJIaMeHH, a IIpPU rope-
HUHU BBIIEIAIOT 60JIBIIOE KOJTMYECTBO AbIMa U Ia30B,
TeKCTUIbHBIE MaTepHa/lbl UMEIOT MIHPOKYIO 06J1acTh
IIpUMeHeHHUS B OBITY, IPOMBIIIJIEHHOCTH, Ha TPaH-
CIIOpTe M KaK CIellHMaJibHble 3alUTHBIE CPeACTBa.
OHHU UCIIONB3YIOTCS B KadecTBe IITOP, APAIIHPOBOK,
3aHaBecel, MaTepHUaoB IIPU U3TOTOBJIEHUH MSTI-
KOHM MebenH, CIaJbHBIX MPUHALIEKHOCTEH, CIle-
LHAJIBHOM 3aIUTHOM OJesKAbl U U3NeTHM, I IeKO-
PaTHUBHOM OTAE/JKH Pa3INUYHBIX 10 QYHKIHOHAJIb"
HOMY Ha3HauyeHMIO [IOMeIleHUuH.

B HacTosmee BpeMs B 06/1aCTH CO3aHUS TeK-
CTHJIBHBIX MaTepHaJIOB C OTHe3aMUTHBIMH CBOMCT-
BaMU JAOCTUTHYTH OIlpefie/leHHbIe ycIlexHd. B pas-
JIUYHBIX CTPaHaX MIMNPOKO IIPOBOISTCS UCCIEN0BA-
HUS$, HallpaBJeHHble Ha [IOBhIIIIeHHe OTHe3a U THEIX

CBOHMCTB Kak IIPpUPOAHBIX, TAK U CHUHTETHYECKHX
BOJIOKOH [1-6]. AKTHBHO BHe[IpsieTCsl B IIPOM3BOACTBO
OTHEeCTOMKHUX HOKprTI/Iﬁ H BOJIOKOH 30J/IbITeJIb TeX~
Hosiorus [7-12]. IToaToMy Hcce0BaHHUSI, [IOCBSIILEH-
Hble [10JIyYeHHIO OTHe3AIUTHBIX TeKCTHU/IbHBIX MaTe-
PHaioB MeTOLaMHU 30/Ib-Te/Ib TeXHOJOTHH, a TaAKKe
HM3y4YeHHUIO X CBOMCTB, KMEIOT KaK Hay4yHoe, TaK 1
IIPaKTHYeCKOoe 3HaUeHHe,

Lle/IbI0 HACTOSIEr0 UCC/IeOBAHU A BJISIeTCS II0JIY-
YeHHe LIeJIJII0JI03HBIX MaTePHaJjIoB C OTHe3a U THEIMH
CBOKCTBaMH C IPHMeHeHHeM 30JIb-Te/Ib TEXHOJIOTHH.
B xayecTBe OCHOBHOI'O KOMIIOHEHTA [Jis IPUTOTOB-
JIeHU S 30714 IIpeJlaraeTcs MCIIO0Ab30BaTh CUAMKAT
HaTpHs, B KauecTBe KaTajM3aTopa FUAPOIK3a ~ YKCY-
CHYIO KHCJIOTY, TaKk>Ke Lenecoobpa3Ho NPUMEHUTH
XUMUYECKHe BellleCTBA, CII0COOHBIe CHU3UTh FOPIO-
4eCTh TeKCTHIIA.

METOAWUKA UCCNEAOBAHUA

O6paboTKy xyjonuaTobyMaskHOM TKaHU apTHKYyIa
1030 30/1p-TeJIb KOMIIO3UIIHMEH OCYIeCTB/ISI/IH B [Be
crapguu. CHadana 06pa3nbl X/I0IIKA IIPOIIUTHIBAIH B

AIMATUHCKWI TeXHON0rMYeckni yHnsepcuteT / Almaty Technological University.
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BaHHe C CU/IMKaTOM HaTpPH 4 B TeYeHHe 1 MUH C I1ocjie-
OYIOIIMM OTKMMOM [0 BJIaXKHOCTH 90%, maee cie-
JloBaJla CyIIKa IIpH TeMIlepaTtype 75-85°C B TeueHUe
8-10 MMH, 3aTeM TKaHb II0JBeprasach Tepmoobpa-
6oTKe mmpu TeMmmepaTypax 110, 130 unu 150°C B Teue-
HUe 1 MUH C II0C/IeIyIOIer IIPOMBIBKOM B 60JIbIIOM
KOJIM4YeCTBe OUCTU/ATHUPOBAHHON BOJABL U CYLIKOM.
ITocie 06pabOTKHU CHIMKATOM HaTPHSsI, Ha BTOPOK CTa~
IOUH, 06pasIisl IPOMUTHIBAIN B PACTBOPE AJISI CHHKe-
HU S TOPIOYeCTH TeKCTU/IS (QHTUIIHNPeHe) B TeueHHe
1 MHH, OT’)KMMaJ/IH [0 BIaKHOCTH 90%, BHICYIIHMBAIHA
B TepMomKady npu 75°C B TedyeHHe 3 MHH C II0CJIe-
IyIollel IPOMBIBKOX B JUCTU/IINPOBAHHOM BOJe U
CYILIKOM ITPU KOMHATHOM TeMIlepaType.

VcnbITaHMS OTHe3aIMUTHON 3¢ PeKTUBHOCTH pas-
paboTaHHBIX COCTABOB IIPOBOJIMIIMCh B COOTBETCTBU U

c TOCT P 50810-95, KOTOpBIK pernaMeHTHPYeT
MeTO[bl OIpefeNeHUs] CIIOCOOHOCTH TEKCTHUJIb-
HBIX MaTepHaloB (TKaHel, HeTKAaHBIX IIOJOTEH)
COIPOTHUB/ATLCS BOCIJIAMEHEeHHIO, YCTOUYHUBOMY
FOPeHHIO, a TaKXKe OLeHKH HMX OTHEe3aIIMTHOCTH.
CTaHOapT IpUMeHSeTCS [Jisl BCeX TOPI0YHX JeKopa-
THUBHBIX TeKCTUJIBHBIX MaTe€pPUaJIOB, IIOCTABISeMbIX
norpeburernio.

Crioco6HOCTh 06pa3I0B IPOTUBOCTOSTh PACTATH-
BAIOIIMM YCH/IHSAM [0 Pa3phiBa OIpee/saiv Ha pas-
PBIBHOM MAaIIKHE C IOCTOSSHHOM CKOPOCTBIO OIIyCKa-
HHS HUKHero 3a;kuMa PT-250M-2. McribiTaHHe IIPo-
Boaui0Ch cornacHo 'OCT 8847-85.

J/1eKTPOHHO-MHUKPOCKOIIMYeCKoe U3yueHHe obpas-
LI0B IIPOBOJMJIOCH C IIOMOIIbI0 HU3KOBAKYYMHOIO pac-
TPOBOI'0 3IEKTPOHHOI0 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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Tabauuya 1. Pe3yabmambl UccAed08aHuUsi 06pabomMaHHbIX UeANAO03HbIX MEeKCMUAbHbIX MAmepuanos
Table1. Results of study of processed cellulose textile materials

Bo3payxo-
AnvHa obyrneHHoro
KoHueHTpauus Bewecrs, r/n yyactka, MM : aar?’ p‘;’;i:aﬁ "poz:"'g‘flfz‘{'zc""
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 0bpasel,
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. CpedHuUl 3neMeHMHbIl cocmas HeobpabomMaHHbIX U MoOUDUUUPOBAHHBIX XAONYAMObYMAXKHbIX MKAHEL, NOAY4eHHBbIl C Uc-
N0Ab308aHUENM IHEP200UCNEPCUOHHO20 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

McxopHbIn obpasel,

Original sample BEED S

1 20 45,54 41,05 6,91 4,25 2,26
2 30 42,81 41,25 7,62 5,18 3,13
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 06Y2AEHHO20 Yy4acmKa om KOH-
UeHmpayuu eew,ecms 8 02He3dWUmMHoOM cocmaee npu 3axcuza-
HUU ¢ 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

M3sMmepeHHe OrHe3aIUTHBIX CBOMCTB X/IOMNYaTO-
OyMa>kHOHM TKAaHHU IIPOBeleHbl /I Tpex BapHaH-
TOB peXUMOB TepMmoobpaborku: 110, 130 u 150 °C.
HccnenoBaHMsl OTHE3AIIMTHOM OTAENKH C IPHU-
MeHeHHeM IpeJjlaTaeMblX KOMIIO3HIIUM II0Ka-
3a71M, 4To HeobpaboTaHHas XjaomuyaTobyMaskHas
TKaHb [IPU UCIBITAHUY Ha BOCIIIAMEHSIEeMOCTh IIPH
BpeMeHH 3a’KMTaHMs 15 ¢ IMOJIHOCTBIO Cropaer 3a
60c. VY o6pa3u013, 06pa6OTaHHbIX OTHe3alllUTHbIM

Puc.2. 3asucumocmb pa3pbl8HOU HAz2py3KU 0mM KOHUEHmpa-
uuu eeuwecma 8 ozHesawumHom cocmase. Hymepauus 06pas-
408 co2AacHo 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’KHUTaHUd 15 c BpeMs
TIeHUs 671M3K0 K HYyI0. McclefoBaHUS ITOKA3a/lHu,
4YTO MOBBbILIeHHEe KOHLIeHTPALlMK AaHTUIIUPeHa [IpU-
BOAUT K M3MEeHEHHUIO CBOMCTB TKaHHU: C pOCTOM KOH-
LIeHTPallU U JJIMHA 06yI/IeHHOr0 y4acTKa yMeHbIIa-
nack ¢ 220 go 98 mm (tabn.l1, puc.l).

Bce uccnemoBaHHBe MOLUQUIHUPYIOIHeE
COCTaBBl B OITHUMAJIBHBIX KOHIleHTpaLusx obec-
MeYHBaIOT BBICOKUH 3¢ eKT OTHe3aIUThl TKAHHU.
M3yyeHHe M3MeHeHHS NPOYHOCTH TKAaHH 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. 2AeKmpoHHO-MUKPOCKONUYecKue CHUMKU 06pa3L08 XAon4amobymaxxHol mkaxu (a), 06pabomarHblx 0zHe3auUumHoll Kom-

no3uuueti (b, ¢, d, e)

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

pPa3pBIB IIOKa3ajo, YTO pa3pbIBHAS Harpyska
KOHTpOJIBHOT0 0bpa3sna coctasiser 202 H, a mocie
obpaborku nmpu Temmeparype 150 °C Konebraercs
B Hebonpmux npegenax - ot 202 go 196 H (puc.2).
[ToBBIIeHHEe KOHIIeHTPAllUHU AHTUIIUPEHA IIpHU-
BOJAUT K HE3HAUYUTEJbHOMY CHHKeHHIO IIPOYHO-
CTH TKaHH, a ee BHEIIHUH BU/J U3MeHseTCs He3Ha-
YHUTeNbHO. [IOKa3aTeNH BO3/YXONPOHUIAeMOCTH
XJon4aTobyMaskHOM TKaHHU, 06paboTaHHOU Ipes-
JmaraeMoll KOMIIO3HUIIKel, H3MeHSIOTCSI He3HauH-
TeJIbHO U COOTBETCTBYIOT HOPMAaTHUBHBEIM TpeboBa-
HUSIM THTHeHHYeCKON 6e30IIacHOCTH /ISl JAHHOH
TPyIIIBI MaTepHaoB (Tabm.l).

/1eKTPOHHO-MHKPOCKOIIMYeCKHe CHUMKH (pHC.3)
MOATBEPKAAIT 06pa3oBaHMe TOHKOM IT0THMepPHOM
IIJIEHKH Ha [TI0OBEePXHOCTH BOJIOKOH. Pe3yJIbTaThl CKa-
HUPYIOLEH 3JIeKTPOHHON MHKPOCKOIIUH IIOKA3bI-
BAIOT U3MeHeHHe MOP)OIOrUH ITOBEPXHOCTH obpa-
6oTaHHBIX 06pa3110B I10 CPaBHEHUIO ¢ HeobpaboTaH-
HBIMH o6pa3laMu.

CoryllacHO JaHHBIM CKAaHHUPYIOLIeN 31eKTPOH-
HONM MUKPOCKOIHH U SHEProfUCIEePCHOHHOIO
MHUKpOaHanu3a (Tabi.2), YucTas XJI0IKOBas TKaHb
comepKHUT 69,95% yriepoma u 30,05% kuciaopoza.
ITocme MoguHUKALMK Ha IIOBEPXHOCTH obpabo-
TAaHHOM TKaHM obpasyiorcsa wacTtuusl Si (6,91%),
P (4,25%), S (2,26%), KOoTOpBle pacIipefesieHHl
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OOCTAaTOYHO HepaBHOMEPHO. [I0Ka3aHo, UTO C IIOBBI-
MeHHeM KOHLIeHTPALIMH aHTUIIMPeHa B MOGUHU-
LU PYIOIIEeM COCTaBe comepsRaHue pocdopa U Ceprl B
obpaboTaHHBIX 06pa3Lax Bo3pacTaer 1o 6,16 u 3,73%
COOTBETCTBEHHO.

Pe3y/IbTaThl 3HEPTOJUCIIEPCHOHHOTO MUKpPOaHa-
nu3a (tabs.2) JAIOT Ipe/CTaBlIeHHe 0 KOTUYeCTBeH-
HOM COZep>KaHHUU 3/1eMeHTOB B 06paboTaHHBIX U
HeobpaboTaHHBIX 06pa3Iiax.

3AK/IIOYEHUE

Pa3paboTaHBl HOBBIe COCTaBEl Ha OCHOBE CHIIH-
KaTa HaTpHUs U aHTUIIMPeHa [/ NPUIAHUS Ief-
JI0JIO3HBIM MaTepHallaM OrHe3al[UTHBIX CBOKCTB.
OnpeneneHsl ONITHUMAJIbHBIE YCIOBHUS 06paboTKuU
TKaHeH, UCCIe0BAHO BIUSHHUE KOHLIeHTPAaLlUHU
pabouero pacTBopa, TeMIepaTyphl HIPONUTKH U
TepMOQUKCALIMH HA OrHe3aIHUTHBIe CBOMCTBA
TKaHH. [IoKa3aHo, YTO y LeJJIFOJIO3HBIX MaTepHa-
N10B, MOOUQUIIMPOBAHHBIX KOMIO3UIIUSIMHU Ha
OCHOBe CHJIMKAaTa HaTPUs U aHTHUIIUPEHA, [OBbI-
IIAOTCSI OTHe3alIUTHbIe CBOMCTBA. [Ipeaiaraemele
KOMIIO3HIIMH 06eCclIeuyHMBAIOT yAyUlleHHUe OTHe-
CTOMKOCTH. O6paboTKa MOKeT 6BITH OCYIIeCTBIeHA
Ha CTaHAAPTHOM IPOMBIINIJIEHHOM obopymoBa-
HUU 6e3 He06XOLMMOCTH BBICOKOTEMIIEPATYPHOM
dukcanuu.
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