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The article presents data on the study of textile materials with protective properties against ultraviolet radiation (UV).
The study is devoted to the development of new methods for improving the protective properties of textile materials based on
mixed cotton/polyester and polyester fibers. Sodium hypophosphite and titanium dioxide were used as functional additives.
It has been shown that the treatment of materials with these reagents leads to a significant reduction in the transmission of
ultraviolet radiation. The mechanism of action of reagents is related to their ability to absorb and scatter UV radiation. The
results of the analysis of the effectiveness of these reagents on textile materials are presented, and a method for their
application is developed. The study demonstrates the high efficiency of these materials in reducing the impact of UV rays,
which allows us to consider them as promising for use in the textile industry, including for protection against solar radiation.
Tests were carried out for the physical and mechanical properties of textile materials to confirm the compliance of products
with the established safety standards and quality indicators.
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B cmamve npedcmagnenvt OanHble RO UCCTE006AHUI0 MEKCMUTILHLIX MAMEPUALOE, 001a0aA0UUX
3augumnelmu  ceolicmeamu om yavmpaghuonemoeo2o usnyuenus (Y®). Hccnedosanue noceauwieno paspadomke
HOGBIX MEN0008 NOGLIUEHUA 3AUUMHBIX CEOUCHE MEKCIMUNbHBIX MAMEPUATIOE HA OCHOBE CMEULAHHBIX 60JI0KOH
Xsionok/nonuighup u noaudpup. B kauecmee pynkyuonanpbHvix 0006a80K 0bl1U UCNOIB306aHb 2UNOGOCHUmM Hampus
u ouoxcud mumana. Ilokazano, umo o6padomKa mamepuanos IMuUMU peazeHmamu RPUGOOUM K CYU{eCmEeHHOMY
CHUJICEHUIO RnpOnycKanus yibmpaguonemosozo uziyuenusn. Mexanuzm Oelicmeus peazenmos c6A3aH ¢ UX
cnocobnocmpio noznowams u pacceusamy Y®-uznyuenue. Ilpeocmagnenst pezynomamol ananuia pghekmusnocmu
IMUX PeazeHmoé HA MEKCMUIbHLIX MAMepuanax, a makxyice papadomana MemooOuKa ux nPUMEHEeHUsl.
Hccneoosanue demoncmpupyem 6viCOKyIo IhheKmuenocmo yKa3anHvlX MAMEPUANOs 6 CHUNCEHUU 8030eiCmeus
Y®-nyueir, umo noszeonnem paccmampueamv ux KaK nepcneKmugHvle O34 NPUMEHEHUA 6 MEeKCHUIbHOU
RPOMBLULIEHHOCINU, 6 MOM HUC/Ie OlA 3aWumol Om conHeuHo20 usiyuenus. Ilpogedenvt ucnvimanua nHa usuko-
MexanuuecKue C60lCmea MEKCMUNbHBIX MAMEPUALos, 011 NOOMEEPHCOEHU COOMEEMCMEUs npPoOyKyuu
YCMAHOB/ICHHBIM HOPMAM 0e30NACHOCIMU U KAYeCHECHHBIM NOKA3AMEAM.

KarwueBble cjJ0Ba: CMeCOBble TeKCTHJIbHbIE marepualibl, y.]'lepa(l)I/IO.]'leTOBOC HU3JIyYE€HHUEC,
3AKIIOYUTEC/IBbHAA OTACJAKA, JUOKCUI TUTAHA, 3AllIMTHLIC CBOﬁCTBa, 0€e30MacHOCTD.
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Makanada ynempaxynzin caynenenyoen (YK) Kopzaimovin Kacuemmepi 6ap meKcmuib Mamepuanioapvii
3epmmey mypansl majiimemmep Kelmipinzen. 3epmmey HCYMbICbl aApanac MAaxKma/noauIcmep HHcoHe NOaUIGup
mManuplKmapsl Hezizindezi meKCmuib MamepuanoapviHbly, KOP2anblii KAcUemmepin apmmaipy OblH, Jcana 20icmepin
azipneyze Oazeimmanzan. OYHKYUOHANObI KOChAnap peminde Hampuili zunogochumi men muman Ouoxcuoi
Konoanwvinovl. byn peazenmmepmen oHO€y mMeKCMUNL MAMEPUATBLIHBIY YIbMPAKYASIH Ccoynenepin  OmKizyi
anmapnvlKmai momeHoezeHin kopcemeoi. Peazenmmepoin acep emy mexanuzmi onapoviy y1bmpaxkyicin cayienepin
CiHipy dicone mapamy Kabinemimen oOailranvicmol. byn peazenmmepoiny mexcmuno mamepuanoapovlHa acepiHiH
muimoinizin manoay Hamuicenepi YColHblIO0bl, COHOAU-AK 01apobl Koaoany adicmemeci a3ipnendi. 3epmmey
Hamuicenepi GOUbIHUA OHOEI2EH MAMEPUAnNoapa yibmpaxkyicin caynenepi acepin momenoezeHin Kopcemeoi, oy
071apObl MEKCM UL OHEPKICIOINOEe KYH PAOUAUUACIHAH KOP2AY2A APHANRAH MAmMepuan peminoe onoipyze MymKinoiKk
Oepedi. Onimnin denzinenzen Kayincizoik HOpManaPvLInG JHcaHe CAnanblK KOpcemKiuimepine cauKkecmizin pacmay yuiin
mMeKCmUu1b Mamepuandapblna QuU3nKaIbIK-MexXanuKkaaivlK Kacuemmepine ColHaKmap Hcyp2izinoi.

Herisri cesnep: apajac TaJIIBIKThI TEKCTHIb MATEPHAJIAPSI, YIBTPAKYJITIH CdyJie, COHFbI OHJEY,
TUTAH JMOKCUi, KOPFAHbIC KacueTTepi, Kayincizaik.

Introduction White can only reflect visible light and cannot

Every year the number of cases associated effectively block UV rays [7].
with the negative impact of UV rays on human Thicker fabrics in various types of clothing
health, as well as on the durability of textiles, is resist UV radiation more effectively compared to
increasing. Ultraviolet (UV) radiation is a thinner fabrics. Polyester fibers have the highest
significant threat to textile materials, which can resistance to ultraviolet radiation due to the
lead to deterioration of their properties and presence of a benzene ring in their molecular
premature wear. In the context of global warming structure, which allows them to effectively absorb
and increasing solar radiation intensity, the need to ultraviolet rays. Nylon, cotton, and silk have low
develop materials that can effectively block UV UV resistance. Therefore, when choosing clothes
rays is of particular importance. Therefore, the resistant to ultraviolet radiation, it is advisable to
creation of textile materials with improved give preference to denser fabrics containing
protective properties against UV rays is an urgent polyester fibers [8-11].
task of the modern textile industry [1-3]. In recent years, the world's leading studies

The ability of tissues to resist UV radiation have shown the effectiveness of using various
depends mainly on their ability to protect against chemical compounds to protect textiles from UV
UV radiation [4,5,6]. The scattering and reflection rays [12, 13]. In particular, work from the USA and
effects must take into account various factors of the Germany demonstrates that the use of nanosized
fabric itself, such as the structure of the fabric, the titanium oxide particles can significantly increase
original structure of the yarn, the variety and UV protection. For example, a 2021 study
regularity of the fibers, and the color of the fabric. conducted at the Massachusetts Institute of
Dark colors absorb UV rays most effectively, Technology showed that nano-sized titanium oxide
making them the best for preventing UV radiation. particles can increase the effectiveness of UV
The darker the color, the higher its UV protection, protection by up to 95%, while maintaining high
such as black, dark blue, dark blue, and dark purple. breathability of the fabric. Similarly, studies in
Bright colors, in addition to dark colors, have the Japan have confirmed the effectiveness of using
ability to absorb UV rays. For example, a bright red sodium hypophosphite in combination with other
color with a longer wavelength can absorb a components to create durable and UV-resistant
significant amount of the sun's ultraviolet rays. textile materials [14-17].
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For UV-resistant finishes of blended fabrics,
impregnation methods are still technically
preferred. This process has less impact on fiber
properties, fabric style, moisture absorption and
strength. In addition, it can be combined with other
functional coatings such as antibacterial,
deodorizing, hydrophilic, and others. The
production of textiles that are UV resistant belongs
to the category of textile post-processing. First of
all, this involves the application of UV-resistant
finishing products, the preparation of finishing
solutions and the selection of appropriate finishing
processes, absorption or impregnation methods.
The process of finishing UV-resistant fabrics
depends on the type of fabric and its further use.
Therefore, it is necessary to treat textiles with a
UV-resistant finish [18, 19].

Materials and research methods

The treatment process included impregna-
tion with solutions: sodium hypophosphite 15-20
g/l, titanium dioxide 3-5 g/l, citric acid 25-30 g/I.
The samples were impregnated with the proposed
composition in solutions for 2-3 minutes at room
temperature, then dried and heat-treated.

Impregnation bath module 200 ml. Sodium
hypophosphite and titanium oxide are the main
reagents used to create UV protection in textile
materials. Sodium hypophosphite acts as a
stabilizer to prevent the breakdown of fibers when
exposed to UV rays, while titanium oxide, being an
effective UV absorbent, blocks the penetration of
harmful radiation [20, 21].

Results and discussion

Blended textile materials, due to their
composition, have unique properties that can be
improved with the correct use of chemicals. The
following tissues were chosen as the object of
study: polyester 100 % (surface density 180 g/m?),
polyester 65 %/ cotton 35 % (surface density 180
g/m?), polyester 65 %/ cotton 35 % (surface density
250 g/m?).

In addition, tests were carried out for
physical and mechanical properties to confirm the
compliance of products with the established safety
standards and quality indicators. A tensile machine
was used to determine the tensile characteristics
RT-250M, GOST 3813-72 [22]. The results are
presented in the Table 1.

Table 1. Absolute breaking load values for polyester and cotton/polyester blends

Component concentration, g/l
Heat treatment time , 125 °C, time 60 s
- =g Breaking load, F (kgf) '
S S <) processed materials raw materials
Ne & | | & wa fi fi
S 2 5 g. p we wal we
_ _ S = I~ o - = B = s = s T
Textile materials | 8. 2 | 2| =] = ~ | = ~ | = — PN
= X, e & 8 & 8 & 8 & =
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According to the data obtained, it is shown
that the breaking load of treated textile materials
for polyester 100 % was 68,34 kgf, the breaking
load of the untreated fabric was 48,02 kgf there is
a significant increase in tensile characteristics. For
the second two textile materials, the tensile
characteristics also increase, the breaking load of
the finished samples was 49,157 kgf and 54,23 by
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base, the raw base 42,59 kgf and 47,01 kgf,
according to the density 180 g/m?and 250 g/m>.

Determination of the resistance of the fabric
to surface wetting was carried out in accordance
with GOST 30292-96 [23], device MT 032. The
degree of water repellency is estimated in
conventional units depending on the condition of
the wet surface of the sample, the results are in
Table 2.
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Table 2. Water repellency of polyester and cotton/polyester blends

Ne Sample state, conventional units

1 raw materials processed materials

2 PE100 % PE 65%/ cotton PE 65%/ cotton PE100 % | PE 65%/ cotton | PE 65%/ cotton
(180 g/m?) 35% (180 g/m?) 35% (250 g/m?) | (180 g/m?) | 35% (180 g/m?) | 35% (250 g/m?)

3 100 50 60 100 60 80

According to the results obtained, the
treatment of textile materials with the developed
composition reduces moisture absorption. After

hydrophobization, the fabric remains breathable,
retaining its basic hygienic properties figure 1.

Figure 1. Hydrophobic wetting conditions

From an optical point of view, when light is
projected onto an object, some of it is reflected off
the surface, some is absorbed by the object, and the
rest passes through the object. In general, the sum
of transmittance, reflectance and absorption
coefficient is 100%. The principle of UV-resistant
treatment involves the use of UV blockers to treat
fibers or fabrics. When light radiation reaches the
tissue, a small part of it passes through the gaps in
the tissue, whereas most of it is reflected or
selectively absorbed by UV blockers. The absorbed
light is converted into low energy, which is then
released, effectively blocking UV radiation. The
results of the UV protection study were 75-85%,
demonstrating the effectiveness of textile material
processing.

Conclusion

Studies have confirmed the effectiveness of
the use of sodium hypophosphite and titanium
dioxide to create textile materials with high
protective properties against UV rays. The
developed processing methods can significantly
increase the durability and safety of textile
products, which opens up new prospects for their
use in various industries, including protective
clothing and interior items, furniture fabrics. The
physicochemical properties were studied and the
dependence of the physical and mechanical
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properties of finished textile materials on the
chemical structure and physicochemical properties
of preparations used for UV finishing was
established.
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Hanokypuliusimobl Memann HcadblHOApblH KOJI0AHY APKbLIbl MOKbIMA MAMEPUanoapbln Mooudukayusanay
Oaxmepusza Kapcol Kacuemmepi 6ap onimoepoi oaiivindayza 6azpimmanzan Kazip2i menoenyus 00asln maowvliaooi.
byn srcymovicma muic keuienoi epimindicimen onodenzennen Keitin Fittex mpuxkomajzx;c man2eluiblioly, Kacuemmepi
JcaxKcapowl, Oy MeOUyUHAOa KONOAHbLIAMBIN MUIMOL JHCIHE KAYINCi3 mMaHuiimapobly, Kajxcemminiziniy apmyuvina
akenoi. 3epmmeyoiy makcamol: Fittex mokblizan manebluimolly He2i32i KACUEMIN JHCaKcapmy, OHbl MblC KeuleHnoi
epimindicimen oHOey apKblibl YHEMOINIZi HCO2apbl HeoHE KOPRAHBIC KACUEMmMEPIH JHCAKCAPMAmvli MeOUUUHAIbIK
mangetuumapost yncacay 0010vl. Mvicmoiy HAHOOOIUIEKMEPIHIH, MOKbLIZAH MAHLIWMBIY, 0emine 0ipKeaKi
mapanysina, o1aposly eauiemoepi MeH CUNAmMmMAamManapslna acep emyine dacmol Hazap ayoapuinovl. Kymvicmoty
2bLBIMU ePeKuletizi MamansvlH KEpoliabiMObIK-MeXAHUKAIBIK Kacuemmepine acep emneil, y3aK mMep3imoi bakmepusza
Kapcol 0e1cenOinikmi Kammamacslz ememin mvlc HeabblHObICHIH Heazy d0icin azipaeyoe yncamolp. IIpakmuxanvik
UHHOGAUUA NPOPUIAKMUKA YWiH MEOUUUHATBIK MaJCcipudede MoOUpUKAUUAIAHZAH MAHLIUWMbBL KOAO0AHYObL
Kadicem emmi. 3epmmey adicmemeci, mamepuaiovl OHOeEy, MblC KOMNIEKCHmI epimindicine bamulpy 20ici, cOOaH Kelin
Kenmipy, COHbIMEH KAmap MblC HAHO0OUEKMEPIHIY 0emiHiH KYpoliblMbl MeH MAapaiyblH 3epmmey YuliH
UHPPAKBI3LLT CHEKMPOCKONUA JHCIHE IIEeMEHMMmIK manoday cUAKmbl CHEKMpAIK manoay aoicmepin Ko10amy.
baxmepusaza Kapcel Kacuemmepin 0Oazanay ywiin apmypai namozeHOiK 3epmmeyinepze Kapcvl 0eaceHoiniK
COIHAKmapwl Heypeizinoi. 3epmmey Hamudiceaepi moKpli2an maneluimoly, 6emine moic 601UIeKMEPIniy mapaiysiu
Jcane onapoviy dcadvicyvln kopcemmi. Moouguxkayuananzan mMoKbIAZAH MAHILIUMBIY, OAKmMepua2a Kapcol
Kacuemmepi ukemoOiniKk nen 0Oepikmix CUAKMbl MEXAHUKANLIK Kacuemmepoi cakmail Omulpvln, aimapiviKmail
scakcapovl.  Homuowenepdi  manoday  meOuyuHanvlx  OHIMOEpOiH  AcCOpmMUMEHMIH  KeHeumy  Yulin
MOOUPUKAUUATIAHIAH MAHZLIUIMBL KOJIOAHY Y20ecin Kopcemeoi. Kymvicmully KYHOBLIbIZbI MbIC MOOUDUKAUUACH
apKblIbl MOKBLIZAH MAHILIUWMMBLY KACUemMmePIiH RaAl0ananyoblyy muimoi a0icin azipneyoe. 3epmmey Homudicenepi
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