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The article presents data on the development of technology for imparting UV-protective properties to cotton
fabrics at the stages of final finishing. Increase of functionality of textile materials is provided at the expense of
introduction of highly effective methods of processing with use of textile auxiliary substances possessing UV-
absorbing properties, and also application of new chemical and physical methods of intensification of proceeding
processes. Technological solutions for processing cotton fabrics aimed at achieving the required level of physical
and mechanical characteristics and resistance to UV radiation have been developed. The optimal parameters of
preparation of working solutions were selected: concentrations of UV stabilizers, ratio of components, temperature
and duration of treatment. The qualitative characteristics of the treated fabric, including the uniformity of the
protective layer application and UV-protection efficiency, as well as physical and mechanical parameters were
investigated. Both periodic and continuous treatment methods are proposed, providing stable fixation of functional
substances on the surface of textile fibers. Implementation of the developed technology will improve the quality of
finished textile materials due to simultaneous improvement of hygienic and protective properties, reduction of energy
consumption and processing time. The results of the research can be used in the creation of modern technological
processes for the production of textiles from natural, chemical fibers and their mixtures with specified functional
characteristics, including for products of special, medical and everyday use.

Keywords: UV protection, UV finishing, cotton textile materials, UV stabilizers, textile
auxiliaries, functional finishing.
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B cmamue npedcmaenenst oannvie 0 pazpadomke mexHoI0ZUN RPUOAHUA XTIONYAIMOOYMANCHBIM MEKCHUTbHBIM
mamepuanam Y@D-3auumnsix ceoiicmé Ha manax 3arniouumensvroit omoenxu. Ilosviuenue gynxkyuonansnocmu
MEKCMUILHBIX Mamepuanog obdecneueHo 3a c4ém 6HeOpeHUA 6bICOKOIPPeKmusHbIX Memoooe o0opadomkKu ¢
UCNOIb306AHUEM MEKCMUTILHBIX 8CHOMOZAMENbHBIX euiecns, oonaoarouiux YPD-abcopoupyrouumu ceolicmeamu, a
maksice NPpUMEHEeHUsA HOBbIX XUMUUECKUX U (DU3UUECKUX Memo008 UHMEHCUQUKAUUU NPOMEKAIoOWUX NPOUECcCos.
Paspabomansvt mexnonozuueckue pewieHUs no 00padomke XiAONUAMOOYMANCHBIX MKAHEll, HANPAGIeHHble HaA
odocmudiceHue mpeoyemozo ypoeHs (Pu3UKO-MeXAHUYECKUX XApaKkmepucmux u ycmouuugocmu K YD-uznyueHnuro.
Ilooobpanst onmumanvHsle RApamempsl RPUZOMOGIEHUA PADOYUX PACEOPOos: Konuenmpauuu YD-cmaounuzamopoas,
COOmMHOUleHUe KOMNOHEHMO08, memnepamypa u npooonxcumenvHocms oopavomku. Hccnedosanvl KauecmeenHvle
XaApaKkmepucmuKu 06padomantoll mKanu, 6KI0YAA PAGHOMEPHOCHb HAHECeHUA 3AUUMHO20 C10A U IPdhekmusHocmy
Y@-3aupumel, a marsice puzuxo-mexanuueckux noxazameneii. Ilpeonoscenvt Kak nepuoouuecKkue, max u HenpepvigHvle
Memoovl 00pabomku, odecneuugaroujue CMaduiIbHOE 3aAKpenieHUue (QYHKUUOHANbHLIX 6eU{eCé HA HO0BEPXHOCHU
MeKCMUIbHBIX 60710KOH. Bheopenue paspabomannoii mexnonozuu no3e01um NOGbICUMb KAYECHI80 MIEKCIMUIbHBIX
Mamepuanos 3a cuém 00HOBPEMEHHO20 YIAYUUEHUA UZUCHUYECKUX U 3AUUMHDIX CE0IICH8, COKDAWEHUA IHEP2O3AMPAam
u epemenu obpabomku. Pe3ynvmamul uccnedoganus mozym 0vlmp UCHONB306AHbI NPU CO30AHUU COBPEMEHHBIX
MEXHOI02UYeCKUX RPOUECcCcO8 NPOU3E00CHI8A MEKCMUNA U3 HAMYPATIbHBIX, XUMUUYECKUX 60JI0KOH U UX cmecell ¢
3A0AHHLIMU QYHKUUOHATbHBIMU XAPAKMEPUCIUKAMU, 8 MOM YUCTe 01A U30eIuUll CHeYUAIbHO20, MEOUUUHCKO20 U
HOGCEOHeBH020 HA3HAYUECHUA.

KmioueBple ciaoBa: Y®-3ammura, yJIbTpagHoJeTOBasi OTAENKA, XJ0OMYATOOyMasKHbIe

TeKCTHJIBHBIE  MaTepuajbl, Y®-cTa0Mau3aTopbl, TeKCTHJIbHO-BCIIOMOraTeJbHbIe  BellecTBa,
(pyHKIHMOHATBHAS OTHEJIKA.

228


https://orcid.org/0000-0001-5674-7603
https://orcid.org/0009-0001-6481-6928

AJMAaTBI TeXHOJOTUSIJIBIK YHUBePCHTeTiHiH Xxabapmbichl. 2025. Ne4,

VJAbTPAKYJITTH COYJIEJEPAEH KOPFAMTHIH TEKCTHJIb
MATEPUAJIJAPBIH ’KACAY KOHE 3EPTTEY

KK JFOCEHBUEBA", J1. CYTUPEAEBA

(AaMaTtel TeXHOJIOrHsUIBIK YHUBepcuTteT, Kazakcran Pecnyosmkacer, 050012, Anmatel K., Teae ou nanr., 100)
ABTOP-KOPPECHIOHICHTTIH ANeKTPOHABIK momrackl: d.kulmairam@mail.ru*

Maxanaoa maKkma mamanapvlna coHevl apiey Ke3eHOoepiHOe ynbmpaKyaciH KOpeaHwic Kacuemmepin odepy
MexXHON02UACBIHBIH 0aMYbl mypaibl Malimemmep Keamipinzen. Tekcmuib mamepuanoapviHbly YYHKUUOHATObIZbIH
apmmolpy YIbmMpPaKyaciH ciHipeiui Kacuemmepi 6ap MmeKCmuilb KOMEKWIl 3ammapvlH RAiloanaHa Omulpbin,
OHOeYOIH dcozapbl MUimoi adicmepin enzizy, COHOQU-aK MHCYpPin Hcamkan npouecmepoi uHmencupukayuaniayoa
HCAHA XUMUANBIK JHCOHE u3uKkanvlK adicmepin Koaoany. @DU3UKAIBIK-MEXAHUKATLIK CURAMMAMANAPObIH
Kayicemmi Oenzelline >coHe YIbMPAaKyiciH caynenenyze Mmo3imOiliKKe Koa dcemkizyze 0azblmmanzan maKma
MamanapvlH OHOey OOUbIHUWA MEXHONOUANLIK uwiewimoep dcacanovl. Kymovic epiminoinepin O0aiuvlHOaAyOblH
OHmMAUAbLl  napamempnepi  MAaHOA10bl:  YIbMPAKPIZIH — MYPAKMAHOLIPLIUMAPObIY, —~ KOHWEHMPAUUACyL,
KOMnonenmmepoiy, KAmolHACbl, MeMnepamypa Hcone OHoey Y3aKkmoizvl. OHOeN2eH MaAmMAaHvly, CAnAIbIK
cunammamanapel, COHbIH iWinoe My3H12eH KOPRAHbIC KADAMbIHbIY OipKenKinizi Jcane yiompaKyizin cayienepoeH
Kopzayoely — muimoinici,  conoau-ax  (uzuKa-mexaHukanvlk  Kopcemkiwimep  3epmmendi.  Texcmunb
ManublKmapuluoly, 6emine QYHKUUOHAIObL 3amMmapobly, mypaxKmel OeKiminyin Kammamacol3 ememin nepuoonvl
JHcone y30ikci3 oHOey adicmepi ycvinwvinodvl. Kacanzam mexHonouAHbL eH2i3y 2UCUEHATIBIK HCIHE KOP2AHbLUL
Kacuemmepin dcakcapmy, IHepeUus WIbIZbIHBI MeH OHOey YaKblMblH KbICKApmy eceOinen OaiiblH MeKCmuib
MamepuanoapovlHovly, CAnACbiH ApmMmoulpy2a MYMKIHOIK 0Oepedi. 3epmmey Hamudicenepi apHailbl, MeOUUUHAIBIK
JiCoHe KYHOeHIKmi maKcammazol Oyuvimoap ywiin Oepincen (QYHKUUOHANOLIK cunammamanapvl o6ap maoduzu,
XUMUATIBIK, MATUBIKMAPOAH JHCIHE 01apObll KOCHAIAPLIHAH MEKCMUIb OHOIPICIHIY 3aMaHayu mexHoN02UAIbIK,
npouecmepin jcacay Ke3inoe namioanaHslIybl MyMKiH.

Herizri ce3mep: VYJbTpakyJdriH KOpFaHbIC, YJbTPAKYJIriHai Jpjey, MaKTa TeKCTHJIb
MaTepuaJIapbl, YJAbTPAKYJTiH TYPAKTAHABIPFBINITAP, TEKCTHJIb-KOMEKIIi 3aTTap, (PYHKIHOHAIbI
apaey.

Introduction absorb harmful ultraviolet radiation and prevent

One of the topical directions in the field of its penetration through the fabric, thereby
textile industry is the development and reducing the photodestructive effect on the
introduction of functional finishes that provide material and protecting human skin. Depending
additional protection of the consumer from on the chemical nature and mechanism of action,
unfavorable external factors. In particular, special UV absorbents are usually classified into three
attention is paid to the creation of textile materials main groups:
with protection from ultraviolet (UV) radiation, Organic  absorbents have high UV
which can cause destruction of fiber structure and absorption efficiency in certain ranges but can be
also have a negative impact on human health sensitive to temperature and light: benzotriazoles,
[1,2]. benzophenones, oxalilanilides, cinnamate

With the increasing intensity of solar derivatives, salicylates.
radiation, as well as the expansion of textile Inorganic UV absorbers (nanoparticles)
applications in medicine, workwear, sports and have high thermal and photochemical stability,
summer clothing, there is a growing need to work as shielding agents: titanium dioxide
develop effective technological solutions aimed at effectively absorbs UV radiation, is safe, can give
giving textile materials UV-barrier properties. tissues a self-cleaning effect (photocatalysis);
Modern approaches to solving this problem used in the form of nanoparticles [6,7]. Zinc oxide
involve the use of UV-absorbing textile auxiliary has good UV-blocking properties, antibacterial
substances, nanostructured materials, as well as effect, often used in children's and medical
the development of methods of stable fixation of clothing [8,9,10]. Alumina and silicate carriers
functional components on the fiber structure of with UV active components are used as a base for
fabrics [3-5]. the application of absorbents.

To ensure ultraviolet protection of textile Combined systems (hybrid coatings).
materials, special light stabilizers - UV absorbers - Nanocomposites based on TiO: or ZnO with

are widely used in production. These substances
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organic stabilizers increase the efficiency and
durability of the protective effect [11,12].

Sol-gel coatings with UV-absorbing agents
form a thin film on fabrics, lock in well, and
improve wash resistance.

The choice of textile material for imparting
UV-protective properties depends on several
factors: fiber type, its absorption capacity,
compatibility with UV absorbents, treatment
resistance, and the purpose of the final product.
Cotton textile material is an optimal choice due to
its high safety and comfort for the consumer,
which makes it promising for research and
implementation in the production of functional
textile products with improved resistance to UV
radiation [13,14].

Various treatment methods are used to
impart UV-protective properties to textile
materials. The most common is impregnation of
fabrics with solutions with UV absorbents, which
ensures uniform application of the protective
layer. Coating of fabrics with protective
compositions with nanoparticles of titanium and
zinc oxides, which effectively reflect and absorb
UV  radiation, is also  widely used.
Microencapsulation of UV-active substances
allows to increase the resistance of the finish to
washing and mechanical effects. Additionally,
thermofixation and plasma treatment are used to
improve adhesion and durability of the UV
protective layer [15,16].

Despite the presence of a significant
amount of research in this field, the task of
increasing the efficiency of UV finishing while
maintaining the performance characteristics of
fabric, reducing energy consumption and ensuring
technological reproducibility remains relevant. In
this regard, scientifically substantiated
developments are required, including selection of
the composition of technological solutions,
optimization of treatment modes and evaluation of
complex characteristics of finished materials.

The present work is aimed at development
and research of technology of UV finishing of
cotton fabrics, providing stable formation of UV-
protective properties while preserving physical,
mechanical and hygienic indicators of textile
materials [17].

Materials and research methods

The developed composition is an aqueous
solution containing zinc oxide (ZnO) in the form
of a dispersion, a stabilizing or complexing agent,
as well as an acid acting as an acidic pH regulator
and an additional binder. Cotton textile material is
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pre-cleaned from contaminants and application by
washing or treatment in a solution of surfactants,
after which it is dried to a stable moisture state.
Zinc oxide (ZnO) is dispersed in distilled water
with the subsequent addition of stabilizer and
acid. The solution is thoroughly mixed until a
homogeneous suspension is obtained.
Concentrations of components are selected
depending on the required level of UV protection.
The fabric is treated by immersion in the prepared
composition with subsequent squeezing to the
residual moisture capacity of 70-80 %. Samples
are dried at a temperature of 100-110 °C, then
subjected to heat treatment at 140-160 °C for 1-3
minutes to fix the coating and improve adhesion
of components to fibers.
Results and discussion
The research conducted with the use of
spectrophotometer, quantitative indicators of UV
protection efficiency of treated textile samples
were obtained. According to the results of the
study of UV radiation intensity, it was found that
untreated cotton textile material transmits UV
energy with an intensity of 61,2 pW/cmz,
Treatment of the fabric with the developed
composition allowed to reduce the transmitted
radiation to 28,4 uW/cm2. With increasing
concentration of the protective coating, a further
decrease in the level of transmitted UV radiation
was observed, indicating an increase in UV
protection  efficiency. The measurements
demonstrated a significant increase in the
reflection and absorption coefficients of UV
radiation compared to the original, untreated
fabrics. These results indicate the high efficiency
of the developed composition in providing
protection of textile materials from UV exposure.
The physical and mechanical properties of
textile samples were tested in order to confirm
the compliance of the material with the
established safety standards and quality
indicators. In particular, the stiffness indicators
of treated and untreated fabrics were analyzed.
The measurement results showed that the
stiffness of the untreated sample was 49,3 uN-m,
whereas the stiffness of the treated specimen
52,4 uN-m, figure 1. A slight increase in this
indicator is due to the formation of a thin surface
film associated with the application of UV-
protective composition. At the same time, the
deviation remains within acceptable values and
does not significantly affect the flexibility and
comfort of the textile material during operation.
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a)

Figure 1. Results of stiffness tests on textile materials: comparison of untreated materials (a) and processed samples (b)

Textile materials were subjected to pilling
tests in order to assess their resistance to lint
formation during use. According to the test
results, it was found that both untreated and

treated samples of cotton fabrics demonstrated the
maximum — five-point level of resistance to
pilling, Figure 2. This index indicates the absence
of visually pronounced surface flaking.

Figure 2. Results of pilling tests on textile materials: comparison of untreated (a) and processed samples (b).

Preservation of high indicators after
treatment indicates the absence of negative
influence of UV-protective composition on the
surface of fibers, as well as an increase in the
strength characteristics of the material, which
contributes to the extension of the service life of
products and preservation of their appearance
during operation.

Conclusion

In the course of the conducted research the
high efficiency of the developed UV-protective
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composition based on zinc oxide for the treatment
of cotton textile materials was established. The
treatment allowed to significantly reduce the level
of ultraviolet radiation transmittance. The
efficiency of UV protection increased with
increasing  concentration of the applied
composition.

Physical and mechanical tests showed that
the coating application does not adversely affect
the stiffness of the fabric, remaining within the
normal range. In addition, according to the results
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of pilling tests, the treated samples retained the
maximum level of resistance to lint formation,
which confirms the preservation of the appearance
and wear resistance of the fabric after
modification.

Thus, the proposed processing technology
provides a comprehensive improvement of the
operational characteristics of cotton materials,
increasing their protective properties and
durability without deterioration of tactile and
visual qualities. The obtained results confirm the
prospects of the developed composition
implementation in modern technologies of textile
modification.
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