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The article discusses the use of nanotechnology in the production of tex-
tile materials. Considering the fact that a person today is affected by
many external factors, which can cause a negative impact on his body, the
creation of tissue packages with multifunctional properties is appropriate.
The work presents the results of research into the properties of textile
materials using nanofibres; the impact of created materials on the human
body is investigated; methods of packaging clothing details are studied;
methods and means of creating packages of textile materials using nano-
modified materials are investigated. Particular attention is paid to the
issue of methods of connecting packages of textile materials using nano-
modified components, in particular, attention is focused on the option of
creating a package of materials with the addition of nanomodified compo-
nents, which consists of two non-woven materials different in their raw
material composition (70% hemp fibres and 30% polyester including 15%
low-melting polyethylene) and non-woven material obtained by the adhe-
sive method with antimicrobial properties, which are connected by an ad-
hesive thread. The creation of such a package solves the problem of
providing the necessary elastic properties, and an additional layer of na-
nomaterial based on nanomodified fibres ensures the antibacterial proper-
ties of the package. The work proposes to use textile materials with cer-
tain properties in those parts of clothing, where it is necessary.

Y craTTi pO3TAAHYTO MUTAHHSA BUKOPUCTAHHS HAHOTEXHOJOTIH Y BUPOOHUII-
TBi TEKCTUJIBLHUX MAaTepifsiB. BpaxoBywouwm Te, 110 Ha JIOAWUHY CHOTOMHI Hi€
faraTo 30BHIIIHIX UMHHUKIB, AKi MOMKYTh CIPUUMHUTH HETATUBHUN BILJIUB
Ha ii opraHiam, CTBOpPEeHHS MHAaKeTiB TKAHMH 3 HOJi(YHKIIIOHAJIBHUMHU BJIAC-
TUBOCTSIMHU € JOpeuHuM. B pobOTi mpeacTaB/ieHO pPe3yJabTATH OOCJiIKeHb
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BJIACTUBOCTEN TEKCTUJIbHUX MAaTepifAJiB 3 BUKOPUCTAHHSAM HAHOBOJIOKOH,
BMBUYEHO BIJIUB CTBOPEHMX MAaTepifAJiB Ha Opramism JIOAWHUW, BUBUYEHO Me-
TOAY TTaKeTYBAHHA JeTaNliB OOATY, MOCIiI:KEeHO MEeTONU Ta 3aco0M CTBODEH-
HS TaKeTiB TeKCTHUJIBHUX MATepisjiB 3 BUKOPUCTAHHAM HaHOMOAU(DiKoBa-
HuX Marepigani. OKpemMy yBary IpHUAiJIeHO IIUTAHHIO METOJiB 3’ e€IHAHHS
MaKeTiB TEeKCTHUJIbHUX MATEPiAJiB 3 BUKOPHUCTAHHAM HaHOMOAU(iKOBaHUX
KOMIOHEHTIB, 30KpeMa 30CepeAsKeHO yBary Ha BapisHTiI CTBOpPeHHS IIaKeTy
MaTepiAaiB 3 JomaBaHHAM HAHOMOAM(pDIKOBAHMX KOMIIOHEHTIB, AKUH CKJa-
IaeTbCA 3 MBOX HETKAHUX MAaTepidAiB, pPi3HMX 3a CBOIM CUPOBUHHUM CKJIa-
noMm (70% xoHomnsaHMX BOJOKOH i 30% mouiedipy, B T.4. 15% HM3BKOTOI-
KOro IIoJIieTujIeHy) Ta HeTKaHOTO MAaTepifay, OJep:KaHoro KJIEHOBUM MeETO-
IOM, 3 aHTUMiIKPOOHMMU BJIACTUBOCTSIMHU, AKi 3’€qHaHI KJIEHOBOIO HUTKOIO.
CTBOpPEeHHS Takoro IIaKeTy BHUpilllye mpobyieMy 3abesmneueHHA HeOOXiTHUX
IPY:KHiX BJACTHUBOCTEM, a HOAATKOBUII MPOIIIapOK HAHOMATEPifAJIYy Ha OCHOBI
HamoMoAn(piKOBaHMX BOJIOKOH 3abesmeuye aHTHOAKTEPiAJbHI BJIaCTHUBOCTL
maxkery. B po0OTi MPOMOHYETHCA 3aCTOCOBYBATHM TEKCTUJILHI MaTepianau 3
BU3HAYEHUMHU BJIACTUBOCTAMHU B THUX YaCTUHAX OAATY, A€ Ile HeoOXimHO.
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1. INTRODUCTION

The new millennium has witnessed significant research and devel-
opment worldwide in the field of nanotextile development. In recent
years, a number of innovative approaches have been implemented,
which tend to apply the functional properties and adaptation of fab-
rics to specific requirements. The main and most promising direc-
tion of expanding the assortment and improving the properties of
textile materials of various compositions is not the development of
new types of chemicals for the production of textile fibres, but the
modification of already existing fibres and finished textile materi-
als in order to give them new properties.

The results of the research of nanomaterials have created a great
potential for the production, and the synthesis of high-tech materi-
als of a new generation with improved properties, or with complete-
ly new, previously unknown, valuable properties. When developing
this method, the main problem is to identify the regularity of the
combination of different molecular structures to create nanomateri-
als with predetermined properties.

The study of these issues makes it possible to expand the infor-
mation space, scientific and industrial cooperation with other coun-
tries, and expand the sales market for products of the national
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manufacturer, including scientific ones. The possibility of Ukraine's
participation in these processes as an equal partner exists only un-
der the condition of carrying out developments or producing com-
petitive products. Today, without the latest achievements, it is im-
possible to solve the task of providing textile materials in various
spheres of the economy: automobile construction, road construction,
the agricultural sector, the development of health care items, per-
sonal protection, etc. Based on this, it is possible to establish the
fact that the problem of finding ways to create high-quality nano-
modified materials for various fields of application is a priority di-
rection for the development of the global textile industry and
should become such for Ukraine.

2. EXPERIMENTAL DETAILS

The term ‘nanotechnology’ was first used and put into circulation
in 1974 by the Japanese scientist Professor Norio Taniguchi of the
University of Tokyo, but only in 1980 the measuring and working
equipment necessary to work with nanoscale objects appear ap-
peared [1]. Later, more and more companies began to invest in the
development of nanotechnology. Today, many countries of the world
are conducting intensive fundamental research on the creation of
new nanomaterials with special properties [2—4].

Thus, it can be stated that the development of nanotechnology is
taking over the world on a large scale, while not separating the use
of nanoparticles in certain branches of production, which makes it
possible to optimize the process of manufacturing various textile
materials, and as a result, clothes, which can be used for various
purposes, starting from clothes for everyday use and ending with
workwear.

At the moment, the use of materials with multifunctional proper-
ties is gaining more and more importance, because with the devel-
opment of science, technology and human needs, the properties that
materials should have are constantly changing. Therefore, the use
of fabrics with nanoparticles, and, as a result, textile materials
with multifunctional properties, is of great importance to human-
kind and is actively being implemented in production.

The analysis of global trends in the development of textiles indi-
cates a fundamental change in the concept of ‘multifunctional tex-
tiles’. The main task that is solved when creating nanotextiles is to
ensure the necessary set of properties depending on the type of
product. In this regard, in the last five to seven years, a new ap-
proach has been formed in the development of textile materials for
a new purpose—the creation of multifunctional materials. When
designing multifunctional nanotextiles, one has to solve the prob-
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lem of combining several necessary properties, sometimes opposite
ones, in one material. The possibility of solving this problem de-
pends on a rational combination of the properties of the raw mate-
rials, the structure of textile materials and the technology of their
production. One of the ways to solve such compromise problems can
be the creation of multilayer textile composite products by connect-
ing (layering) individual textile products with different properties
into one structure. This method makes it possible to use the ad-
vantages of each of the components and provides a fundamental op-
portunity to vary the properties of materials within the fairly wide
limits. Polyfunctional textile composite materials can find qualified
applications in various industries.

A promising direction is the study and improvement of technolo-
gies for obtaining non-woven materials, fabrics and products made
of fibres, threads or other types of materials (textile and their com-
binations with non-textile, for example, films) without the use of
spinning and weaving [6, 7]. In comparison with the traditional
methods of production in the textile industry, namely, weaving and
spinning, the production of non-woven materials is distinguished by
the simplicity of the technology (including the reduction of the
number of technological stages), the increase in the productivity of
the equipment and, therefore, lower capital and labour costs, the
variety of the range of cloths, the possibilities rational use of vari-
ous raw materials, lower cost of production, implementation of
maximum automation of production, i.e., creation of flow lines and
automatic factories, and non-woven materials themselves have high
operational properties. Therefore, non-woven materials have become
one of the main types of modern textile products, although their
large-scale industrial production appeared only in the 1940s of the
20th century. At the moment, the production of non-woven materi-
als is quite important, because their properties allow them to be
used quite widely in various areas, for example, household, medi-
cine, construction [8].

Packaging of clothing parts is carried out in various ways:
thread, glue, welded [9]. The use of one or another connection in
each specific case depends on the requirements for it, the type of
connection of materials, the thickness of the package, as well as on
the power and capabilities of the equipment used. Thus, work [10]
shows the effective use of polymer sheets in the interlayer between
fabrics, which become thinner as humidity increases, thereby reduc-
ing the gap between fabrics and reducing thermal insulation. Such
moisture-sensitive polymers can be effectively used for the manu-
facture of clothing, which will provide comfortable conditions for
being in it. Regarding the production and use of non-woven materi-
als in the manufacture of clothes, the important point of using this
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or that connection in each specific case depends on the requirements
for it, the type of connection of materials, the thickness of the
package, as well as on the power and capabilities the equipment
used.

The connection of layers of materials with the help of an adhesive
thread that has antimicrobial properties can be considered as one of
their alternative methods of packaging materials. Adhesive thread
is a monofilament or polyfilament fibre made of a thermoplastic
polymer. Adhesive thread is used to connect inconspicuously parts
of clothing or a package. The second direction of using such a
thread is the creation of non-woven materials from synthetic and
natural fibres and their use in the creation of bags. The quality of
the created package depends on the characteristics of the main ma-
terial, the spacer material and the duplicating modes. Taking into
account the above, there was a need to determine the technical and
technological capabilities of nanomodified materials, including
nonwovens, and packages based on them.

The HB-1 installation was used to produce non-woven materials
from thermoplastic polymers. This equipment can produce tubular
frameless filter elements, roll materials from heat-bonded fibres,
etc., as well as non-woven materials, the structure of which in our
case includes components in combination with nanomodified poly-
ethylene fibres and polyethylene fibres of the 2212 brand (15%),
which provide gluing of non-woven fabrics. Non-woven material is
made by physicochemical method of binding fibrous base. Fibres
(threads) in the fabric are fastened into a single system due to ad-
hesive interaction at the interface between the binder and fibre
(thread). Elastomers, thermoplastic and thermoset polymers in the
form of dispersions, solutions, aerosols, powders, fusible and bi-
component fibres are usually used as binders. Sometimes binders
are not used; in this case, the basis of non-woven materials is sub-
jected to a special treatment (heat, chemical reagents, gases), which
leads to a decrease in the flow of the polymer from which the fibres
(threads) of the fibrous basis are made, or to the appearance of
‘stickiness’ on their surface as a result of swelling, plasticization,
which contributes to the bonding of fibres in the places of their
contact.

In the presented work, the starting materials for determining the
rational parameters of duplication when creating packages with na-
nomodified elements are adhesive threads, the composition of which
is polyethylene 2212 + 1% Sevilen + 0.5% antimicrobial additive and
polyethylene 2212, a non-woven material obtained by the adhesive
method with the addition of silver nanoparticles, namely, non-
woven material, in which 70% are natural fibres (hemp), 30% are
synthetic (polypropylene, polyester, including 15% low-melting
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components (polyethylene, polyester)), and top material (suit fabric
68632).

During planar duplication, it is necessary to ensure uniform
pressure, material heating temperature and constant temperature
control directly in the package-gluing zone. These requirements are
met by the semi-automatic VTO-1 installation modernized taking
into account modern technical capabilities. The unit includes upper
and lower pads with an adjustable heating temperature of 100-
2000°C. If necessary, the design of the pads allows you to simulate
wet heat treatment processes using steam and vacuum suction.

3. RESULTS AND DISCUSSION

Previous studies [11] demonstrated the possibility of using polyeth-
ylene threads of the 2012 series nanomodified with silver particles.
Research results show that the use of nanomaterials, in particular
silver-based, is an effective alternative to traditional methods of
combating microorganisms and microbes. This is explained by the
multiple resistances of the latter to drugs (for example, antibiotics).
Instead, nanomaterials with silver particles make it possible to
achieve impressive antimicrobial efficiency thanks to their in-
creased surface area, shape and size [12, 13]. In the presented work,
the duplication of costume fabric 68632 with a non-woven nanomod-
ified material using the above-mentioned polyethylene threads was
investigated and carried out on the VTO-1 installation with the pa-
rameters indicated in Table 1. As elements of the package, the cos-
tume fabric 68632 (wool—40%, viscose—40%, polyethylene—

TABLE 1. Comparative assessment of the quality of duplicating costume
fabric 68632 with non-woven nanomodified material (NM) using polyeth-
ylene threads of the 2212 series.

Temperature of the
upper and lower pads
of the press, T, °C

No. of
package

Duplication Pressure, |Duplication quality
time, ¢, s Pa assessment

The adhesive thread

140 melted a little, but

1 100 20 88.75 the gluing process
did not take place
NM stuck to the
150 fabric without in-
2 100 20 33.75 fraction the struc-
ture of the top
3 160 20 33.75 Partial melting of

100 NM occurs
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20% ), non-woven material modified with silver nanoparticles, poly-
ethylene thread (article: 2012) are involved.

The given data indicate the expediency of using the second ver-
sion of the duplication parameters, but it was found that, in other
versions, there is a waviness of the fabric of the top (Fig. 1).

Further studies of duplication processes are associated with
change in some parameters, namely, time and temperature. The re-
sults are shown in Table 2.

The given data indicate the need to adjust the duplication time.
At the same time, the best duplicating results are provided when
using polyethylene threads, which are thermally stabilized at
T =110°C. Such threads provide sufficient strength of the adhesive
connection.

Thus, the following duplicating parameters can be considered ra-
tional: T,,=150°C, t=15 s.

One of the options for packaging materials with the addition of

Fig. 1. General appearance of the fabric of the top after duplicating it with
non-woven material.

TABLE 2. Comparative assessment of the quality of duplicating costume
fabric 68632 with non-woven nanomodified material using polyethylene
threads.

Temperature of

No. of | thermostabilization Duplication time, #, s Duplication quality

package of polyethylene assessment
threads, T, °C
1 without 20 waviness
1" thermostabilization 15 satisfies
2 110 20 satisfies
2" 110 15 satisfies
3 120 20 waviness
3* 120 15 smaller waviness
4 130 20 waviness
4" 130 15 smaller waviness
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Fig. 2. Package containing nanomodified components: a) appearance; b)
section, where I—non-woven material (100% polypropylene); 2—non-
woven material based on hemp fibres (70% hemp fibres, 30% low-melting
substances); 3—polyethylene threads.

TABLE 3. Determination of the growth retardation zone of Saures ATCC
259283 and C. aibicaus HT 885-653 of nanomodified non-woven materials
based on polypropylene (PP) AT7.

No. PP without bacteri- | Saures, growth C. aibicaus,
example| cidal components |retardation zone | growth retardation zone

PP without a bacteri-
1 . 0 0
cidal component

PP modified with

2 0.5% Ag 34 0-1
PP modified with
3 0.5% Cu 45 1-3
PP is impregnated
4 with a nanocompo- 12-17 5-8
nent of Ag
5 After washing 4-6 4-6

nanomodified components is a package consisting of two non-woven
materials that differ in their raw material composition. Figure 2
shows a package consisting of non-woven material (70% hemp fi-
bres and 30% polyester, including 15% low-melting polyethylene)
and non-woven material obtained by the adhesive method with an-
timicrobial properties (Table 3), connected by an adhesive thread of
the 2012 series. The creation of such package solves the problem of
providing the necessary elastic properties, and an additional layer
of nanomaterial based on nanomodified fibres ensures the antibacte-
rial properties of the package.

As can be seen from the above data, even a small introduction of
Ag and Cu nanoparticles (0.0002-0.0004% by mass) into the PP
structure has an antimicrobial and biostatic effect [8].

It is advisable to use such package in those areas of clothing
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Fig. 3. Areas of use of the package in clothing: I—locations of the de-
signed package to ensure dimensional stability; 2—locations of the devel-
oped package to ensure human protection against the pathogenic effects of
microflora (viruses, fungi, microbes).

Fig. 4. An example of using a pad made of nanomodified materials (section
of a package): I—non-woven material (100% polypropylene); 2—non-
woven material based on hemp fibres (70% hemp fibres, 30% low-melting
substances); 3—polyethylene threads; 4—adhesive material.

where it is necessary to ensure dimensional stability (Fig. 3, posi-
tion 1) and to protect a person from the pathogenic influence of mi-
croflora (viruses, fungi, microbes) (Fig. 3, position 2).

As a substrate in such a package, it is advisable to use an adhe-
sive material that is in contact with a non-woven material based on
hemp fibres (Figs. 3 and 4). This technology will make it possible to
use this package as an additional part of clothing, for example, an
insulating lining for hats or outerwear. According to the raw mate-
rial composition, the first layer of the bag is made of non-woven
material (polypropylene), which allows moisture to pass inside the
bag, where the second layer is placed, namely, a non-woven canvas
based on hemp fibres, which has good sorption and antimicrobial
properties, which will allow the bag to perform a barrier function.

According to Refs. [14, 15], hemp fibres neutralize the microbial
environment, and the barrier function is manifested in a positive
effect on the functional state of organs and organ systems, in addi-
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Fig. 5. Package with the content of nanomodified components in cross-
section: I—non-woven material (100% polypropylene); 2—non-woven ma-
terial based on hemp fibres (70% hemp fibres, 15% polyethylene, 15%
low-melting substances); 3—adhesive material, which can serve as a sub-
strate.

tion, hemp cotinine fibres exceed cotton fibres by 95% in breaking
load.

The studies given in the Table 2 make it possible to create such
packages without using adhesive thread (Fig. 5).

The melting point of non-woven polypropylene material is 150—
154°C, which makes it possible to make an adhesive connection with
another non-woven fabric by melting a certain part of the non-
woven polypropylene material itself.

4. CONCLUSION

The presented studies of materials with multifunctional properties
allow solving a number of issues in the creation of light industry
products for various purposes, namely: inhibition of the vital activ-
ity of microflora (antimicrobial activity is two times higher than
the antimicrobial properties of cotton fabrics); implementation of
thermoregulation; ensuring a high rate of dimensional stability.
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