Scientific Herald of Uzhhorod University

Journal homepage: https://physics.uz.ua/en
Issue 54, 47-66
Received: 14.09.2023. Revised: 04.12.2023. Accepted: 18.12.2023

UDC 677.027.1:677.017.6
PACS: PACS 68.60.Dv
DOI: 10.54919/physics/54.2023.47

Examination of the influence of hydrothermal treatment of textile materials
on their physical and mechanical properties and development of innovative technology

Salikh Tashpulatov’

Doctor of Technical Sciences, Professor
Tashkent Institute of Textile and Light Industry
100059, 5 Shohjahon Str., Tashkent, Uzbekistan
Jizzakh Polytechnic Institute

130100, 4 I. Karimov Str., Jizzakh, Uzbekistan
https://orcid.org/0000-0001-5483-2644

Dilrabo Bakhriddinova

PhD in Technical Sciences, Associate Professor
Tashkent Textile and Light Industry Institute
100059, 5 Shohjahon Str., Tashkent, Uzbekistan
https://orcid.org/0000-0003-2083-4902

Shakhlo Nutfullaeva

Postgraduate Student

Bukhara Engineering Technological Institute
200100, 15 Q. Murtazaev Str., Bukhara, Uzbekistan
https://orcid.org/0009-0001-8739-4705

Lobar Nutfullaeva

PhD in Technical Sciences, Associate Professor
Bukhara Engineering Technological Institute
200100, 15 Q. Murtazaev Str., Bukhara, Uzbekistan
https://orcid.org/0000-0001-6982-3185
Mukhlisa Muminova

Master, Assistant

Bukhara Engineering Technological Institute

200100, 15 Q. Murtazaev Str., Bukhara, Uzbekistan
https://orcid.org/0009-0003-8299-9662

Abstract

Relevance. Investigation in the field of textile materials and the effect of processing on their properties, is
relevant, as it helps to develop more effective processing methods and increase the resistance of textile materials
to the influence of various factors, which is important for both manufacturers and consumers.

Suggested Citation:

Tashpulatov S, Bakhriddinova D, Nutfullaeva D, Nutfullaeval, Muminova M. Examination of the influence of hydrothermal
treatment of textile materials on their physical and mechanical properties and development of innovative technology.
Sci Herald Uzhhorod Univ Ser Phys. 2023;(54):47-66. DOI: 10.54919/physics/54.2023.47

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
= Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0001-5483-2644
https://orcid.org/0000-0003-2083-4902
https://orcid.org/0009-0001-8739-4705
https://orcid.org/0000-0001-6982-3185
https://orcid.org/0009-0003-8299-9662

Examination of the influence of hydrothermal treatment of textile materials...

Purpose. The purpose of the study was to examine the effect of hydrothermal processing of textile materials
on their physical and mechanical properties, develop a technology for the production of clothing using a new
method (device) of press equipment for hydrothermal processing of composite material.

Methodology. The analysis method was used during the study, and an experiment was also conducted in
which the temperature of the steam that did not fall below 160°C was used when processing the selected fabric
samples, and the temperature of the working bodies of the press for forming the back was at least 110°C.

Results. As a result, the influence of hydrothermal treatment on the properties of textile materials was examined
in detail and established. Having analysed the existing method of hydrothermal treatment using a vacuum unit,
it was established that the conventional method of treatment leads to a substantial decrease in fabric thickness,
breaking load and air permeability. It was also noted that during the hydrothermal treatment of the material, it is
exposed under the influence of pressure. This leads to densification and flattening of the threads inside the material,
creating flat areas, which causes adverse changes in the physical and mechanical characteristics of the fabric.

Conclusions. These factors indicate a potential deterioration in the quality and durability of textile products,
which can increase the percentage of defects and negatively affect consumer satisfaction. This study also points
to the prospects of using a vacuum installation in hydrothermal treatment, which allows preserving the desired
properties of materials, improving the quality of the final products. The practical importance of the results of this
study lies in the possibility of improving the quality of textile products and reducing the damage to materials,
which is important for ensuring longer operation of textile products and increasing consumer satisfaction.

Keywords: atom; moulding of products; fabric structure; fibre deformation; vacuum installation; breaking

load; breathability

Introduction

The textile industry is one of the modern world’s most
dynamically developing and important production ar-
eas. Textile materials are used in various fields, rang-
ing from the fashion industry to medical applications.
However, to meet the ever-growing demand for tex-
tile products, manufacturers face constant challenges
in the quality and performance of materials.

Hydrothermal (wet-heat) treatment of textile
materials is an effective method that allows improv-
ing and optimising the properties of these materials
substantially. This includes reducing the material
consumption, metal and energy consumption in pro-
duction, increasing product strength, durability, and
reliability. Consequently, such technologies contribute
to reducing the weight and cost of structures, which
makes them more competitive in the market. In addi-
tion, hydrothermal treatment increases technological
productivity while maintaining the flexibility and ver-
satility of the process. These factors are important for
the textile industry, as they improve product quality
and make production more efficient.

The improvement of technology and equipment
for wet-heat treatment (WHT) is an urgent task in the
textile industry. It is based on the use of moulding
properties of various materials, such as fabric, non-
wovens, leather, fur, knitwear. This approach allows
achieving a high degree of stability in the configura-
tion of clothing parts, which in turn contributes to im-
proving the quality and durability of textiles, reducing
the number of seams and improving overall produc-
tion efficiency.

According to S. Samieva et al. [1], hydrothermal
treatment is a complex process that affects many phys-
ical and mechanical properties of textile materials. In
particular, this process can cause changes in the thick-
ness of the fabric, breathability, and other characteris-
tics of the material. The greatest attention was paid to
optimising the parameters of hydrothermal treatment
to ensure the preservation or even improvement of
the quality of textiles.

S. Mahkamova et al. [2] state that hydrothermal
treatment by repeated washing of textile materials
can have both positive and negative effects on the
basic properties of the material, depending on the
conditions of use. It was emphasised that properly
configured parameters of hydrothermal treatment
can strengthen some textile product characteristics,
such as durability and elasticity. Therewith, uncon-
trolled or excessive processing can cause undesirable
changes in the structure of the material, which will
negatively affect its quality and durability.

S.Makhkamova & Z. Valieva [3] in their study drew
attention to the importance of finding optimal condi-
tions for hydrothermal treatment that will maximise
the potential of this process and minimise its negative
consequences. In the study, the work on the selection
of optimal parameters to preserve the physico-me-
chanical properties of textile materials during hydro-
thermal treatment by washing was conducted [3].

According to a study by D. Kurbanov [4], hydro-
thermal treatment of textile materials can have a
substantial impact on their physical and mechanical
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properties. The researcher drew attention to the fact
that this process can change the material’s structure,
leading to its more compact organisation. This, in
turn, can lead to an improvement in some character-
istics, such as strength and resistance to wear.

However, in the study by N. Murodova [5] also
noted that improper hydrothermal treatment, namely
multiple washes or the use of uncontrolled param-
eters, can cause the opposite effect. In particular,
excessive exposure to moisture and heat can lead
to deformation and loss of material properties. This
study also emphasised the importance of careful
monitoring and adjustment of hydrothermal treat-
ment conditions to achieve the desired results and
minimise negative consequences.

Since the studies mentioned above did not pay
due attention to the improvement of the hydrother-
mal treatment process, this study aimed to devel-
op a new clothing production method. This meth-
od involves using a vacuum installation, which can

vy

contribute to the preservation or improvement of the
physical and mechanical properties of materials.

Materials and Methods

The study was conducted at the company “Maxpress
Industry” (Uzbekistan). The materials used during
the study included woollen fabrics for men’s jackets
designed for autumn, for seasonal and summer - pol-
yester and viscose fabrics. Adhesive materials that
have a textile base were used to ensure the preserva-
tion of the shape of various parts of clothing, such as,
for example, backs. These materials are presented by
various companies, such as HYMO from Japan, Kuf-
ner from Germany, Iskoj from Russia, DANELLI from
China, and Camela from Poland.

In the course of the study, the hydrothermal
treatment process was conducted on a special vac-
uum forming device developed using a polymer
composition instead of adhesive gasket materials
(Fig. 1-3, Table 1).

Figure 1. General view of the bottom cushion of the vacuum installation made of composite material

Source: compiled by the authors

Table 1. Technical characteristics of the bottom cushion of the vacuum installation

No. Technical specifications

Length, mm A-700; B-580
Width, mm A-330; B-440

1 Height, mm A-73; B-53; B-95

Wall thickness, mm 6

Weight, kg 3.7

2 Thermal resistance, °C 325

3 Mechanical resistance, MPa 34

4 Material of the working body composite material

Source: compiled by the authors

The improvement of the technological scheme
was conducted based on investigating the mecha-
nism of surface formation of both flat and volumet-
ric sections of the back of clothing and methods
of fixing them. Experiments were conducted on a

press to form the back of the brand UPP1617KI,
manufactured by the German company “Malkan”,
to develop an improved technology that gives the
details of clothing shape stability using a vacuum
installation.
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Figure 2. Press for processing the back of a men’s jacket UPP1617KI (Malkan)
with a bottom cushion of a vacuum installation
Note: a) appearance; b) block diagram of the equipment: 1 — upper cushion, 2 — nozzles for PC and warm air
supply, 3 — pipeline, 4 — PC container, 5 — hair dryer, 6 — vacuum chamber, 7 — perforation, 8 — lower cushion,
9 — compressor, 10 — semi-finished product (processed fabric)

Source: compiled by the authors

Figure 3. The process of testing the method of shaping
in the production conditions of “Maxpress Industry”
Source: compiled by the authors

When processing semi-finished products, the sur-
face temperature of the working bodies was main-
tained at least 110°C and the temperature of the steam
used for processing was at least 160°C, the back of the
semi-finished product was placed on the lower working
bodies of the press in accordance with the established
procedure. Then, the deformation of the back of the
product was conducted through a press, and then dry-
ing and stabilisation of a given shape were conducted.

Experiments were conducted with various fabric
samples, as indicated in Table 2, to estimate the di-
ameters of the inlet holes that should be created in
the lower cushion of the device. The fabric samples
had dimensions of 250*50 mm and were secured
with clips in accordance with the “strip” technique.
Uniaxial stretching of materials was conducted on a
special breaking machine Autograph AG-1 (Shimad-
zu, Japan).
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Table 2. Characteristics of costume fabrics

Mechanical characteristics

Surtace Fibrous Breaking elongation
Name of the fabric density | composition, Breaking load, N § % & 2
2
- Base ‘ Warp and weft | Base | Warp and weft
Tweed 10% wool
! (Art. 89-05) 374.4 20% 970 680 19 9
' 70% PE
Corduroy 35%
2 (Art.06535) 2505 650 pE | 1010 755 18 9
Costume “Euro” 20%
? (Art.180703) 315.9 80%PE | /°0 550 21 14
Christmas tree “Spruce” 20% viscose
N (Art. 11684) 1647 80%PE | /27 608 20 14
Diagonal Blue 90% PE
> (Art.VT-468) 1739 10% viscose | 020 709 22 12

Source: compiled by the authors

The calculation of pressure losses caused by local
resistances was conducted using the Weisbach equa-
tion (1):

h, =C(v?*/2g) =th, (1

where: h =v?/2g — the high-speed pressure.

The pressure losses were calculated using the Bor-
da formula, which was derived from the equations of
D. Bernoulli and the law of conservation of momen-
tum (2):

h, = [(UNe-DIP(v3)/28) =C(v)/28),  (2)

2

where: { = G— 1) — the coefficient of resistance, in
relation to speed (in a section of a narrow section of
the pipeline); ¢ = F_ /F, — compression ratio, deter-
mined by the ratio of the area of the compressed sec-
tion F_ to the area of the pipe in the section F,.

The compression ratio during operation was calcu-
lated using the formula proposed by A.D. Altshul (3):

€=0.57 +[0.0431(1.1-n)], 3

where: n =F, /F, — the ratio of pipe areas in narrow
and wide sections.
The value of the local resistance coefficient was
determined by the formula (4):
1 2
€cont = €= C, (;_ 1) > 4
where: C_ - the compression ratio.
Using the analysis method, the results of exper-
iments in laboratory conditions were also evaluated
to determine the degree of influence of pressure and

humidity on the properties of textile materials. This
analysis allowed understanding what changes occur
in the properties of the material under such influenc-
es. As part of the theoretical part of the study, this
method was used to analyse the physical and mechan-
ical properties of the material before and after wet-
heat treatment and to examine the material’s abra-
sion resistance. It allowed identifying changes in the
properties of the material caused by the technological
process of the WHT and drawing conclusions about its
impact on textiles.

Using the statistical method in this study, various
indicators of the properties of textile materials were
compared before and after wet-heat treatment. This
method allowed assessing the degree of changes in
the thickness of the fabric, breaking load, breathabili-
ty, and abrasion resistance and to make a statistically
substantial comparison between the samples of the
material before and after the WHT.

Results

According to the current technology, mechanical pres-
sure, superheated process steam, and a certain tem-
perature for a certain time are used to achieve a given
shape of textile-made clothing parts. As a result of the
influence of these factors on a semi-finished textile
material, its structure changes, which leads to a de-
terioration of its properties. This, in turn, leads to a
decrease in the overall quality of the final clothing.
For example, when forming a mould using mechani-
cal pressure, the threads that make up the textile ma-
terial are subjected to undesirable loads that lead to
microscopic damage (Fig. 4-6).
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Figure 4. Scheme of changing the cross-section
of fabric threads before (a) and after (b) hydrothermal treatment (WHT)

Note: d - the initial diameter of the thread and d,

— after the WHT; h, — the initial thickness and h

o, — after the

WHT; [, - the initial distance between the axes of the threads and [, — after the WHT; S - the distance between
the edges of the threads and S, — after the WHT; ¢, — the distance between the threads where the thread bends
in the phase of passage and c,, — after the WHT; o, B, — axial tilt angles of the thread in the passage phase and

0,y By, — after the WHT
Source: compiled by the authors

Figure 5. Micrograph of textile material before (a) and after (b) the WHT

Source: compiled by the authors

a)

Figure 6. Micrographs of the fabric section before (a) and after (b) pressing and WHT

Source: compiled by the authors

As a result of such damages, the original physical,
mechanical, hygienic, and geometric characteristics of
the material are violated. These characteristics may
include thickness, density, breaking load, breaking
elongation, stiffness, breathability, vapour permeabil-
ity. Such changes in the material can negatively affect
its quality and ability to perform its functional tasks.
For example, this can lead to a decrease in strength,
increased breathability or loss of hygiene of textile
products [6, 7]. The above-mentioned WHT meth-
od showed the need for technology development to

improve the quality of the product and the stability
of the clothing part, reduce the damage to the struc-
ture of the textile material of the product part by using
a fundamentally new working body of technological
equipment. The cyclogram of the work of the press
UPP1617KI of the company “Malkan” in combina-
tion with steaming and pressing is shown in Figure 7,
which also describes the technological process of
WHT and shaping. The temperature of the working
surface of the pillows should be maintained at the
level of Tw>110°C.
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@ Sequence of technological indivisible operations
[} .
S5 Time, seconds
<5
S1|2(3|4|5]|6|7|8|9|10|11]12|13|14|15|16[17|18[19]20| 21 |22 23|24 |25 |26|27 |28 |29 |30
1 T>110°C
5 Q=0,
15m3/c-m?
3
X
4
5 T>160°C
6
Q=0,
7 11m3/c'm?
° EEEN

Figure 7. The cyclogram of control and operation of automated equipment
of the ironing vacuum installation of the WHT for the formation and fixing
of the shape of the part of the back of a man’s jacket

Note: 1 - preparation and laying of the product on the bottom cushion (T,  >110°C; 2 — switching on vacuum-
suction (Q = 0.15 m3/(cm?) in the lower cushion and the formation of a shape by deforming the mesh structure
of the fabric of the part; 3 — lowering the upper cushion and stopping within 2-3 cm of the semi-finished
product; 4 — applying a polymer composition to the specified areas of the deformed part; 5 — steaming with
superheated steam at a temperature of 1600°C using the upper cushion over the entire surface of the part with
the vacuum suction turned on (Q = 0.15 m%/(cm?) until the end of the technological process; 6 — lifting the
upper cushion and returning to its original position; 7 — stabilisation and drying of a given shape by vacuum
suction through the lower cushion with parameters Q = 0.117%/(cm?); 8 — removal of the semi-finished product

Source: compiled by the authors

The semi-finished product is placed on the bottom
cushion along the upper and lower points of the back-
rest line. A semi-finished part is placed on the lower
forming cushion. Then, vacuum deformation of the
part is conducted through the lower pillow, and the
upper pillow is lowered and stopped before reaching
2-3 cm to the semi-finished product. Then, a polymer
composition is applied to the specified local areas, and
after the end, superheated steam is applied through
the upper cushion. After that, the upper pillow is lift-
ed and returned to its original position, then stabilisa-
tion and drying of the given shape by vacuum suction
through the lower pillow and removal of the semi-fin-
ished product. The process of vacuuming in a limited
technological volume in the lower cushion consists in
reducing the air (gas) pressure to values below at-
mospheric, as described in L. Nutfullaeva et al. [8].

The level of gas rarefaction is determined by the
ratio of the average free path A, which is associated
with mutual collisions of gas molecules in a given me-
dium. Depending on this ratio, vacuum degrees are
distinguished, such as ultra-high (when A, substantial-
ly larger than the particle size r), high (when 2, larg-
er than the particle size, but not by much), medium
(when A, approximately equal to the particle size),
and low (when A, substantially smaller than the parti-
cle size). The average length A, over which molecules

can move freely, given the variety of their velocities
during mutual collisions, is defined as (5):

A=

1

ey )

where: n, -number of molecules (in cm?®); § — cross-sec-
tion for the interaction of molecules.

In the collision of particles formed by molecules
with d~10® cm, the determination of § is conducted
by (6):

S = nd>.

(6)

To analyse the efficiency of a vacuum instal-
lation, it is important to have information about
the characteristics of different vacuum levels (Ta-
ble 3). It is necessary to analyse the average free
path of A air molecules (1) and analyse it by com-
paring it with the dimensions of clothing elements
to determine what level of vacuum is necessary for
the formation of clothing parts. In the case of a
vacuum level, n_in 1 m?® is in the range from 102> to
10%9, the average free path length X is in the range
from 0.00225 to 2.25 m. This value is comparable
to (r) of the installation for creating a vacuum for
the purpose of forming clothing parts, that is, at an
average vacuum level X less than or approximately
equal to the size of the device (A<r).
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Table 3. Parameters of different vacuum levels

Characteristics

Low

Medium

Vacuum level

High Ultra-high

Pressure (mmHg) 760-1 1-10°% 103-107 Less than 108
Number of molecules n_, m? 10%-10% 10%2-10% 101%-10% Less than 10%
Dependence of the
coefficients of thermal There is no . The dependency Direct dependence .
- . is calculated based Practically absent
conductivity and internal dependency on A /D on pressure
friction

Source: compiled by the authors

Many holes are provided in the lower cushion
of the installation to create the shape of clothing
parts using vacuuming. These holes can have various
shapes, which are selected considering the air dynam-
ics and the need to provide the best conditions for
fabric deformation [9]. Therefore, to create a vacu-
um in a closed technological space limited by the con-
tour of the lower cushion, it is necessary to maintain
the pressure at the level of p = 1-10° mmHg, which

corresponds to the average vacuum level. Vacuum-
ing is achieved by removing air from a closed, sealed
space using a vacuum pump. In this device, air jets
pass through holes of different shapes (Fig. 8): they
can taper to the lower surface like conical confusers
(Fig. 8a), expand to the lower surface (Fig. 8b) or
have a cylindrical shape (Fig. 8c).The movement of
air jets or other gases through such holes is calculated
according to the principles of hydrodynamics.

vy, F1, Py lvl,Fl,Pl l v, F1, Py
g | Tz
1 : '
i Z : /A !
+ V2, Fa, Py +V2,F2, P, } V2, Fo, Py
a) b) )

Figure 8. Types of perforations and their effect on aerodynamic parameters
Note: v — air velocity; F — cross-sectional area; p — pressure

Source: compiled by the authors

In most cases, the small changes in the basic physi-
cal properties of air and gases encountered in technol-
ogy, such as density, viscosity, and temperature, when
moving at low speeds and pressures (close to atmos-
pheric), are so insubstantial that they can be neglected.
This allows applying the basic principles of hydrody-
namics to the analysis of aerodynamic processes [10].

A real liquid has a viscosity, and therefore, sub-
stantial resistance forces arise, including both internal
and external friction. These forces lead to irreversi-
ble losses of pressure energy. Such losses are usually
called linear pressure losses (h, ). In addition, there
are pressure losses on local resistances (h, ), which
arise due to the specific features of geometry, design,
and technology of moving or transporting a liquid or
gas flow. Based on this, losses on any of the taken sites
are defined as (7):

(7)

When analysing energy losses in the movement of
a liquid or gas, the impact of local resistances, which
are caused by several factors, is considered. First, a
change in the cross-section, including extensions and

h =h_ +h .
m mp m

noi

constrictions, substantially affects the flow. In addi-
tion, the curvature of the air channels, such as the
flow turns, contributes to energy losses. Branching
and merging of streams can also provide additional
resistance to movement. Especially important in aer-
odynamic calculations is the consideration of local
resistances, which are associated with the design fea-
tures of the system [11].

The calculation of pressure losses caused by lo-
cal resistances is conducted using the Weisbach equa-
tion (1) or by determining through the pressure loss
Ap,. (kgf/m?) in the local resistance (8):

Ap, = (yv*/2g), (8)

where: { — the coefficient measured in experiments
and embodies the loss of pressure as a percentage of
the velocity pressure.

In the case of a sharp narrowing of the duct, the
air flow is compressed first, and then its expansion.
The main pressure losses with such a narrowing occur
in the expansion area. Table 4 contains the values of
{ depending on the ratio of the areas n between the
narrow section and the wide section F, of the F, pipe.
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Table 4. Values of  depending on n

0 0.1 0.2 0.3

0.4 0.5 0.6 0.7 0.8 1

0.4 0.38 0.36

0.34

0.3 0.23 0.2 0.16 0

Source: compiled by the authors

The change in the rate of flow during compression
occurs in the case of a gradual narrowing of the pipe-
line, which is called a confuser, as shown in Figure 9.
The coefficient { for the confuser is calculated also

considering the coefficient C_(4). The value of the cor-
rection factor C. depends on the taper angle o of the
confuser. When conducting aerodynamic calculations,
a graph showing the dependence of C_on a can be used.

C.

0.8

0.6)\ e
/

0.4 \\ =

0.2 S

0 20 40 60 80 100 120 140 180

a,°

Figure 9. The dependence of the corrective compression ratio C_ on the taper angle

Source: compiled by the authors

With an increase in the velocity in the confuser,
some transformation of the pressure in the flow into
kinetic energy occurs.

The pressure loss due to a sudden expansion of
the flow is also calculated using the Borda formula
9):

h, = (v2)/2g), ©)
where: { = (1-V,)/V,)? v?/2¢ — pressure in a narrow
section.

Also, the coefficient of local resistance { can be
expressed as follows:

_ ﬂ 2 _ _ ﬂ 2
(=(1-2) =[r-@]
In the case of the expression of the coefficient {
relative to the velocity head (in a wide section), the

(10)

following is obtained (11):
2 2
hn = (2= 1) Wi/20) = (£ 1) W3/29). A1)

When analysing the pressure loss resulting from
the resistances in the diffuser, a special correction fac-
tor known as the softening factor (C ) is considered.
The value of this coefficient depends on the angle of
expansion (o) of the diffuser (Table 5).

In the diffuser, some part of the kinetic energy
is converted into pressure energy. A general formula
is used that considers the local resistance coefficient
(0) to calculate the pressure loss associated with local
resistances in the diffuser, considering the softening
coefficient (C ) (12):

h,=C,[v,-v)¥/2g]. (12)

Table 5. Values of the softening coefficient C_depending on the opening angle a

e . c |
1

8 0.16
15 0.35
30 0.8
60 0.95

Source: compiled by the authors

When analysing the aerodynamics of the pas-
sage of air through various configurations of holes,
it becomes evident that a smooth narrowing of the
cross-section from the inlet to the outlet, made in the
form of a confuser in the lower part of the material
forming device, is preferable. This is explained by the

fact that in the process of creating a vacuum in the
technological space, the air is sucked from a larger
section (the upper part of the perforation) to a smaller
section (the lower part of the perforation). According
to the equation of D. Bernoulli and the mass conser-
vation equation (Q = V,*F, = V,*F, = const), when a



liquid (or gas) moves in a horizontal pipe with dif-
ferent sections, the velocity of the liquid is higher in
the narrowing areas, and the pressure is higher in
wider areas where the velocity is lower.

Thus, positioning the deformable fabric in ac-
cordance with Figure 10 brings great benefits: it
provides a tighter fit to the lower surface of the
device since it increases the area that is exposed

Examination of the influence of hydrothermal treatment of textile materials...

to atmospheric pressure during vacuuming; it also
creates a pressure difference between the upper and
lower parts of the pillow, and the hole in the low-
er part has a smaller diameter. This distribution of
contact between the fabric and the working surface
of the pillow contributes to a more efficient fabric
moulding process, making it more favourable and
intensive.

Figure 10. An elementary cell containing holes inside the thickness 3 in the lower cushion
of the device for forming three-dimensional parts of clothing using the vacuum method
Note: a — taper angle; t — distance between the perforations; d,, d, — diameters of the inlet and outlet holes,
respectively
Source: compiled by the authors

Since air is considered a compressible fluid in this
context, the equation of D. Bernoulli, used for the flow
of an ideal liquid, can be successfully used in the case
of any gas flow with minor pressure changes [12]. In
particular, with small differences in temperature be-
tween the transported air and the environment, it is
possible to consider the difference in geometric alti-
tude levels, and the equation of D. Bernoulli can be
represented as (13):

Py V& _ Py VW
—+-+==24+-2=const,m.
Y 20 v 29

(13)
Which can also be presented in a more convenient
form for calculations (14):
Y

Y _ vi _ 2
12 +Z =p, + 2 const, kgf/m~.

14

For real gases, an additional term is added to
equation (14), which considers the pressure losses Ap,
associated with overcoming hydraulic resistances (3).
Thus, if the pressure is measured in Pascals, equation
(14) changes as follows (15):

2 2
pr+ Tt =p, + T2+ Ap, (15)
where: v,, p, — velocity and pressure of the gas (in the
initial part); v,, p, — velocity and pressure at the outlet
of the pipeline; y — volume weight or density of a gas,
measured in kg/m3.

In aerodynamic calculations for ordinary air, a
standard value of y is often used, equal to 1.2 kg/m3.
For a gas pipeline of any configuration, the pressure
loss due to friction (Ap = Ap)) over a section of length ]
can be calculated using the Darcy formula, applied to
circular sections (16):

A 2
Aps =E*%*1,Pa,

(16)
where: A — coefficient describing the friction pressure
loss along the section of length [; d — diameter of the
duct, m.

For approximate calculations, a value of L equal
to 0.02 can be used. According to equation (3), it can
be argued that the loss of friction pressure is propor-
tional to the length of the duct (and the thickness of
the bottom cushion). It is important to consider that
the pressure losses caused by friction are inversely
proportional to the size of the hole. In addition, Ap
increases non-linearly as the air velocity increases,
having a parabolic dependence. Thin-sheet steel was
used for most of the ducts, and its absolute roughness
isk=0.1 mm.

However, if the ducts are made of other materials,
then to account for changes in the specific resistance
to friction C, and A/d, it is necessary to introduce a
correction factor p (17):

ﬁz (kV)0.25, (17)
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where: k — roughness value of the inner surface of the
duct, mm; V - air velocity, m/s.

Based on the physical and mechanical properties
of the fabric used to form the parts of clothing, it is
possible to pre-estimate the diameters of the inlet
holes that should be created in the lower cushion of
the device. As can be seen from the data presented in
Table 2, the average values of the maximum load re-
quired for the rupture of the considered fabrics along
the base and weft are 873/660 N, respectively. There-
fore, the specific tearing load R, expressed in newtons
for each millimetre of the length of the material, is
equal to 17.5/13.2 N/mm on the basis/weft, respec-
tively. The maximum tearing load (R ), considering
the circumference (nd), will be equal to the average

specific tearing load (18):
R, =R*nd,N. (18)

The ultimate tensile stress ¢ at which fabric de-
struction occurs is defined as (19):

(19)

— Rt 2
05t =, N/mm?,

where: F = n/4 — size of the hole; d — diameter, mm.
Given (18), the following is obtained (20):

_ Ryxmdx4  Rex4

Ost = "az — a° (20)
therefore (21):
d =25 mm. 2n
Ost
For average stress parameters at break

(26.55 N/mm?2) and specific breaking loads both on
the base and on the weft (15.36 N/mm?2), the mini-
mum diameter of the inlet is (22):

_ 4+15.36
~ 2655

d

= 2.3 (mm). (22)

Therefore, when creating perforations in the form
of a confuser, it is established that the diameter of the
outlet is 2 mm, and the upper hole is 4 mm (consid-
ering technical requirements). It is necessary to com-
pare the surface dimensions necessary to create an el-
ement of clothing with the interval between the holes
(t) to determine the number of such perforations lo-
cated in the unit cell. For this purpose, a structurally
set pitch of 6 mm is assumed, which allows placing
an additional hole d, with a diameter of 2 mm in the
centre of this cell.

It is possible to make an approximate calculation
of the loss of air pressure, which is sucked through the
perforations, using the described system. For a spe-
cific example, hole sizes such as 4 and 2 mm will be
assumed. The depth of the holes corresponds to the

thickness of the bottom cushion and is 6 mm. With such
data, the taper angle o is approximately 20°. In case
of sudden narrowing, equation (6) is used to calculate
the pressure loss, which requires the determination of
the coefficients ( and ¢ (local resistance and compres-
sion). The formula (3) is used to determine the coeffi-
cient g, where n=F,/F, —the ratio between the areas of
holes in a narrow section and a wide section (23-25):

F =12.56 mm? F, = 3.14 mm?, (23)
£=0.57 +[0.043/(1.1-3.14/12.56)] = 0.62, (24)

7= (i~ 1)2 =(=- 1)2 = 0.376.

0.62

(25)

For the final determination of the value of the lo-
cal resistance coefficient ( of the confuser, a correction
factor C_is considered, which depends on the taper
angle a of the confuser. At a = 20°, the value C,= 0.3
can be assumed. In this case, according to the formula
(4), the following value (26) is obtained:

2
£cont = Cel = Cc (2= 1) = 03 0.376 = 0.113.(26)

Having information about the air flow velocity in
a narrow section, it is possible to calculate the pres-
sure loss in accordance with equation (6). Therefore,
for the successful application of the method of form-
ing clothes, it is necessary to cut perforations with the
shape of a confuser in the lower cushion of the device.
The confuser hole, in accordance with aerodynamic
principles, ensures a close fit of the material to the
working surface of the cushion, as it increases the area
on which the vacuum acts during vacuuming. This re-
sults in a higher pressure at the top of the cushion
due to the larger size of the opening compared to the
outlet openings. The size of the perforations was also
calculated, considering the maximum breaking load
of the deformed fabric. The obtained results indicate
the need to create a moderate vacuum, providing a
pressure within 1-10° mmHg, to form clothing ele-
ments with the specified dimensions.

The results of experiments conducted on textile
materials after hydrothermal treatment under me-
chanical pressure indicate a loss of these properties
of the material at an average level of 15-21%. Based
on this, it can be concluded that to improve the pro-
cessing standards at which the physical-mechanical,
and hygienic properties of various textile materials
are preserved, improvement of the formation meth-
od is required. This method should exclude the neg-
ative impact on the clothing parts group from the
equipment’s working elements, such as matrices and
punches. One of the disadvantages of existing devic-
es is their fixed shape of the matrix and punch. It is
necessary to change the matrix and punch to create a
variety of clothing parts or replace them, which leads
to additional costs and reduced productivity.



In the process of manufacturing sewing parts,
fabrics or textile materials and bags are subjected to
various physical influences: stretching, compression,
and moulding. The above factors should be aimed at
changing the actual structure of the fabric, thread,
and fibres to give a given shape. As a result of these
technological influences, the geometric parameters of
the threads that make up the fabric and some of the
physical and mechanical properties of textile materials
naturally change. If the fabric is pressed and the fibres
of the thread are plasticised with heated steam, then
such a surface differs more than the surface of the fab-
ric that has not been pressed and wet-heat treated.

Examination of the influence of hydrothermal treatment of textile materials...

Experiments conducted in laboratory conditions
have shown that the air permeability index for sam-
ples before exposure to pressure and moisture is on
average, 67.16 cm®/cm?s (Table 6) [13]. This in-
dicator, after applying pressure and moisture with
a mass of 5 kg, decreases to a value of 46.98 cm?/
cm?s; after pressing with a 10 kg press, the device
shows 43.74 cm®/cm?s; after a press load of 15 kg,
air permeability decreases to 40.77 cm?®/cm?s; after
20 kg of load, air permeability reduced to 38.01 cm?/
cm?s. It follows that after applying pressure paired
with moisture, the air permeability index decreases
by 36.95%.

Table 6. Indications of the breathability of the fabric after presses of various weights

Load, m 0 5 kg 10 kg 15 kg 20 kg
Costume fabric 67.16 46.98 43.74 40.77 38.01

Source: compiled by the authors

This can be explained by the fact that in the pro-
cess of exposure to pressure and moisture, the threads
of the fabric flatten, i.e., under the influence of pres-
sure and moisture, acting as a plasticiser, the intermo-
lecular bonds of the fibres of the threads weaken. As a
result, the transverse shape and geometric parameters
of the threads change, i.e. a circular cross-section of
the thread turns into an oval one. This can be com-
pared by the distance between the two threads de-
creases, and the distance between the central points
of the threads increases in their diameter and in the
width of the fabric section itself, and thereby the sur-
face coverage of the fabric with threads increases.

Considering that polymer compositions are effec-
tive when fixing a given shape of clothing parts, experi-
mental tests were conducted in this part of the study for
samples with a polymer coating before and after wet-
heat treatment and pressing. In these samples, there
was also a decrease in air permeability. Thus, in the
samples before pressing, the readings on average are:

1. In a fabric with a 0.5 cm wide strip with
a polymer coating from the initial indicator of
16.008 cm?®/cm?s, after a press load of 5 kg, breathabil-
ity decreases to 15.054 cm®/cm?s; after 10 kg of press
load, breathability decreases to 13.85 cm 3/cm 2 s;
after 15 kg, breathability has a value of 12.7 cm®/cm?s;
after20kgofpressingload, thisindicatoris11.7cm?/cm?s;
it follows that the breathability of fabric with a 0.5 cm
wide strip of coating is reduced by 16.9%.

2. In a fabric with a 1 cm wide strip with a pol-
ymer coating, the initial air permeability index is
18.368 cm®/cm?s. Further, after pressing with 5 kg of
load, the indicator decreases to 17.138 cm?/cm?s; af-
ter 10 kg of load, the air permeability has a value of
16.182 cm®/cm?s; after 15 kg of press load, the air per-
meability decreases to 15.369 cm®/cm?s; after pressing
with 20 kg of load, the indicator is 14.597 cm®/cm?c.

This indicator decreased by 13.9% compared to the
initial value.

3. In a fabric with a 2 cm wide strip with a poly-
mer coating, the initial air permeability data reaches
21.39 cm®/cm?s, after a press load of 5 kg, the air per-
meability decreased to 21.02 cm®/cm?s; after 10 kg of
the press, the air permeability reaches 20.72 cm®/cm?s;
after 15 kg of the press, the air permeability decreases by
19.68 cm?®/cm?s; after a pressing load of 20 kg, air per-
meability decreases by 19.2 cm®/cm?s, which, in total,
reduces air permeability from the initial value by 5.8%.

When exposed to high humidity and heat during
wet-heat treatment, the bonds between the molecules
of the material are weakened and destroyed, and the
structure of the material is reshaped in accordance
with the deformation of the fibres. After removing
moisture (by drying) and lowering the temperature
of the material, the bonds between the macromole-
cules are restored, that is, the deformation of the fi-
bres, threads, and, consequently, the entire material
is fixed. However, this fixation of the deformation is
temporary; when wearing clothes, the reverse relax-
ation occurs, and part of the fixed deformation dis-
appears with time. The speed of this reverse relaxa-
tion process depends on how similar the conditions of
use of the products are to the conditions of wet-heat
treatment and wearing of the product, and the clos-
er they coincide, the more firmly the deformation is
fixed. The process of restructuring the fibre structure
during wet-heat treatment also depends on the chem-
ical composition of the material, its supramolecular
structure, and the type of intermolecular bonds [14].
Relaxation processes were traced and investigated in
the laboratory to substantiate these processes. From
the experimental data obtained, it can be seen that the
main relaxation of the examined fabric after wet-heat
treatment occurs within 1 hour, totalling in 36.4%.
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After two hours, relaxation is 2.7%, after three hours —
0.2%, after four, five and six hours — 0.02%.

To identify the relationship of the WHT process
with physical-mechanical properties, for example,
with the breaking load, experimental tests were con-
ducted using a device that determines the breaking
load index of fabrics and other textiles. The results of
the tests and the analysis of the comparative indica-
tors of the breaking load before and after the WHT are
shown in the graph (Fig. 11). Experiments conducted
in the laboratory have shown that the breaking load
of fabrics before wet-heat treatment in the direction of
the warp threads is obtained on average 190.074 N,

in the direction of the weft threads — 164.996 N, and
after wet-heat treatment and pressing, the breaking
load index for the warp thread of the material on
average decreases to 177.82 N, for the weft thread -
150.256 N. Considering this as a percentage, the index
of the breaking load of fabrics after WHT and pressing
in the fractional direction of the material decreases by
6.5%, and the breaking load in the transverse direc-
tion of the fabric decreases by 8.94%. It follows from
this that the breaking load of the examined fabric de-
creased by an average of 7.72%. This naturally nega-
tively affects the quality indicators of manufactured
clothing, in particular, leads to rapid wear of clothing.

200 —~
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Breaking load indicators

Elasticity indicators

Figure 11. Graph of the impact of the WHT and pressing
on the indicators of the breaking load of the material

Source: compiled by the authors

In the next part of the study, experimental tests
were conducted on the effects of existing and devel-
oped methods of wet-heat treatment on the thick-
ness of the fabric, breaking load, surface density,
breathability, stiffness [15]. The results of a com-
parative assessment of the impact of the conven-
tional and developed WHT method, and the results
of the study are presented in Figures 12-16. From
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the data presented in Figure 12, it can be seen that
if the reference thickness value is 1.7 mm, then un-
der the influence of the existing WHT, the fabric
thickness index decreases by 32.9% compared to
the reference value. When using a vacuum installa-
tion in WHT, the thickness of the fabric remains un-
changed. This is observed in all examined variants
of the textile material.

H After WHT  ® After vacuum installation

Tree “Sruce” Diagonal blue

Figure 12. The influence of existing and developed methods
of WHT on the indicators of the thickness of the fabric of the examined samples

Source: compiled by the authors

Figure 13 shows the data of experimental tests,
with a control value of the breaking load of 845 N,
samples under the influence of the existing WHT,
this indicator decreases by 21.41% compared with
the control value. This is observed in all examined

variants of textile material, where the decrease

in this indicator is from 17.43 to 33.33% of the
control. During the WHT using a vacuum instal-
lation, the breaking load indicator remains un-
changed.
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Figure 13. Influence of the existing and developed methods
of WHT on the breaking load of the examined samples

Source: compiled by the authors

From the data presented in Figure 14, it can be
seen that the surface density index for the control
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sample and processed according to the existing and
proposed technology remains unchanged.
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Figure 14. The effect of existing and developed WHT methods on the surface density of fabric

Source: compiled by the authors

From the experimental data presented in Fig-
ure 15, it can be seen that if the control value of air
permeability is 187.32 cm®/cm?s, then in samples un-
der the influence of the existing WHT, this indicator
decreases by 12% compared to the control value. This
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is observed in all considered variants of the textile
material, where the decrease in the air permeability
index is from 7.17 to 31.53% compared to the control.
When using a WHT vacuum installation, the air per-
meability index remains unchanged [16].

B Before WHT m After WHT W After vacuum installation

Custom Euro

Tree “Sruce” Diagonal blue

Figure 15. The influence of existing and developed methods
of WHT on the breathability of the examined fabrics

Source: compiled by the authors

From the data of experimental tests of the stiff-
ness index of samples presented in Figure 16, it can
be seen that if the control stiffness value is 51.36, then
this indicator is 22.51% higher for samples under the

influence of the existing WHT than for the control
sample. This is observed in all examined variants of
the textile material, where the increase in the stiffness
index is from 14.1 to 28.9% compared to the control.
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Figure 16. The influence of existing and developed methods
of WHT on the stiffness of the fabric of the examined samples

Source: compiled by the authors

Based on the above examination, a comparative
graph of the complex of indicators of the textile ma-
terials’ properties has been developed for an objective

assessment of the influence of the existing method of
hydrothermal treatment of a vacuum installation and
that proposed by the authors (Fig. 17).

¢ (%)
Research Research Research after
before WHT after WHT vacuum installation

Figure 17. Comprehensive assessment of costume fabrics
Note: k — stiffness (uN/cm?); P — density (p/10 cm); WRP — water-repellent properties (%); ¢ — humidity (%);
R - breaking load (N); B — breathability; s — thickness (mm); M — mass of material (g/m?)

Source: compiled by the authors

Thus, summarising the results of the data ob-
tained, according to a comparative assessment of the
effects of the existing and proposed methods of WHT
of sewing parts, it can be stated that when process-
ing textile material with the existing WHT method,
the indicators of fabric thickness, breaking load, and
breathability decrease on average by 32.9%, 21.41%,

and 22.51%, respectively. Considering the impor-
tance of such properties of textile materials as fabric
thickness, breaking load, and breathability for ensur-
ing the quality of manufacturing of clothing parts, it
can be concluded that the use of a vacuum installa-
tion allows maintaining the specified properties of
the materials used [17].



Based on the theoretical and experimental ex-
aminations conducted, factors were identified, and
assumptions were substantiated about the negative
impact of the technological process of wet-heat treat-
ment in the aggregate of moulding and pressing on
the fabric in the manufacture of sewing parts. It was
determined that during the WHT process, the fabric is
subjected to pressure, while the threads in the fabric
will flatten, flat areas will appear, thereby negative-
ly affecting the physical and mechanical properties
of the fabric. Experiments conducted in laboratory
conditions have shown that the air permeability in-
dex for samples without polymer application and be-
fore exposure to pressure and moisture is on average
67.16 cm®/cm?s. It follows from this that after apply-
ing pressure paired with moisture, that is, after press-
ing, the air permeability index in sewing products de-
creases by 36.95%.

The influence of the WHT process on the physi-
cal and mechanical parameters of the fabric has been
established. Thus, the breaking load and the elastici-
ty index of fabrics before wet-heat treatment are also
substantially reduced. It follows that the breaking
load of the examined fabric decreased by an average
of 7.72%, leading to rapid wear of individual sections
of clothing parts. The strength indicators of fabrics
to abrasion were examined and it was identified that
the strength of the fabric to abrasion decreases after
wet-heat treatment by about 15%, which leads to a
decrease in the quality indicators of garments.

Discussion

It is difficult to overestimate the importance of the ex-
aminations of the effect of hydrothermal treatment on
the properties of textile materials since they allow a
better understanding of what changes occur in ma-
terials during processing and how these changes can
affect the quality and durability of the finished textile
products. One of the key aspects of such examinations
is to determine the optimal parameters of hydrother-
mal treatment, which will preserve or even improve
the physical and mechanical properties of the materi-
al. This is important for manufacturers of clothing and
textiles, as it allows reducing the percentage of defects
and improving the quality of products.

Studies on the effects of hydrothermal treatment
of textile materials have long-term implications for
both industry and consumers of textile products. Un-
derstanding the impact of hydrothermal treatment
allows developing more innovative processing meth-
ods that consider important aspects of preserving the
quality of the material. It also allows enterprises to
save resources as optimised processing methods help
to reduce energy consumption and raw material costs.
An important factor is that the examinations of the
hydrothermal treatment process can have an impact
on the development of new materials and innovative

Examination of the influence of hydrothermal treatment of textile materials...

textiles. Understanding how changes in the structure
and properties of materials affect their functionality
allows creating products that better meet the needs of
modern society.

In the study by Z. Haitang & C. Shan [18] it was
observed that after applying pressure paired with
moisture, the air permeability index in sewing prod-
ucts can substantially decrease, reaching 30%. This
fact indicates that hydrothermal treatment can have
a negative impact on the breathability of textile ma-
terials and requires more detailed research and find-
ing ways to improve the processing process to mini-
mise the loss of breathability. Evaluating the results
obtained by the researchers and this study, the use
of a vacuum installation can help maintain the speci-
fied properties of the materials used, including fabric
thickness, breaking load, and breathability. This is es-
pecially important in the clothing manufacturing pro-
cess, where the quality and characteristics of materials
play a key role. However, it is important to conduct
additional research and testing to confirm the effec-
tiveness of the vacuum installation and determine the
optimal parameters of its application. Such research
can contribute to the development of improved tech-
nologies and processes for processing textile materi-
als, which, in turn, will increase the quality and dura-
bility of the finished textile products.

In the study by Y. Yang et al. [19] it was established
that after the wet-heat treatment process, the break-
ing load of the textile fabric is substantially reduced.
This observation indicates a potential decrease in the
strength of the material after hydrothermal treatment,
which can increase the risk of damage, shorten the
service life of textiles, and reduce their quality and
durability. Such results emphasise the importance of
careful control and optimisation of the WHT process
to minimise losses in strength and preserve the du-
rability of materials and, consequently, the quality of
finished products. In addition, these factors indicate
the need to search for new processing methods or the
use of improved technologies that could preserve the
physical and mechanical properties of textile materi-
als to a greater extent. Effective management of the
WHT process can contribute to prolonging the service
life of textile products, improving their characteristics,
and, as a result, meeting the needs of consumers.

R. Mathangadeera et al. [20] in their study not-
ed that after wet-heat treatment, the strength of the
fabric is substantially reduced, thereby worsening the
overall quality of textiles. These findings highlight the
importance of careful control and management of the
hydrothermal treatment process to ensure the quality
of the final products. Notably, using a vacuum instal-
lation provides a potential solution to minimise the
negative effects of hydrothermal treatment. The pro-
cess of vacuuming allows for better retention of the
properties of textile materials, which in the end, can
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contribute to the preservation of the quality and dura-
bility of textile products.

In the study by R. Vinayagamoorthy [21], special
attention was paid to the damage of textile fibres dur-
ing hydrothermal treatment. Studies have shown that
humidity and elevated temperature, accompanied by
this process, can weaken intermolecular bonds in fi-
bres, which leads to their destruction and deforma-
tion. This observation indicates the need for careful
monitoring and optimisation of hydrothermal treat-
ment conditions to prevent damage to fibres and en-
sure the safety of textile materials. This once again
confirms the importance of research aimed at devel-
oping more effective methods of hydrothermal treat-
ment and improving technologies that would preserve
the physical and mechanical properties of textile ma-
terials during processing.

A. Kumar et al. [22] noted that after hydrothermal
treatment, fabric thickness indicators can substantial-
ly decrease. This fact indicates potential changes in
the structure of the material, such as compaction and
compression of fibres, which can lead to a decrease in
the thickness of the fabric. Reducing the thickness of
the material can affect its thermal insulation, protec-
tive properties, the appearance, and comfort. Notably,
these changes in thickness may be undesirable in some
applications where maintaining the original thickness
of the material is important. Thus, the results obtained
in this study and those of other researchers emphasise
the importance of careful control and optimisation of
hydrothermal treatment processes, considering the
thickness and other properties of the material. This
can help preserve the quality and productivity of tex-
tiles and contribute to the more efficient use of these
materials in various fields, including the textile indus-
try, medicine, and sports applications.

K. Pandey et al. [23] noted that the use of new
methods of processing textile materials may require
additional attention to the technological aspects and
control of the hydrothermal treatment process. This
means the need to train personnel and create more
complex systems to ensure the stability and reliability
of the production process. This study, in addition to the
paper of the above-mentioned researchers, confirms
the need for the development and introduction of new
methods and technologies in the hydrothermal pro-
cessing of textile materials to improve their physical
and mechanical properties and the overall quality of
the final products. Both studies emphasise the need to
improve processing processes to meet the needs of the
textile industry for high-quality and durable materials.

Analysing the above-mentioned studies, the po-
tential of research in the field of textile materials
processing is great and represents an important step
in improving production processes [24]. The rela-
tionship between materials’ physical and mechani-
cal properties and processing conditions implies that

further research may lead to the development of more
efficient and sustainable processing methods. Under-
standing the processes occurring in textile materials
as a result of hydrothermal treatment allows optimis-
ing this process considering specific requirements and
goals, such as maintaining the strength, thickness,
and breathability of materials. Achieving this opti-
misation is of great importance for various industries
where the quality and characteristics of textiles are
important for comfort and safety [25]. Deeper re-
search in this area can contribute to the development
of new processing methods and innovative technolo-
gies that will combine high productivity and minimal
impact on the properties of materials. Such findings
can improve the quality of textile products, reduce
production losses, and create more sustainable and
efficient textile materials. Ultimately, studies of the
effect of hydrothermal treatment of textile materials
on their physical and mechanical properties not only
contribute to the expansion of scientific knowledge in
this field but also have direct application, providing
improvement in the quality and functionality of tex-
tile products in everyday life and industry.

Conclusions

As a result of the conducted examination, which in-
cludes a number of experiments, it was established
that the process of hydrothermal treatment can have
a substantial impact on the properties of textile mate-
rials. A comparative analysis of the existing and pro-
posed WHT methods allowed identifying substantial
changes in the indicators of fabric thickness, break-
ing load, and breathability. On average, it was noted
that the use of the existing WHT method leads to a
decrease in these indicators by 32.9%, 21.41%, and
22.51%, respectively. This indicates a potential loss
of quality of textile materials when using the conven-
tional method. Additionally, the study identified the
negative impact of the technological process of wet-
heat treatment on the fabric structure.

It was noticed that the fabric is subjected to pres-
sure as a result of pressing. This leads to the flattening
of the threads and the formation of flat areas, nega-
tively affecting the material’s physical and mechanical
properties and reducing its strength. As a result of a
series of experiments, it was established that the im-
pact of WHT is accompanied by a substantial decrease
in the air permeability of the fabric and can negatively
affect the comfort and functionality of textiles. The
breaking load and elasticity index also decrease after
processing, which increases the risk of wear and re-
duces the quality of garments. Potential problems as-
sociated with conventional WHT methods were identi-
fied and the importance of further research in the field
of improving processing processes was highlighted.

The introduction of innovative methods, such as
the use of a vacuum installation, can help maintain
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the desired properties of materials and improve the creating better textile products while preserving their
quality of finished products. Areas for further re- characteristics and, ultimately, will contribute to
search in this area may also include the development meeting the needs of customers.

of special recommendations for optimal parameters
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AHoTaniga

AkTyanbHicTh. JloctimxkeHHs y chepi TEKCTUIBHUX MaTepialiB, a TaKOXK BIUITMBY 0OpOOKH Ha iX BIaCTUBOCTI
MalOTh aKTyaJbHICTh, OCKUIBKH JOMOMAaraloTh po3pobidATu ebeKTUBHIIII MeTogu OOpOOKM Ta MiABUINYyBaTH
CTIMKICTh TEKCTWIBHUX MaTepiasliB [0 BIUIMBY Pi3HUX (GaKTOPIB, 10 BAKJIUBO SIK A BUPOOHUKIB, Tak i A1
CIIO’KUBAYiB.

MeTa. MeTOI0 JOCTiKEHHA 6Y/I0 BUBYUTU BIUIUB TiZIPOTEPMiYHOI OOpOOKHM TEKCTWIBHUX MaTepiaiiB Ha ix
¢bisnyHi Ta MexaHiUHI BJIACTUBOCTI, @ TAKOXX PO3POOUTHU TEXHOJIOTiI0 BUPOOHUIITBA OZATY 3 BUKOPUCTAHHAM
HOBOTO CII0CO0Y (IIPHUCTPOIO) IPECOBOTr0O 06IafHAHHA IipoTepMiyHOi 06POOKY 3 KOMIIO3UTHOTI'O MaTepiaJry.
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Examination of the influence of hydrothermal treatment of textile materials...

MeTtogosoria. [Ipu mpoBefeHH] AOCTiPKeHHST BUKOPHUCTOBYBABCS METOJ aHasli3y, a TaKoXX OyB NpOBeAeHUM
eKCIIEpUMEHT, B IKOMY ITpH 06po0Ili BiliGpaHux 3paskiB TKAaHWHU BUKOPHUCTOBYyBalacs TeMIlepaTypa mapu, Ka
He olryckasacs Hik4de 160°C, TemnepaTypa Ha pobounx opraHax rpeca st GopMyBaHHS CITMHKY CTaHOBUIA He
MmeHIre 110°C.

PesynbraTu. B pesynbraTi 6y/l0 AeTaqbHO BHUBYEHO Ta BCTAHOBJIEHO BIUIMB TiZIPOTEPMiYHOI 0OpOOKM Ha
BJIACTUBOCTI TEKCTWIbHUX MaTepianiB. IIpoaHasmi3yBaBIIM iCHYIOUMII METOZ TifipoTepMiuHOI 0Opo6GKU 3
BUKOPUCTAaHHAM BaKyyMHOI YCTaHOBKH, BUSBJIEHO, L0 TPAAUIIIHHIEH c11ocib 06po6KY IPU3BOAUTH 10 iCTOTHOTO
3HIDKEHHS TOBIIUHU TKAHWHY, PO3PUBHOTO HABAHTAXKEHHS Ta MOBITPOIPOHUKHOCTI. Takox 6yJ0 3a3HAUYEHO,
IO M Yac rifpoTepMmiyHoi 06poOKU MaTepiany BiZOyBaeThcs HOrO €KCIOHYBAHHA IIiJi BIUIMBOM THCKY. Lle
TIPU3BOJUTH IO YUIUTBPHEHHA Ta CIUTIONIYBAHHA HUTOK ycepeANHi MaTepiay, CTBOPIOIOYM IUIOCKI AUIAHKH, IO
CIIPUYUMHSIE HECTIPUATIUBI 3MiHU Y Gi3UKO-MeXaH{YHUX XapaKTepUCTUKAX TKAaHUHHU.

BucHoBkwu. Lli pakTopu CBiAYaTh PO MOTEHIIMHE MOTIpIIEHHS AKOCTi Ta JOBITOBIYHOCTI TEKCTUIbHUX BUPOOIB,
IO MOXKe MiZIBUIIUTH BifICOTOK OpaKy Ta HEraTWBHO IO3HAYUTHCI Ha 3aJ0BOJIEHOCTi CIIOXKUBadviB. JlaHe
JOCTiZPKEHHS TaKOXK BKa3ye Ha MePCIeKTUBY BUKOPUCTAHHSA BaKyyMHOI YCTaHOBKH B TiIpOTEpMIiuHill 06poO61Ii,
110 103BOJIsIE 30eperTu bakaHi BIaCTUBOCTI MaTepiasliB, MOKPAIIyIOYH SKiCTh KiHIIEBUX MPOAYKTIB. [IpakTryHe
3HAYeHHs Pe3y/IbTaTiB LIbOTO AOCTIPKEHHS TTOJIATAE Y MOXKJIMBOCTI TOKPAIleHHs STKOCTi TEKCTHIBHUX BUPOOIB Ta
3HIDKEHHs CTYTIeHs TOIMIKOKEHHS MaTepiaiB, 0 BaXXJIUBO AJI 3abe3nedeHH s OUIbII TPUBAJIOI eKCIUTyaTallil
TEKCTWIBbHOI MPOAYKIIii Ta MiIBUIIIeHHA 3a[0BOJIEHOCTI CIIOKUBAdiB

KirouoBi cioBa: ¢opMoOyTBOpeHHA BHPOOIB; CTPYKTypa TKaHUHU; JAedopMallis BOJOKOH; BaKyyMHE
BCTAHOBJIEHHS; PO3PUBHE HaBaHTAXKEHH; TIOBITPOIIPOHUKHICTD



