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Rapid changes in engineering and technology have put on the agenda the creation of
new types of materials —multifunctional textile composites, in which layers of fibrous
materials with different structures, and physical, mechanical, and chemical properties
are arranged in a predetermined sequence. Such materials simultaneously meet many,
sometimes contradictory requirements. The article discusses the possibility of forming
a multifunctional, multilayered textile composite for medical purposes using textile

materials obtained from untwisted siblon yarn.
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Rapid changes in engineering and technology have put on the agenda the
creation of new types of materials —multifunctional textile composites, in which
layers of fibrous materials with different structures, and physical, mechanical,
and chemical properties are arranged in a predetermined sequence. Such
materials simultaneously meet many, sometimes contradictory requirements.
This allows for designing and manufacturing various types of composites with
new properties and capabilities (Moseshvili, Tskhakaia 2017, 51-54).

In multifunctional textiles, the space between the layers is not filled with a
matrix. It can be created by stacking individual textile layers one on another. The
properties of multifunctional textile composites depend on the type of textile
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materials, the physical and chemical properties of the layers, the thickness and
volume of the layers, the volume of air in a system, the mutual arrangement of
layers, and the joining technology.

One type of multifunctional multilayer textiles is medical composites,
particularly 1. Transdermal systems (Atanasova, Staneva, Grabchev, 2021) and 2.
Multilayer textile dressings for wound care (Yadie Yang, Hong Hu, 2016).

In a medical multilayer composite, textile layers can be in the form of woven,
knitted, or non-woven textile materials. Textile materials belong to capillary-
porous bodies, have the ability to absorb various types of substances, and can
retain absorbed substances or release them into the environment.

Goal of the research. The research aims to investigate the possible uses for
textile materials with high hydrophilic properties, made using non-traditional
technology, as the layer in contact with human skin in a multilayer composite.

Textile materials formed by nontraditional methods are knitted fabrics and
fabrics made from untwisted (obtained by gluing fibers) yarn. This choice was
made due to the peculiarity of the structure of untwisted (glued) yarn and the
high moisture sorption and transport ability of textile products made from it
(Moseshvili 1986, 124-180).

Unlike traditional spinning methods, in untwisted (glued) yarn, the fibers are
located parallel to each other instead of curvilinear location. Temporary adhesive
bonds are established between them, which are washed out after the canvas
is finished, and only bundles of parallel fibers remain in the fabric structure
(Horrocks, 2010). This leads to high porosity of the material, and therefore easy
absorption of liquids and gases, maximum penetration, and conduction.

For the layer in contact with human skin, we consider it appropriate to use
textile materials made of high-modulus viscose fibers, in particular, siblon
(Moseshvili 1986, 124-180).

Two types of textile materials were prepared for the study:

1. Experimental siblon fabric, in which the warp threads are formed according
to the principles of traditional spinning, and the weft threads are untwisted yarn;

2. Experimental knitted fabric, formed from untwisted siblon yarn.

These textile materials are woven from yarn with a linear density of 25 tex.
Fabric density: 258 threads per 10 cm in the warp direction, 200 threads per 10
cm. The technological parameters, and physical and mechanical properties of the
experimental siblon fabric are described in the work (Moseshvili 2007).

The structure and porosity of the selected textile materials were studied using
the microscopic scanning method. This method allows us to obtain an image
of the sample on a personal computer screen and then determine its porosity
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indicators by digital scanning. Figures 2 and 3 illustrate microphotographs of
experimental fabric and knitwear.
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Figure 3. Microphotograph of experimental knitwear.

Determination of porosity. The obtained microphotographs were processed
using the MATLAB R 2013b subprogram. The binarization method was used to
process the image and determine the porosity, which provides information about
the number of the so-called black and white dots and gives us a histogram of their

distribution.
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Fig. 4. Porosity histogram for an experimental fabric.
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Fig.5. Porosity histogram for an experimental knitted fabric.

The microphotographs (Fig. 2 and Fig. 3) clearly illustrate the peculiarity of the
arrangement of fibers in the yarns of the experimental fabric and knitted fabric,
particularly, spirally arranged fibers in a traditional yarn (warp) and parallel
arrangement of fibers in a weft (untwisted yarn). In such a fabric, porosity is
determined not only by the space between the fibers but also by the micro-voids
directly between the fibers in the yarn.

Analysis of the histograms (Fig. 4 and Fig. 5) reveals the high porosity of the
studied materials. The histogram shows the number of black dots on the photo
material near 0, and the number of white dots (pores) near 255.

For the experimental fabric (Fig. 4), the volume of white dots in the image is
18% of the total volume, while for the knitted fabric (Fig. 5), the volume of white
dots is 35% of the total volume.
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Conclusion. In multifunctional, multi-layered textile composites for medical
purposes, the textile layers in contact with the human skin should be made of
materials with high porosity, good fluid, and air permeability. In fabrics formed
from untwisted yarns and knitted fabrics, the parallel bundles of fibers formed by
washing out the adhesive provide high porosity of the material and, accordingly,
increased air and liquid permeability due to the increase in the interfiber space.

Textile materials developed using siblon experimental, non-traditional
technology are characterized by high porosity, which determines both the
high permeability of liquids and gases, as well as their rapid transport into the
environment. This allows the use of textile materials made of siblon as a textile
layer in contact with the skin in transdermal patches.
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