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Fibrous polymer composites belong to an important class of modern materials, which
are certainly different from traditional materials in terms of their quality characteristics.
In particular, with different combinations of constituent components, it is possible to
obtain materials of various functional purposes with desired properties. According to
structural indicators, the textile materials are divided into 4 levels, which describe the
only fiber material in which the fibers/threads are bonded by frictional forces. But there
are textile materials produced by nontraditional technologies — materials produced by
using non-twisted yarns. They are micro composites. We offer following formulation of
the 4" level of textile structures - The 4" group fiber material is a fiber material in which

the fibers/threads are bonded by frictional or adhesive forces.

Keywords: Fibrous polymer composites, textile materials, textile structures, Non-

twisted yarns.

Fibrous polymer composites belong to an important class of modern materials,
which are certainly different from traditional materials in terms of their quality
characteristics. In particular, with different combinations of constituent
components, it is possible to obtain materials of various functional purposes with
desired properties. According to structural indicators, the textile materials are
divided into 4 levels, which describe the only fiber material in which the fibers/
threads are bonded by frictional forces. But there are textile materials produced
by nontraditional technologies-materials produced by using non-twisted yarns.
They are micro composites. We offer following formulation of the 4th level of
textile structures - The 4th group fiber material is a fiber material in which the
fibers/threads are bonded by frictional or adhesive forces.

The advanced rate of technical and technological development has created
completely new challenges for textile industry. Applications of household and
technical textiles have gone beyond the traditional framework and firmly have
established themselves in industries such as machine-building, aeronautics and
space, biomedical engineering, construction, military industry and so on.
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Many technical, household, medical and other-purpose products are
made of modern polymer composite materials. A special place among them is
occupied by reinforced polymer materials (fibrous polymer composites), which
are characterized by high technical, operational properties and increased
reliability. Fiber polymer composites are materials having the heat and electrical
insulation, structural, chemical resistance and other properties. The fields of
their application are various areas of engineering and technologies, particularly:
transport engineering (parts of automobiles and aircrafts), machine-building,
radio engineering, electronics, construction, medicine, agriculture, instrument
engineering, sports and tourism.

When designing textile structural composites, it is necessary to select such an
optimal ratio of components, manufacturing methods and forms as to provide the
best performance characteristics of the product at minimal cost. The selection of
the correct ratio of form and structure is an important factor for the optimization
of the used material and adaptation of structure formation to the technological
processes, as well as for the achievement of necessary operational and cost
indicators. It is therefore very important to harmonize the shape and properties
of the textile material with the technology of manufacturing composites.

Fibrous polymer composites belong to an important class of modern materials,
which are certainly different from traditional materials in terms of their quality
characteristics. In particular, with different combinations of constituent
components, it is possible to obtain materials of various functional purposes with
desired properties.

The properties of polymer composite materials depend on the properties of
the constituent components - reinforcing material (frame) and matrix (polymeric
filler), their mutual arrangement, and the condition of their interphase separation
surfaces. During the design of fiber polymer composites, depending on their
functional purpose, it is important to correctly select reinforcing fiber materials,
determine their properties and structure.

The fiber polymer materials are from a wide variety of materials, mainly
textiles, paper and polymer fiber composites. They differ in fiber composition,
fiber arrangement and their interaction and, therefore, properties.
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Table 1. Generalized data on the characteristics of the morphological structure of
fibers and fiber materials

The type of material Characteristic features

Porous materials from moving fibers/
Textile threads by interlacing, which are bonded
by coupling-frictional forces;

Porous materials obtained by sewing layers
of fibers/threads or from layers of fibers
bonded together

Non-woven textile materials

Layered porous materials from chaotically
Paper, cardboard arranged short fibers that are bonded
adhesively or cohesively.

Monolithic polymer materials
(thermoplasts, reactoplasts, elastomers)
reinforced with fibers, threads or fibrous
structures.

Fiber composites

According to structural indicators, the textile materials are divided into 4
levels (S. Eichhorn 2009: 3-21):

I structural level — structure of molecules of fiber-forming polymers. Almost
all types of fibers consist of linear organic polymers that have a chain structure of
macromolecules and consist of atoms of the light chemical elements C, O and N.
Only these atoms can form elastic linear macromolecules and, accordingly, the
oriented polymer structures - fibers.

II structural level. Super molecular (nano) structure. At this level, the
morphology of the fibers consists of parallel fibrils and their aggregates (macro
fibrils), which are oriented in the direction of the fiber axis.

III structural level. Fiber microstructure. This level takes into account
the size and shape of the cross-section, the layered heterogeneity of the fiber.
When considering the mechanical properties of fibers, a cylinder model with
coaxially arranged layers is used, which allows us to approximately consider the
mechanical properties. Fibers have individual defects and pores that result in
local stress concentrations as a result of force introduction. The main indicator is
the outer geometric surface and the inner surface of a porous structure.

IV structural level. Fiber material. It should be noted that the group of fiber
materials is the only fiber material in which the fibers/threads are bonded by
frictional forces, and the deformation occurs as a result of the deformation of the
fibers/ threads, as well as due to their reversible mutual displacement.
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As we can see, the 4 hierarchical levels of the provided fiber materials are
defined only for those textile structures in which the fiber materials are connected
to each other only by the force of friction. However, there are textile fabrics
obtained by non-traditional technology, whose structure is radically different
from other textile materials. In particular, we are talking about textile fabrics
made of non-twist (bonded) yarn, which represent a different structural type.
They can be called micro composites — yarn formed as a result of bonding of the
discrete fibers.

The system of non-twist spinning of textile fibers was developed in the 70s
of the last century and is used for the production of textile materials with special
properties. In this case, we are dealing with the non-traditional yarn production
technology, which allows processing the fiber of any length and obtaining a
desired linear density product from it. At present, the manufacturing lines have
been constructed, where very lightweight delicate, highly breathable and liquid-
absorbing products are obtained using this spinning system (Zhejiang Leinuo
Textile Technology).

The non-twist (bonded) yarn, as a microcomposite, is a textile material
obtained from discrete fibers arranged in parallel and connected to each other by
adhesive forces. In contrast to the structure of the yarn obtained by twisting, the
fibers are not arranged spirally with respect to the axis of the yarn, but parallel to
each other. The strength of this type of yarn is determined by the strength of the
fibers and the adhesive bonds connecting them. That is, such yarns themselves
are a kind of composite material, in which the space between fibers is occupied
by the point-like couplings of the adhesive substance. These couplings are
temporary, since the adhesive is washed out during the removal of fabrics, and
only parallel fibers remain in the fabric structure (Mocemsuxu 1986: 124-180).

The no-twist yarn is formed by introducing a certain amount (8-20%) of an
adhesive into the fiber mixture, which can be added in liquid form, in the form
of thermoplastic inclusions or as a cake of fusion.

Thus, the structural level 4 definition of fiber materials does not fully present
the macrostructure of fiber materials, and the existing definition “The group of
fiber materials is the only fiber material in which the fibers/threads are bonded by
frictional forces, and deformation occurs as a result of fiber/thread deformation,
as well as by their reversible mutual displacement” is not complete and needs
correction and extended definition. It should be formulated as follows: “The
group fiber materials is a fiber material in which the fibers/threads are bonded
by frictional or adhesive forces, and the deformation occurs as a result of the
deformation of the fibers/threads, as well as their reversible mutual displacement
in the longitudinal or transverse direction”.
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Based on the above, I consider it appropriate to formulate the structural
classification of textile materials as follows: “The structure of textile fiber
materials is characterized by the mutual spatial arrangement of fibers and threads.
Therefore, fiber materials can be divided into two types:

1. Composed directly of fibers (non-woven materials);

2. Composed of threads (fabrics, knitwear, etc.).

For composite materials, the fiber materials represent the interconnection of
fibrous structures with polymer matrix.

Structural view of the fiber materials is very important for the prediction of
operational properties of composite. It implies the properties of fiber materials
as a group of fibers/threads and a number of independent aspects for different
fibrous structures. Their structural feature is essential for fabrics, knitwear, non-
woven materials, and fiber composites.
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