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Abstract. This article provides detailed information about the identification of pile fabric weaving processes, their 
characteristics, production technologies, and research methods. Pile fabrics are analyzed as one of the most complex 
types of textiles and are classified based on the arrangement of warp and weft threads. The equipment used in the 
research and the sequential steps of the testing process are described. The practical importance of pile fabric identification 
and the methodology of laboratory tests are also explored.

Keywords: pile fabrics, textile weaving, identification methodology, warp-weft threads, laboratory research, artificial fur, 
velvet, plush, velour, textile technology. 

Annotatsiya. Ushbu maqolada tukli matolarning toʻqilish identifikatsiyasi, ularning xususiyatlari, ishlab chiqarish 
texnologiyasi va tadqiqot metodlari haqida batafsil maʼlumot beriladi. Tukli matolar gazlamalar guruhining murakkab 
turlaridan biri sifatida oʻrganilib, arqoq va tanda iplarning joylashuviga koʻra ajratiladi. Tadqiqotda qoʻllanilgan uskunalar 
va sinov jarayonining ketma-ketligi tavsiflangan. Tukli matolar identifikatsiyasining amaliyotdagi ahamiyati va laboratoriya 
sinovlarining metodologiyasi oʻrganilgan.

Kalit so‘zlar: tukli matolar, gazlama toʻqilishi, identifikatsiya metodikasi, arqoq-tanda iplar, laboratoriya tadqiqoti, sunʼiy 
moʻyna, barxat, plyush, velvet, tekstil texnologiyasi.

Аннотация. В данном статье подробно рассматривается идентификация тканых текстильных материалов с 
ворсом, их характеристики, технологии производства и методы исследования. Ворсовые ткани изучаются как одна 
из сложных групп текстильных материалов, различаемых по расположению нитей основы и утка. Описывается 
оборудование, используемое в исследовании, и последовательность проведения испытаний. Изучается 
практическая значимость идентификации ворсовых тканей и методология лабораторных испытаний.

Ключевые слова: ворсовые ткани, текстильное ткачество, методика идентификации, нити основы-утка, 
лабораторные исследования, искусственный мех, бархат, плюш, велюр, текстильные технологии.
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I N T R O D U C T I O N
Nowadays, the range of fabrics is extremely diverse and continues to expand due to advancements in 

modern science and technology. This process is driven by changing fashion trends and the human desire 
for aesthetic expression [1]. The expansion and diversity of fabric assortments require systematic study and 
categorization into specific groups. Examples include cotton fabrics, linen fabrics, pile fabrics, woolen fabrics, 
silk fabrics, blended fabrics made of chemical fibers, special and technical fabrics, and more. This study 
provides information about pile materials, their types, and unique characteristics [2].

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
Pile fabrics are materials entirely or partially covered with pile. Depending on the type of fabric, the pile 

may be located across the entire surface or only in specific areas [3].
The pile length in such fabrics ranges from millimeters (or even smaller) to several centimeters. Modern 

types of pile fabrics include artificial fur, velvet, plush, velour, and others. Their price depends on the raw 
materials, application, production technology, and fabric type [4].

The manufacturing technology of pile fabrics determines their structure. Any type of raw material can be 
used: natural, artificial, synthetic, or mixed. According to state standards, fabrics can be made of cotton, silk, 
viscose, polyester, wool, and others [5].

The most common pile fabrics are traditional velvet (barxat), plush, velvet, and artificial fur. Traditional 
velvet (barkhat)– characterized by densely packed, almost vertically aligned pile about 2–3 mm long on the 
surface [6].

Plush – a heavy fabric with long, soft, slanted (sometimes patterned) pile, used for womenʼs and childrenʼs 
coats, furniture, and curtains.

Artificial fur – distinguished by the length of its pile [7].
Velvet – features a pile layer on the surface in the form of strips or grooves [8].

R E S E A R C H  M E T H O D O L O G Y
For pile fabric identification, the directions of warp and weft threads are determined, and the pileʼs 

arrangement is analyzed to classify the fabric as warp-pile or weft-pile [9].
Tools used:
•	 “Prior” light microscope.
•	 Sharp scissors.
•	 Needle for sample preparation.
•	 Digital camera.
Sample collection. The sample was taken as a single piece that fully reflects the characteristics of the pile 

fabric. The sample was collected across the length and width of the fabric, including warp and weft threads, as 
well as the selvage.

The selvage refers to the reinforced edges of the fabric formed during the weaving process, which prevents 
the fabric threads from unraveling. Selvages are formed on both sides of the fabric and run along the entire 
length of the roll. For analysis, a pile fabric sample was taken with a length of no less than 20 cm and across 
the entire width of the fabric. The sample was cut according to the type of laboratory test to be conducted, 
ensuring its suitability for testing. Using sharp scissors, the sample was cut without any tearing, along its full 
width and the specified length. The sample must be in a condition suitable for research purposes.

Sequence of research. The prepared sample is separated from the weft threads along the selvage. During 
this process, attention is given to whether the pile is attached to the warp or weft threads.

Weft-pile fabrics. Weft-pile fabrics consist of three thread systems: one warp thread and two weft threads. 
The first weft forms the fabric in combination with the warp threads, while the second creates long loops, which, 
when cut, produce the pile surface.

All weft-pile fabrics have high-density weft threads and low linear density cotton fibers. Examples of such 
fabrics include traditional velvet, which features a pile coating along the weft direction, and semi-velvets with a 
uniform pile covering the entire surface (Figure 1).
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Figure 1. Arch-pile thread
The prepared sample is separated along the warp threads. Attention is paid to whether the pile is attached 

to the warp threads or the weft threads (Figure 2).

Figure 2. Crosswise pile thread

Warp-pile fabrics. Warp-pile fabrics are formed using a system of five threads: three warp threads and two 
weft threads. Two warp threads and two weft threads create separate base fabrics, while the third pile-forming 
warp is cut with a blade, producing two pile fabrics with pile surfaces on the textile. Pile fabrics woven from 
natural silk or artificial threads include materials such as duchess satin, plush, and faux fur.

Analysis and results
If the pile in our sample separates along the weft threads, the sample is classified as a warp-pile fabric. 

This is because the pile is attached to the weft threads and woven parallel to the warp threads (Figure 3).

Figure 3. Warp-Pile Fabric

If the pile in our sample separates along the warp threads, the sample is classified as a weft-pile fabric. 
This is because the pile is attached to the warp threads and woven parallel to the weft threads (Figure 4).
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Figure 4. Types of woven fabrics distinguished by the arrangement of yarns and weaving method

The range of pile fabrics today is very diverse, and with the development of modern technology and 
science, it continues to expand. Pile fabrics such as velvet, plush, velour, and faux fur vary depending on the 
raw materials and production technology. The production of such fabrics, their structure, and pile arrangement 
allow them to be classified as warp pile fabrics or weft pile fabrics.

In the study, the fabric type was analyzed under a microscope to observe the alignment of the pile with 
respect to warp and weft threads. According to the results, if the pile aligns with the warp thread, the fabric is 
classified as warp pile. If the pile aligns with the weft thread, the fabric is classified as weft pile.

The alignment of the pile with warp or weft threads plays a key role in the classification of pile fabrics in the 
Commodity Nomenclature of Foreign Economic Activity (HS), where codes 5801 33 and 5801 37 are assigned 
to such fabrics.

For example, if the warp yarns of the fabric consist of polyefir fibers and the weft yarns are made of cotton, 
the method of IR spectroscopy is used in practice to identify the separated yarns. In our practice, spectra in 
such cases were obtained using the Perkin Elmer Spectrum Two FTIR Spectrometer (Figure 5).

Figure 5. IR spectrum of cotton
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Cotton IR spectrum (Infrared spectrum) analysis can be as follows: Infrared (IR) spectroscopy is widely 
used to determine the chemical composition and structure of cotton material. This method identifies the main 
functional groups in cotton and their vibrational spectral signals. 

~3300-3500 cm⁻¹ range - A broad and strong signal in this region indicates water (H₂O) or moisture in cotton. 
O–H peaks may also be present, as cotton consists of natural fibers with hygroscopic properties. ~2900-3000 
cm⁻¹ - This signal typically represents vibrations of CH₂ and CH₃ groups, related to organic fibers and carbon 
chains in cotton. ~1730-1650 cm⁻¹ range (strong signal) - Vibrational signals of carbonyl (C=O) groups may be 
present in this region. However, since cotton is a natural fiber, carbonate or other substances are more likely to 
be present here rather than carbonyl groups. ~1600-1500 cm⁻¹ (mixed signals) - May be related to aromatic or 
other conjugated groups. For cotton as the primary fiber, carbonate or other deformational vibrations may be 
present in this region. ~1200-1000 cm⁻¹ range - Vibrations of O–H, C–O, and other oxidized groups are located 
in this region. May be related to polysaccharides and lignin in cotton. 

Cotton’s IR spectrum helps study its chemical composition and structural characteristics. Among the main 
spectral lines, vibrational signals of water, organic fibers, and polysaccharides are identified. Spectral data can 
be used to evaluate cotton quality, moisture content, and compositional components (Figure 6).

Figure 6. IR spectrum of polyester

Polyester IR spectrum analysis is as follows - the main lines and signals in the spectrum correspond to 
the chemical structure of polyester. IR spectroscopy is used to identify the main functional groups and bonds 
in polyester.

~2916-2917 cm⁻¹ - Vibrations of CH₂ and CH₃ groups are present in this region. This indicates the presence 
of ethyl or methyl groups in polyester. ~1714 cm⁻¹ - This signal represents vibration of the carbonyl (C=O) 
group. For polyesters, this is the most fundamental and strong signal, being their main characteristic. This 
signal is specific to the ester groups in polyesters. ~1455 cm⁻¹ and ~1370-1380 cm⁻¹ - Deformational vibrations 
of CH₂ and CH₃ groups may be present in these regions. ~1245-1248 cm⁻¹ - This frequency corresponds 
to carbonate bonding or ethyl ester groups. Characteristic of ester bonds in polyesters. ~1084-1094 cm⁻¹ - 
Vibrations of C–O and oxidized groups are present in this region, which is one of the main bonds in polyesters. 
~720-730 cm⁻¹ - Deformational vibrations of CH₂ groups may be present in this region.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
The IR spectrum of polyester is distinguished by strong and broad spectral signals of the carbonyl (C=O) 

group, indicating its ester bonding. Vibrations of CH₂ and CH₃ groups are clearly visible in the spectrum. C–O 
bonds and deformational vibrations are identified in the spectrum. This spectrum provides information about 
the chemical structure and compositional components of polyester.
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