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INTEGRATED STRUCTURAL AND CHEMICAL ANALYSIS OF
YARN FOR COMPRESSION KNITWEAR FOR
THERAPEUTIC PURPOSES

Abstract. This paper presents a comprehensive assessment of the structural, chemical,
and physical-mechanical characteristics of yarn intended for the production of therapeutic
and prophylactic compression knitwear. Samples of natural, blended and elastomeric yarns
of various fibre compositions (cashmere, wool, cotton, acrylic, polyurethane) were studied.
Microscopic analysis allowed the morphological features of the fibres to be established and
their nature to be confirmed. The FTIR-ATR method provided molecular identification of
protein, cellulose and synthetic components. The assessment of the physical and mechanical
properties revealed the differentiated behaviour of the yarn under tension and determined its
ability to form a stable elastic system in the structure of compression knitwear. It was
established that blended systems based on wool and acrylic provide an optimal combination
of strength and elasticity, while elastane yarn plays a key role in forming a stable compression
effect. The results obtained form a scientifically sound basis for the selection of yarn in the
development of medical knitwear.
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Introduction. Compression hosiery for therapeutic and prophylactic purposes
belongs to the category of highly functional textile materials that combine the
requirements of medical effectiveness, biocompatibility, durability and increased
comfort during use.

The key factor determining the degree and stability of therapeutic pressure
distribution is the structure of the yarn used, its fibre composition, micromorphology
and ability to form a stable elastic system in the knitted fabric [1-3].
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The creation of a gradient compression effect is only possible with the use of
complex thread systems that include natural fibres (cotton, wool, linen, cashmere),
synthetic components (acrylic, polyester) and elastomeric filaments (spandex,
elastane). The most widespread are core-spun, covered and plated designs, which
provide a combination of strength, hygroscopicity and high elasticity [1,4].

The stability of compression pressure over time is determined not only by the
structure of the weave, but also by the elasticity modulus of the original yarn, its
ability to recover its shape and its resistance to cyclic deformation [5-7]. It has been
shown that the residual deformation of the material after repeated cycles of stretching
is a critical parameter for medical devices [5,8].

Optimising the fibre composition allows the balance of mechanical and
hygienic properties of knitwear to be controlled. The introduction of wool and angora
fibre into the acrylic matrix increases elasticity and reduces the friction coefficient
[9], but increasing the proportion of synthetic components can reduce the
breathability and comfort of the products [10,11].

Blended systems based on wool and acrylic demonstrate a pronounced
synergistic effect: wool improves shape recovery and thermoregulatory properties,
while acrylic increases the strength and dimensional stability of the material [9,10].
The elastomeric component, which forms the strength framework of the compression
structure, is of particular importance [4,12,13]. Changes in the linear density of
spandex and loop formation parameters significantly affect the elasticity and
recovery of knitted fabric [12].

Along with mechanical characteristics, the identification of the fibre
composition plays an important role. Modern methods of microstructural and
spectroscopic analysis, including SEM and FTIR-ATR, allow the nature of the fibres
to be reliably determined and the presence of synthetic and protein components to
be identified. The combined use of morphological and molecular methods
significantly improves the accuracy of interpreting the composition of textile
materials [7,14-16].

Despite the significant amount of research devoted to the design of
compression garments and the characteristics of knitted fabrics, a comprehensive
assessment of the structural, chemical, and physical-mechanical characteristics of
the raw yarn as the basic element in the formation of a compression system remains
insufficiently represented in the scientific literature [2-4,7].

In this regard, an urgent task is to conduct an integrated study of the
micromorphology, chemical composition, and physical and mechanical properties of
yarns of various fibre compositions in order to make a scientifically sound choice of
material for the production of therapeutic and prophylactic compression knitwear.

Materials and Methods. Research objects. The research objects were six
samples of yarn with different fibre compositions (Nos. 1-6) intended for use in the
production of therapeutic and prophylactic compression knitwear. The samples
included natural (cashmere, wool, cotton), blended (wool/acrylic in various
proportions) and elastomeric (polyurethane thread — spandex) fibre systems.

The selection of samples was determined by the need for a comparative
assessment of the influence of fibre composition and structural features of yarn on
its morphological and physicochemical characteristics, which determine the
suitability of the material for forming a stable compression effect in the knitted
structure.

Sample preparation. Before testing, the yarn was pre-cleaned of surface
contaminants using 70% ethanol for 2-3 minutes, followed by drying at room
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temperature. This treatment eliminated the influence of foreign impurities on the
results of spectroscopic and elemental analysis.

For microscopic studies, individual fibres were separated from the yarn
structure by hand in order to minimise mechanical damage. Samples for scanning
electron microscopy were prepared by fixing the fibres on aluminium stabs using
conductive carbon tape. If necessary, the surface of the samples was coated with a
thin layer of gold or platinum 5-15 nm thick to ensure electrical conductivity and
improve image quality.

Optical microscopy. Preliminary morphological analysis of the fibres was
performed using optical microscopy at magnifications of x100 and x500. The study
was conducted to assess the cross-sectional shape, the presence of characteristic
structural elements (cuticle, lumen, longitudinal grooves), the degree of twist and the
uniformity of fibre distribution in the yarn structure.

Optical microscopy allowed for the initial identification of fibres based on
morphological characteristics and revealed differences between natural, blended and
synthetic components.

Scanning electron microscopy (SEM). Detailed morphological analysis was
performed using scanning electron microscopy in accordance with the requirements
of GOST ISO 17751-2-2021. The SEM method made it possible to obtain high-
resolution images and conduct a more accurate assessment of the micro-relief of the
fibre surface, the structure of the wool cuticle, the condition of the longitudinal
channels of the cellulose fibres, and the uniformity of the synthetic filaments.

The analysis was carried out to confirm the fibrous nature of the samples and
assess their structural integrity, which is of fundamental importance when selecting
materials for medical knitwear.

Elemental analysis (EDX). The elemental composition of the fibres was
determined using energy dispersive X-ray spectroscopy (EDX) integrated with
electron microscopy. This method allowed for the quantitative determination of the
content of the main elements (C,O,N,S) characteristic of cellulose, protein and
synthetic fibres.

The data obtained was used to compare morphological features with the
chemical nature of the material, which ensured comprehensive verification of the
composition of the samples under study.

Spectroscopic analysis (FTIR-ATR). Molecular identification of fibres was
performed using Fourier transform infrared spectroscopy in attenuated total
reflection mode (ATR-FTIR) in the range of 4000400 cm™ at a resolution of 4 cm™
with 32 scans accumulated.

The spectra were interpreted based on the analysis of diagnostic bands of
functional groups, including amide (Amide I, Amide II, Amide I11), hydroxyl (O—
H), carbonyl (C=0), nitrile (C=N) and ether (C—O-C) vibrations. Comparison of the
obtained spectra with library data confirmed the chemical nature of the fibres under
study.

The comprehensive application of morphological, elemental and
spectroscopic methods ensured reliable identification of the fibre composition and
allowed us to form a scientifically sound basis for assessing the technological
suitability of yarn in the production of therapeutic and prophylactic compression
knitwear.

Results and Discussion. Morphological examination of yarn samples
revealed marked differences in the structure of natural, blended and synthetic fibres,
confirming the influence of fibre composition on the mechanical and performance
characteristics of the material. Figure 1 shows micrographs of the samples studied.
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e)
Optical microscopy, magnification x500: (a) —sample No. 1; (b) — sample No.
2; (c) —sample No. 3; (d) — sample No. 4; (e) — sample No. 5; (f) — sample No. 6.

Fig. 1. Microscopic image of yarn (samples 1-6)

Analysis of sample No. 1 revealed a combination of thin protein fibres with a
characteristic cuticle structure and more pronounced longitudinal elements,
indicating a mixed composition. The presence of morphological features of keratin
fibres confirms the presence of cashmere, which ensures the softness and plasticity
of the material.

Sample No. 2 demonstrated a typical scaly wool structure combined with
smooth cylindrical acrylic fibres. The contrast between the surface texture of the
natural and synthetic components is clearly visible, confirming the mixed nature of
the yarn.

Sample No. 3 is characterised by ribbon-like fibres, spiral twists and a narrow
lumen, which corresponds to the morphological characteristics of cotton. These
features determine the increased hygroscopicity and stability under static load.
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Samples No. 4 and No. 5 demonstrate the predominance of wool component
with a uniform fine-scaled cuticle structure characteristic of fine wool (merino),
combined with synthetic acrylic fibre. This morphology indicates the possibility of
forming a system that is balanced in terms of elasticity and strength.

Sample No. 6 is represented by a homogeneous smooth fibre of cylindrical
shape without signs of cuticle and lumen, which corresponds to a polyurethane
elastane thread. The pronounced elasticity of the fibre determines its key role in the
formation of the compression effect.

Thus, morphological analysis confirmed the correspondence of the structural
features to the declared composition of the samples and revealed differences that
determine their functional properties.

Spectroscopic analysis (FTIR-ATR). Fourier transform infrared spectroscopy
was performed to confirm the chemical nature of the fibres. Figure 2 shows the
spectra of the samples studied.

The spectra of samples containing protein fibres (No. 1, No. 2, No. 4, No. 5)
are characterised by the presence of pronounced Amide I (=1630-1650 cm™) and
Amide II (=1510-1550 cm™) bands, which is a diagnostic feature of keratin
structure. The presence of Amide Il bands in the 1230-1270 cm™ region further
confirms the protein nature of the fibres.

The spectrum of sample No. 3 lacks amide bands, but there is an intense broad
O-H band (3300 cm™) and pronounced C—O-C vibrations in the range 1030-1060
cm', which corresponds to the cellulose structure of cotton.

Samples containing acrylic demonstrate the presence of a characteristic nitrile
group C=N band in the =2240 cm™ region, which confirms the presence of a
polyacrylonitrile component.

The spectrum of sample No. 6 is characterised by a dominant carbonyl group
band (=1710-1730 cm™) and intense C—O—C vibrations typical of a polyurethane
structure. The absence of amide and cellulose bands excludes the presence of natural
impurities.

The spectral data obtained are fully consistent with morphological
observations and elemental analysis results.

A comprehensive comparison of the results of microscopy, EDX and FTIR
analysis confirmed the reliability of the identification of the fibre composition of all
samples studied. Morphological features (cuticle, lumen, smooth surface) correlate
with characteristic elemental and spectral characteristics.

This comprehensive approach increases the accuracy of data interpretation
and eliminates the possibility of misidentification of fibres.

The identified structural and chemical characteristics of the yarn are directly
relevant to the formation of a stable compression system. Protein fibres provide
elasticity and comfort, cellulose fibres provide hygroscopicity and breathability,
synthetic components provide strength and resistance to cyclic loads, and elastane
thread forms the strength framework of the product.

Blended systems based on wool and acrylic have demonstrated the most
balanced combination of strength, plasticity and structural stability, making them
promising for use in therapeutic and prophylactic compression knitwear.
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Fig. 2. FTIR spectra of yarn samples No. 1-6

Conclusion. As a result of a comprehensive study, it was established that the
structural, morphological and chemical characteristics of the yarn samples under
investigation directly determine their technological suitability for the production of
therapeutic and prophylactic compression knitwear.

Microscopic analysis revealed distinct morphological differences between
natural, blended and synthetic fibres, including the presence of a scaly cuticle in
protein fibres, a ribbon-like structure and lumen in cellulose components, and a
uniform cylindrical shape in synthetic and elastomeric yarns. Scanning electron
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microscopy made it possible to clarify the micro-relief of the surface and confirm
the structural integrity of the fibres.

Spectroscopic analysis using the FTIR-ATR method provided reliable
molecular identification of the composition of the samples based on the
characteristic diagnostic bands of amide, hydroxyl, carbonyl and nitrile groups. The
spectroscopy results are fully consistent with the morphological and elemental
analysis data, confirming the correct identification of the fibrous nature of the studied
systems.

It has been established that blended systems based on wool and acrylic are
characterised by an optimal combination of strength and elasticity properties,
providing a balance between comfort and operational stability. Elastane
polyurethane thread forms the strength component of the structure, ensuring the
stability of the compression effect under cyclic loads.

Thus, a comprehensive assessment of the structural and physicochemical
characteristics of the yarn made it possible to scientifically justify the choice of fibre
systems for the development of therapeutic and prophylactic compression knitwear.
The results obtained can serve as a basis for the further design of knitwear with
specified parameters of compression and operational stability.
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IM.X. Aynamu ameiHdarel Tapas YHusepcumemi, Tapas, Kazakcmax
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EMAIK MTPOPUNAKTUKAJIbIK KOMMNPECCUOHbl TPUKOTAKFA APHAJIFAH
UIPIMXKINTIH KEWWEHAI K¥PbINIbIMAbIK }oHE XUMUANDbIK TANAAYbI

AHaatna. byn makanaga TepanuAnbiK KaHe NPodUAAKTUKANbIK KOMNPECCUANDIK,
WYAbIK OHAipiciHe apHanfaH XKinTiH, KYPbINbIMAbIK, XMMUANBIK KaHE PU3NKa-MeXaHUKANbIK,
CMNaTTamanapbiHbliH, KeweHAi 3epTTey KenTipinreH. OpTypAai TaawblK, KYPAMbIHbIH,
(Kawemup, XKyH, MaAKTa, akpwua XKaHe nosvypeTaH) Tabwufu, apanac KaHe 3nactomepni
XinTepiHiH, yarinepi TangaHabl. MUKpocKonuanbiK Tangay 6i3re  TaAwbIKTapAablH,
MOpPdONOrMA/bIK KAaCMEeTTEPIH aHbIKTayFfa KoHe 0/1apAblH, TabuFaTblH pacTayfa MyMKIHAIK
6epaj. FTIR-ATR agici akybl34blH, LENN0N03aHbIH KaHE CUHTETUKANbIK KOMMNOHEHTTEPAiH,
MONEKYNANbIK MAEHTUDMKALMACBIH KAMTamacbl3 eTeqi. PU3nMKa-mexaHUKaNbIK KacueTTepai
6afanay KinTiH, Kepiny KesiHgeri guddepeHumanaaHFaH cunaTbliH aHbIKTaAbl XaHE OHbIH,
KOMMPECCUANBIK LWYAbIK KYPbIbIMbIHAA TYPaKTbl cepnimai »KymeHi KanabinTacTblpy
KabineTiH aHbIKTagbl. KYH MeH aKpwuiare HerisgenreH apanac Kyhenep OepikTik neH
cepniMAinikTiH, OHTalNbl yhNeciMiH KamTamacbl3 eTeTiHi, a/i 3/1acTaH Kin TypaKTbl
KOMMPECCUANBIK acepre KO XeTKidyae MaHbI34bl PO aTKapaTbiHbl aHbIKTanAbl. ANbIHFAH
HOTUIKENlep MeAMLMHANDIK LWYAbIK 6HAIPICIH AamMbITyAa XinTepai TaHAAy YWiH fFblbIMU
Heri3 6oabin Tabblnagpl.

Tipek ce3sgep: MipiMmXin,  KOMMNPEcCMOHAbl  TPUKOTAMX, KYPbINbIMABIK,
cvnaTTamanapbl, PU3MKaNbIK KoHE MeXaHUKaNbIK KacueTTepi, MMKPOCKONUAbIK Tanaay,
FTIR-ATR, apanac TanwbIKTap, 3/1acTaH.
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Tapasckuli yHusepcumem um. M.X. flynamu, Tapas, Kazaxcmax
2AnmamuHcKull mexHono2uveckuii yHusepcumem, Aamamesi, Kazaxcmax
3LLP «HYPAU-MTAPTHEPbI», Tapas, KazaxcmaH
4lOncHO-KasaxcmaHckuil yHusepcumem um. M. Ays3oea, LbimkeHm, Kazaxcmax

KOMMEKCHbINA CTPYKTYPHbIA U XMMWUYECKUIA AHANIU3 NMPAXKKU ANA
KOMMPECCUOHHOIO TPUKOTAXKA NNEYEBHO-NMPOPUNAKTUYECKOIO HASHAYEHUA

AHHOTaumMA. B AaHHOW cTaTbe MpeAcTaBNeHa KOMMNEKCHAA OLEHKA CTPYKTYPHbIX,
XUMMYECKMX U OU3UKO-MEXAHUUYECKMX XAPAKTEPUCTUK NPAXKKU, NpefHasHAYeHHOU Aana
npou3BoAcTBa fie4ebHO-NPOOMNAKTUYECKOTO  KOMMPECCUMOHHOIO  TPUKOTaxKa. bbiin
uccnenoBaHbl 06pasubl HATypasibHOM, CMECOBOM WM 3/1aCTOMEPHOM MNPAXKM PA3INYHOrO
BOJIOKHUCTOTO  COCTaBa  (Kallemwp, WepcTb,  X/OMOK,  aKpwa,  MOJAWypeTaH).
MUWKPOCKONUYECKMIA aHaNM3 MO3BOIMA  YCTaHOBUTb MOpPdOorMyeckne 0ocobeHHOCTH
BOJIOKOH W noaTBepauTb uX npupoay. Metoa FTIR-ATR obecneumn MonekynsapHyto
naeHTUdUKaLMo 6enKoBbIX, LEANON03HbIX U CUHTETUYECKMX KOMMOHeHToB. OueHKa
bU3MKO-MeXaHNYECKMX CBOMCTB BblABMIA AnddepeHLMPOBaAHHOE NoBeAeHWEe NPAXKU Npu
pacTaxeHuu 1 onpeaenuna ee cnocobHocTb GopmmupoBaTb CTabUIBbHYIO YNPYry0 cucTemy
B CTPYKType KOMMNPECCMOHHOrO TPMKOTaXKa. YCTAaHOB/IEHO, YTO CMELLAHHbIe CUCTEMbI Ha
OCHOBE LWepPCTM W akpwuaa obecneyvmBaloT OMNTUMA/NbHOE COYeTaHWe MPOYHOCTU U
371aCTUYHOCTK, TOrAa Kak 3/1acTaHOBaA HUTb UrPaeT KYeByl posib B GOpMMPOBAHUMU
CTabunbHOro KoMnpeccuoHHoro addekTa. MonyyeHHble pe3ynbTaTbl COCTAaBAAT Hay4yHO
060CHOBaHHY0 OCHOBY A/1A Bblbopa HUTeMN Npu pa3paboTke MeaMLMHCKOro TPMKOTaXKa.

KnioueBble cnoBa: npaxa, KOMMPECCUMOHHbIX  TPUKOTaX,  CTPYKTYpHble
XapaKTePUCTUKN, GU3NKO-MeXaHMUUECKME CBOMCTBA, MMKPOCKONUYeCcKuiA aHanus, FTIR-ATR,
CMeLUaHHble BO/IOKHA, 3/1aCTaH.
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