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HAIRINESS AS A SURFACE PROPERTY OF TEXTILE

Purpose. Determine the essence of the concept of «surface properties of textiles» and justify the
degree of influence of the phenomenon of hairiness of textile materials on the surface properties of textile
products.

Methodology. The analytical method is used in this work. The study contains a systematic analysis of
scientific publications, the terminology of international standards and modern developments in the field of
determining the surface properties of tissues.

Findings. Based on the analysis of scientific research, it was found that various authors refer to the
surface properties of textile materials a different set of surface effects, and their analysis through the
indicators of tissue hairiness makes this issue relevant. The definition of the general term «surface» has
shown that in various branches of science it is interpreted differently depending on the subject and field of
study. Textile material science considers the term «supporting surface of the fabric», which needs to be
clarified. Analysis of the fibrous structure of the fabric showed a complex structural organization of its
surface, which is represented by the relief and various zones of the pile, formed from individual fibers having
different locations on the surface of the fabric. As a result, the following terms are formulated: “fabric
surface” and “‘surface properties of fabrics”. A list of surface properties of fabrics has been compiled,
where hairiness is presented as an equivalent independent characteristic that simultaneously affects the
manifestation of other surface effects.

Originality. For the first time, the terms «fabric surface» and «surface properties of fabrics» are
defined and justified. The nomenclature of the surface properties of fabrics is determined, based on the
analysis of which it is proved that hairiness is the main characteristic of the fabric surface.

Practical value. The proposed terms for determining the surface of fabrics harmonize the
terminology of textile materials science with other branches of science. The study of the effect of hairiness on
surface properties opens up new possibilities for expanding the assortment of fabrics and is a promising
area in the development of expert methods for assessing the quality of textiles.

Key words: surface, surface properties, characteristics, hairiness, indicator, materials science.

Introduction. Properties of surfaces of textile materials are taken into account when
carrying out researches in various spheres of human activity, in particular in the production of
clothing and footwear, design, medicine, optics, film industry and many others [1, 5, 15]. This is
necessary for a better understanding of the procedure for the interaction of textiles with the
environment. The features of this interaction require the attention of researchers, as special types of
surface treatment of textiles are widespread, the purpose of which is to obtain various surface
effects while preserving the integrity of the textile structure (thermal protection properties, sensory
comfort, protection against temperature and radiation, bio-protection and artistic) [2, 4, 7-11]. At
the same time in various technologies of surface treatment are processed by substances: from
drawing of superfine films to full impregnation of thicker of textile material [3]. From this point of
view, it is of scientific interest to define the concept of the surface of textiles and the surface
properties of textiles.

Analysis of previous studies. Many scientific works are devoted to the study of the
properties of textile materials, ranging from fundamental [4] to well-known modern developments
in the field of nanotechnology, neurobiology, etc. [5]. As a result, a list of properties was formed,
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which contains the main classes: geometric, mechanical, physical, chemical, biological and
organoleptic. These major classes are subdivided into groups, each covering a number of distinctive
features of textile materials that manifest themselves with varying effect under appropriate
operating conditions. However, the definition of the list of surface properties in this classification is
missing, as is the lack of definition of a layer of textile, which means its surface with the definition
of its boundaries. Given the fact that a number of textile properties may be due to the same structure
characteristics, it is reasonable to assume that surface properties are a collective term by which
different researchers understand a different set of properties. For example, the authors of
publications [6-7] refer to the surface properties of textiles as wetting, capillarity, breathability,
vapor permeability, ability to electrify, and other authors [8-10] name surface properties the
following: roughness, friction, softness, shear and profile surface. In the technology of designing
fabrics of special purpose surface properties consider touch (haptic) and handle [11], and designers
distinguish such features of the surface as shape and color [12]. Social surveys conducted by
marketers show that surface characteristics for consumers are color, touch, softness and warmth
[13], and the international ISO standard system presents as surface properties a surface profile
determined by the method [14]. That is, in this issue there is a lack of consensus of the researchers'
opinions. At the same time, there are known scientific works in which the authors analyze surface
properties through the indexes of the hairiness of textile materials [10, 15]. It is advisable to assume
that the tips of the fibers protruding on the surface of the textile product, forming a pile layer,
significantly affect the surface properties. Therefore, the research has actual component and allow
determining the place of hairiness in the general system of textile properties.

Setting problem. The main task of this work is to determine the essence of the concept of
«surface properties of textiles» and justify the degree of influence of the phenomenon of hairiness
of textile materials on the surface properties of textile products.

Results of the study. To begin with defining the surface as a general term of physical
science. Solid state physics defines a surface as the area between two phases [16]. In the process of
studying the surface, it is considered in combination with both phases. Depending on the subject
area of study, the term «surface» is interpreted differently in different fields of science. Present it on
a Table 1.

Table 1.

Definition of the term «surface» depending on the subject area of study

Physics of Materials | The boundary of the separation between the two contacting phases; an
Science outer zone of a solid or fluid array that is different from the structure and
has properties specific to that area only.
Standardization The boundary between the two contacting environments.
Commodity Science | The contact area of the object with the environment.
Design An element of a structure that transmits information about the texture of
an object.
Textile science The area of actual contact of the material with the plane of objects under
a certain pressure

Different interpretation of the term «surface» is due to the complexity of determining the
surface of the body in general. Moreover, it is difficult for textile material, which is an

63



Mamepianoznaecmeo indycmpii moou,

MexXHON02i1 6UPOOHUYMEA MEKCMUNI0, 0042y Ma 63YMMA
Material science in the textile, clothing and footwear
manufacturing industries

ISSN 1813-6796 print
ISSN 2617-9105 online
BICHHK KHYTJ[ N5 (138), 2019

inhomogeneous amorphous body [4], which has a non-uniform surface that can only be expressed
graphically [8]. To determine the surface of the textile material, which is given in Table. 1, the
notion of a reference surface was used [17]. The support surface consists of projecting ridges of
waves of filaments for smooth fabrics and fibers, which project separately above the surface, for
pile fabrics during contact with objects under certain pressure. Since the support surface depends on
the pressure, and the textiles can interact with the environment without pressure (for example, the
effect of radiation or light), so the term "surface" for the fabric needs clarification. Physically, any
surface, as a rule, consists of shape, waviness, and roughness in the wavelength or frequency of the
surface particles [18], so it is appropriate for fabrics as fibrous materials to state that fibers are
constituents of the entire surface. Let's examine and analyze the fabric on the bend.

Fig. Bending of fabric: 1 - body of fabric; 2 - a relief of a fabric; 3 — the outer boundary of the
pile zone; 4 - random pile

Consider the region of tight fit of the filaments between the body of fabric 1, then the outline
of the body of the fabric on the bend forms a relief 2, and the ridges of the bending waves of the
filaments form waves of relief [14]. The fabric body also includes a zone of dense pile [19].
Between the contacting space (in this case, air) and the relief of the fabric 2 there is a zone of free
pile, the outer boundaries of which can change under the influence of the contacting phase, while
the relief of the body of the fabric will remain unchanged. Next, in this area are the separate pile 4
(random pile), the impact of which on the surface property can be neglected. According to the
terminology of physical materials science [16] zone 2-3, which is located between the relief of the
fabric and the space in contact with the fabric, corresponds to the term «surface». Therefore, the
term «tissue surface» can be formulated as follows.

The surface of the fabric is a layer formed by the relief of the fabric and fibers protruding
from the body of the fabric in the form of villi. From this term, the surface of the fabric follows the
term «surface properties».

Surface properties of a fabric are properties whose effect is manifested only in the area of
the surface of the fabric (does not penetrate beyond the relief) and does not change its structure.
Moreover, the basic structure of the fabric is in equilibrium (state of rest) during the manifestation
of the effects of surface properties.

From all the nomenclature of the properties of fabrics used in textile science and the surface
properties in physical material science, we present those effects with manifestation only on the
surface of the fabric (Table 2).
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Table 2.
Surface properties of fabric
The name of Class of
Manifestation properties of Determination method
the effect .
fabrics
1 2 3 4
. . ISO 10290:2018(en)
The presence .Of tips of fibers, loops and loose Geometric Textiles — Cotton yarns — Basis for
fibers protruding from the body on the surface ) e
.. . . : (structural); specification;
Hairiness | of the fabric, which are chaotically arranged - . .
. . . A physical  |ASTM D5647 Standard guide for measuring
and which can be removed without disturbing . .. .
. . (optical) hairiness of yarns by the photo-electric
the basic fabric structure
apparatus
Phvsical ISO 2813:2014(en)
The ability of the surface to reflect rays of ysical Paints and varnishes — Determination of
Luster - (optical);
light : gloss value at 20 degrees, 60 degrees and 85|
aesthetic
degrees
The ability to | The ability to generate and accumulate static Phvsical ISO/TR 11610:2004(en)
electrify electricity under certain conditions y Protective clothing
Changing the color in light that passes in . ISO 15076-1:2010(en)
. - . - A Physical
Dichroism anisotropic bodies, depen(_jlng on_the direction (optical): Image_technology Qolor management —
of the light rays (associated with double aesthetic’ Avrchitecture, profile format and data
refraction of rays) structure — Part 1: Based on ICC.1:2010
Diffusion of dust particles upon contact with
Contamination the surface of the fabric and their deposition or] ~ Physical ISO 11057:2011(en) Air quality — Test
trapping of them from the flow of moving air (optical); method for filtration characterization of
of the surface . . : . .
due to electrical attraction, as well as by aesthetic cleanable filter media
transfer from one surface to another
ISO 4920:2012
The ability of the surface to interact with the Textile fabrics — Determination of
Adhesion liquid; the interaction takes place in three Mechanical | resistance to surface wetting (spray test);
phases: surface, liquid and gas method of lying drop;
the Washburn method
KES-FB Kawabata Evaluation System for
Deformation (change of the outline of the Fabrics;
Shear outer boundary) of the surface upon contact | Mechanical EN 1SO 14125:1998 Fibre-reinforced
with other surfaces plastic composites. Determination of
flexural properties.
. . ISO 13299:2003, Sensory analysis —
Cognitive The perception of t_he surface of the fab_r ¢ . Methodology — General guidance
its study with the involvement of cognitive Aesthetic o . )
Impact g - - for establishing a sensory profile, IDT;
mechanisms: attention, memory and thinking : .
psychological testing
Subjective characteristic of light wave I1ISO 10617:2010
Color perception; the ability of human vision to Optical; Textiles — Standard data format for
distinguish electromagnetic radiation from aesthetic colorimetric communication — Textiles and
wavelengths within the visible range related measurements
. . ISO/DIS 12945 (en)
. The ability of tlssugs to form small balls_ Mechanical; Textiles — Determination of fabric
Peeling  |(saws) from wrapped tips and separate sections - - - -
. ! - - operational propensity to surface pilling, fuzzing or
of fibers during operation or processing matting
Image quality property; reproducibility of .
Figure (image small parts, is defined by the minimum Optical; . - I.S.O 20471_.2013(en)
) . S . High visibility clothing — Test methods
clarity) distance between them when these details in aesthetic . . :
. . and requirements. organoleptic analysis
the image are perceived as separate
ISO 12947-2:2016
. . - Textiles — Determination of the abrasion
Abrasion A kind of wear that sepgrates_pqrtlcles from Mechamcal, resistance of fabrics by the Martindale
the surface during friction operational . 7o -
method — Part 2: Determination of specimen
breakdown
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Continue Table 2

International Standard: ASTM D7984. Test

Surface property to perceive heat and interact Physical method for measurement of thermal
(dissipate or accumulate) effusivity of fabrics using modified

transient plance source (mtps) instrument

Thermal
conductivity
(surface heat)

Resistance to moving a surface over another | Mechanical;

Friction o - ASTM D1894; ISO 8295; TAPPI T549
surface when sliding operational
I1ISO 13299:2003, Sensory analysis —
Heptic (touch) The nature of the fabric surface, which is Mechanical; Methodology — General guidance for
P determined to the touch operational |establishing a sensory profile, IDT; KES-F4
Kawabata evaluation system
ISO 1302:2002(en) Geometrical Product
Visual characteristic of the surface of the Optical; Specifications (GPS) — Indication of
Texture . . - .
textile product aesthetic surface texture in technical product

documentationc

ISO 4287:1997. Geometrical product
specification (GPS). The structure of the
Mechanical; surface. The profile method. Terms,

operating | definition and parameters of the structure;
KES-F. Kawabata evaluation

system - Fabrics

Characteristics of surface irregularities,
expressed in numerical values, which determine
Roughness | the degree of their deviation at the base length
from theoretically smooth surfaces of a given

geometric shape

Shown in Table. 2, the list of surface properties is consistent with the nomenclature of
international 1SO standards [14]. The attribution of one or another surface effect to a particular class
of fabric properties corresponds to the basic provisions of textile materials science [20] and
confirms the assumption that surface properties are a generic term, and the effect of these properties
is manifested as a qualitative characteristic within this class. The presented methods for determining
the surface properties of textiles prove the independence of their manifestation. It should be noted
that the principle of operation of some surface effect detection methods needs to be adapted to
analyze textile materials for better evaluation of the quality of textile products.

In this list of surface effects hairiness is presented as an equivalent independent
characteristic. But, as can be seen from the definition of the surface of the fabric, the hairiness is
main property, which affects the nature of the manifestation of other surface effects, namely:
increased porosity decreases shine, increases dichroism, reduces image clarity, evens out color tone
[13], reduces pollution, increases the ability to electrify, adhesion [6]; determines the degree of
shear, peeling, abrasion, friction, roughness, texture [4, 8, 10]; the intensity of hairiness influences
thermal conductivity, carcasses and cognitive perception [9, 11]. Thus, hairiness can be represented
as the main surface characteristic of tissues.

Conclusions. The analysis of scientific literature has shown that researchers working in the
field of textile materials science, attribute to various surface effects of the surface properties of
textiles. That is, in this issue there is a lack of consensus of the researchers' opinions.

Based on the study of the fibrous structure of the fabric, the terms «fabric surface» and
«surface properties of the fabric» are substantiated and proposed.

A list of surface properties of fabrics has been compiled, which is in line with the
nomenclature of international 1SO standards. It is proved that surface properties are a general term,
and their action is manifested as a qualitative characteristic within the main known classes of fabric
properties.
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It has been determined that hairiness is the main surface property that influences the
character of the manifestation of other surface effects of textiles.
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Memoouka. Y pobomi suxopucmanuii anarimuyHuii memoo. Jocniodxcents Micmums CUCmeMHUL
aHaniz HAyKogux nyomikayii, mepmiHONO02I MINCHAPOOHUX CMAHOAPMIe Ma CYYACHUX PO3POOOK y cghepi
BU3HAYEHHSA 81ACMUBOCTEL NOBEPXHI MKAHUH.

Pesynomamu. Ha ocrosi ananizy HayKoux OOCHIONCeHb 3’C08AHO, WO pi3Hi asmopu 00
NOBEPXHEBUX BIACMUBOCHIEN MEKCMUTbHUX MAMEPIanie 8i0HOCAMb Pi3HULL HAOIp NogepxHesux eghekmis, a ix
amaniz uepez MNOKA3HUKU BOPCUCMOCMI MKAHUH poOumv OaHe NUMAHHA aKMydlvHUM. Busnauenns
3a2a1bH020 MEPMIHY «NOBEPXHAY NOKA3AN0, WO 8 PI3HUX 2ANY3AX HAYK 60HO NO-DI3HOMY IHIMEPNPEMYEMbCsl 8
3anedcHocmi 60 Mo20, WO BUCMYRAE 6 AKOocmi npedmemmuoi obnacmi Odocaiodxcenns. TexcmunvHe
MamepianosHascmeo po3aisioae mepmiH «ONOPHA NOBEPXHA MKAHUHUY, AKULL NOMpeOye YmouHeHHs. Ananiz
B0JIOKHUCMOI 6Y008U MKAHUHU NOKA3A8 CKIAOHY CMPYKMYPHY OP2aHi3ayiro ii nosepxHi, Axa npeocmasiena
penvepom i pisHUMU 30HAMU 80PCY, VMBOPEHUMU 3 OKDEMUX BOJOKOH (OPCUHOK), WO MArOmMv pPI3HULL
Xapaxkmep po3mMauly8aHHs HA NOBEPXHI MKAHUHU. Y pesymvbmami copmyibo8aHi HACMYNHI MepMIHU:
«NOBEPXHA MKAHUHU» [ «nogepxHesi eiacmugocmi mraHunuy. Criadenuli nepenik No8ePXHe8UX
61ACMUBOCHEN MKAHUH, 0 B0PCUCMICMb NPEeOCNABNeHa K PIBHOYIHHA He3ANeHCHA XAPaKmepUcmuKd, uo
0OHOYACHO BNIUBAE HA XAPAKMep NPOSA8Y THUUX NOBEPXHEBUX eheKmis.

Haykoea mnoeusna. Bnepuie eusnaveni ma o0OIPYHMOBAHI MEPMIHU «NOBEPXHI MKAHUHUY MA
«NOBEpXHesI 81ACMUBOCMI MKAHUHWY. Busnauena Homenknamypa nogepxuesux enacmueocmeti MKAHUH, HA
OCHOBI aHANI3Y AKOT 008€0€HO, WO 80PCUCTICMb € OCHOBHOIO XAPAKMEPUCUKON NOBEPXHI MKAHUH.

Ilpakmuuna 3Hauumicms. 3anponoHosami mepmiHu Ol  BUSHAYEHHS NOBEPXHI  MKAHUH
CAPMOHI3YIOMb MEPMIHON02II0 MEKCIMUTbHO20 MAMEPIANO3HABCMBA 3 THUWMUMU 2aTY3AMU HAVK. JOCTiOdHCceH s
BNIUBY BOPCUCMOCMI HA NOBEPXHEBl GIACMUBOCHI BIOKPUBAE HOBI MONCIUBOCMI 0N DPO3ULUPEHHS
acopmumenmy WMKAHUH MA € NePCNeKMUBHUM HANPAMKOM V cepi po3pobKu eKchnepmHux memooie
OYIHIOBAHHA AKOCMI MEKCMUTIO.

Knrouoei cnosa: nosepxms, nogepxmesi 61acmu8ocmi, XapaKkmepucmukd, 0pCUCMicmb, NOKAZHUK,
Mamepiano3nagcmeo.
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BOPCHUCTOCTH KAK IOBEPXHOCTHOE CBOMCTBO TEKCTHJIA
CMBIKAJIO E. A., 3AKOPA O. B., 3BAIIEIIKUHA H. H., APBIT'A E. C.

XepcoHckuil HaYUOHAIbHBIL MEXHUYECKUL YHUBepcUunmem

Llens. Onpedenumv cyuyHocmy NOHAMUSL «NOGEPXHOCHHbIE CBOUCTNBA MEKCMUIAY U 000CHOBAMb
cmenenb GIUAHUSL SIGAEHUS BOPCUCTNOCTU MEKCTHUTbHLIX MAMEPUaios HA NOBEPXHOCHHbIE CEOUCMBa
MEeKCMUTbHBIX U30eNU.

Memoouxka. B pabome ucnonv3osan anarumudeckuii memoo. Hccaedosanue cooepicum
CUCMEMHBI AHAIU3 HAYYHBIX NYONUKAYUL, MEPMUHON02UU MEHCOYHAPOOHBIX CIAHOAPMOS8 U COBPEMEHHBIX
paspabomox 8 cghepe onpeoenenuss C80OUCME NOBEPXHOCMIU MKAHELL.

Pezyavmamot. Ha ocnoge ananusza HayuHbIX UCCI€008AHUI YCMAHOBIEHO, YO PA3IUYHbIE ABMOPbLL K
NOBEPXHOCTIHbIM  CEOUCMEAM MEKCMUNbHLIX MAMEPUALO8 OMHOCIM PA3HbIL HAOOP NOBEPXHOCHIHBIX
ahpexmos, a ux ananuz uwepez NOKA3AMeNU BOPCUCIOCTNU MKAHell Oefaem OauHblll GONPOC AKIMYATbHBIM.
Onpedenenue 06we20 mepmMuna «NOGEPXHOCMbY NOKA3AN0, YMO 8 PA3IUUHBIX OMPACISX HAYKU OH HO-
PA3HOMY UHMEPNPEeMupyemcsi 6 3A6UCUMOCU OM MO020, YMO GblCIYndem 6 Kauecmee npeoMemHou
obnacmu  ucciedoganus. TexcmunvHoe —MAMePUATO8eOeHUe PACCMAMPUBAenm MepMuH  «ONOpPHAS
NOBEPXHOCTNL MKAHUY, KOMOPbBIL HYHCOAemcsi 8 YMOUHeHUU. AHAIU3 BONOKHUCHO20 CMPOEHUsT MKAHU
NOKA3AN CILONCHYIO CMPYKMYPHYIO OP2AHU3AYUIO ee NOBEePXHOCMU, KOMOPAs NpedCmasieHa peibehom u
PABUYHBIMU 30HAMU 80PCA, 0OPA308AHHBIMU U3 OMOEIbHBIX 6OJOKOH (BOPCUHOK), UMEIOWUX PA3TUYHbBL
Xapakmep PpAcnoiodceHus Ha NnogepxHocmu mxanu. B pesynomame copmynuposansl credyiouue
MEPMUHBL:  (NOBEPXHOCMb MKAHUY U «NOBEPXHOCMHble ceoucmea mKanuy. Cocmasien nepeyens
NOBEPXHOCHBIX CBOUCME MKAHEl, 20e GOPCUCMOCMb HPEOCMmAsNeHd KAK PABHOYEHHAs He3a68UCUMASL
Xapaxmepucmuxa, Komopas 0OHOBPEMEHHO 6Gausem HA Xapaxmep HpOsAGNeHUus Opyeux NO8ePXHOCHIHbIX
aghghexmos.

Hayunas nosusna. Bnepsvie onpedenenvl u 000CHO8AHbI MEPMUHbL «NOBEPXHOCTL MKAHUY U
«NOBEPXHOCMHbBIE COUCMEA MKAHWY. OnpedeieHa HOMEHKAAMypa NOGEPXHOCMHBIX CEOUCME MKAHEl, HA
OCHOBe aHAIU3A KOMOPOU OO0KA3AHO, YMO GOPCUCMOCHb ABISAEMCS  OCHOBHOU XapaKmMepucmukou
NOBEPXHOCMU MKAHE.

Ilpakmuueckasn 3nauumocms. [Ipednooicennvie mepmunbl 071 ONpedeneHUss NOBEPXHOCIU MKaHell
2aAPMOHUBUPYIOM  MEPMUHONIO2UIO  MEKCTHUTbHO20 MAMEPUAiogedenus ¢ OpyeumMu Ompacisimu Hayx.
Hcceneoosanue snusnus 60pcucmocmu Ha NOBEPXHOCHHbBLE CEOUCTNEA OMKPbIBAEM HOBble BO3MONCHOCIU 0I5
pacuupenusi acCopmuMeHma mranetl u s8Iaencs nepCnekmueHbIM Hanpasienuem 8 oonacmu papabomsu
IKCHEPMHBIX MEMOO08 OYEHKU KAuecmea meKCmuisl.

Knrwouesvie cnosa: nosepxnocms, HOBEPXHOCHHbIE CEOUCMBA, XAPAKMEPUCMUKA, 60PCUCHOCTD,
noKazamenv, Mamepuanogedetue.

70



