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REPLACEMENT OF THE VISUAL METHOD FOR ASSESSING
THE STABILITY OF THE COLORING OF FABRICS WITH THE
INSTRUMENTAL

Abstract. The article considers the improvement of methods for testing the color
fastness of textile materials with the replacement of the visual method with an objective
colorimetric evaluation method. A new method for testing the color fastness of textile
materials is proposed.The analysis of domestic and foreign standards that establish the
calculation and establishment of color fastness standards for cotton fabrics and their
comparison with the norms of international and domestic standards was carried out. It is
shown that the development of methods for instrumental determination of color fastness to
friction, which is an alternative to the method of visual assessment of the color fastness of
any textile material on a gray scale, is currently an urgent and promising scientific and
technical task.A new method for testing the color fastness of textile materials is proposed.
The overall color difference (AE) between the test sample of the color fastness test material
and the original sample was measured. For both samples, the overall color difference was
determined in the CIEL*a*b* system, the values of which are converted into equivalent
points on a gray scale. The score in terms of the value of AE was calculated on a computer
using the Ecsel environment and displaying the calculation results on the display screen.
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Introduction. The analysis of domestic and foreign standards shows that
they establish the calculation and normsof color fastness of cotton fabrics, their
comparison with the norms of international and domestic standards. In the ECO-
TEX 100 standard and in Russian standards, color fastness to water, sweat, friction
is established. In domestic standards, the norms depend on the purpose of the textile
material. Color fastness is evaluated after exposure to dry and wet friction in
accordance with the test methods regulated by state standard 9733-83.
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According to the existing method for determining the resistance of color to
friction, the final result in points is evaluated visually on a scale of gray standards.

This may introduce into the final result of the assessment some errors related
to the health and general emotional state of the observer. These shortcomings can be
eliminated through the instrumental method of evaluating the final result. The
development of a method for instrumental determination of the friction resistance of
oraska makes it possible to replace the organoleptic evaluation of the color strength
to mechanical stress during friction on a scale of gray standards, which is an urgent
and promising scientific and technical task.

The purpose of the study is to develop an instrumental method for determining
the color strength of a textile material to friction instead of a visual method on a scale
of gray standards.

Research methods and conditions. Measurement of chromaticity
coordinates of non-luminescent transparent and reflective samples in the XYZ
system. It is established by the International Commission on Illumination (ICI) for a
standard observer, with a light source with state standard 7721-76 in the spectral
range of 380-720 nm with a number of spectral information sampling points of at
least 24. The measurements were carried out using the «Spectroton» instrument. This
instrument can also be used to measure spectral transmittances and spectral aperture
reflectances. With its help, you can determine the coordinates of color and
chromaticity with light sources A, C, D65 state standard 7721-76 in the XYZ system.
In addition, it allows you to measure such color indicators as color difference,
saturation, lightness, color tone. Color differences in lightness and tone can be
additionally measured. In addition to color indicators, you can measure the
metamerism index, the degree of whiteness of the sample in the CIEL*a*b* system.

Literature review. Evaluation of the quality of coloring of textile materials in
terms of color fastness to washing, dry and wet friction is carried out in almost all
works related to coloring and special types of finishes.

Much attention is paid to the coloristic quality of the printed pattern in terms
of color and color fastness [1]. The paper describes the quality of eco-printing of silk
fabrics with various natural dyes in terms of the aesthetics of the pattern, color, and
resistance to washing and abrasion. Evaluation of color fastness on silk fabrics to
washing with soap showed good results. Color fastness was 4 points in the "good"
category. The value of resistance to wet friction on silk fabrics ecoprint as a whole
gives a score of 4-5 points

The evaluation of the quality of the coloring and its influence on the physical
and dimensional properties of the canvases is also carried out in the process of their
production [2]. Among the physical properties, the color fastness to washing and
friction was evaluated. Internationally approved ISO methods for washing fastness
testing are used. Small differences were found in the color fastness to friction.

Evaluation of color fastness is also carried out in works aimed at reducing
pollution caused by textile printing, solving the problems of using synthetic dyes,
thickeners for environmental balance and human health [3]. When printing on
natural fabrics with natural dyes, chitosan and chitosan nanoparticles were used. It
has been established that fabrics treated with chitosan nanoparticles have high values
of resistance to washing, sweat and friction.

Evaluation of color fastness to washing and wet friction makes it possible to
compare the results of dyeing wool and woolen fabrics in magnetically treated and
untreated water [4]. Tests of fabrics dyed in this way have shown that they have
increased dye absorption and significantly improve wash and wet abrasion fastness.

126



Mechanics and Technology /

ISSN 2308-9865 Scientific journal

2023, N0.1(79)

The properties of color fastness of silk fabrics of silkworm and tussus in
mixtures with cellulose fibers were compared [5]. In this study, the color fastness
properties of wild tussah silk fibers were studied in comparison with mulberry silk
fibers. Color fastness tests were carried out to evaluate the performance. The results
show that both types of silk fibers are suitable for spinning and weaving processes,
and the fastness results show that mulberry fibers have better color fastness
properties compared to tussah silk fibers.

The paper [6] explores the use of reactive and acid dyes in the dyeing of
polyester after chemical modification. Modification of the polymer at 130° C. for 60
minutes prior to dispersion dyeing provided greater color depth than conventional
high temperature dispersion dyeing of polyester. The color fastness of modified and
reactive dyed fabrics to washing and perspiration has reached a level of good to
excellent (4/5).

The study [7] is devoted to the extraction of the dye from teak leaves and the
dyeing of natural fabrics using various agueous media. At the same time, the color
and strength properties of the colored samples were assessed in terms of resistance
to washing, friction, light and sweat. The extracted dye exhibited moderate to good
fastness properties in terms of lightfastness, washability, abrasion and perspiration
on wool and silk, and excellent properties on nylon. The use of color fastness
evaluation methods allows teak leaf dyeing to be shown as a step towards sustainable
development and efficient waste management with promising potential for
application on natural and synthetic fabrics.

Determination of various tissue parameters is one of the important methods
for assessing tissue quality [8]. Intelligent control is a popular development trend
today. In recent years, computer control technology has been widely used in the field
of fabric density measurement, color analysis and weave pattern recognition. The
shortcomings of current research and possible directions of research in the future are
analyzed. Computer control technology not only has an objective evaluation, but also
has the advantages of accuracy and efficiency, and has good development prospects
in the field of textiles.

The article [9] presents a comprehensive review of automatic recognition of
tissue structural parameters in recent years. The structural parameters of the fabric
mainly include the density of the fabric, weave pattern, color pattern, etc., which
must be pre-set before production and carefully checked duringro. The analysis of
these parameters is considered the most critical step in the textile industry.
Commonly used manual operations based on human sight and experience require a
lot of time and labor. Methods based on computer control or other automatic methods
have the advantages of fast response, objective evaluation and high stability. The
presented material can help researchers in understanding and using automated
methods for recognition of structural parameters of fabric, provides some new ideas
for other recognition tasks in the textile industry.

In [10], the color fastness and strength properties of fabrics dyed with
extracted dyes were evaluated and compared using infrared Fourier spectroscopy.

In [11], a certain method for assessing color fastness is used. The evaluation
of the quality of coloring was carried out according to the level of fixation of dyes
in the work. To achieve almost 100% dye fixation, macromolecular cross-linking
reactive dyes have been developed, and the mechanism of their staining and fixation
has been discussed. The work also actively uses a certain method for assessing color
fastness.

The authors of [12] showed that reactive dyes have good color fastness to
washing and abrasion. The use of methods for evaluating color fastness showed that
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the application of a formaldehyde-free fixer to dyed products increased the color
fastness to washing and abrasion, especially for blended yarns.

[13] presented a detailed description of the test apparatus with an overview of
the lightfastness results and the resulting dataset when more than 100 synthetic dyes
were tested for lightfastness. Comparisons are given with lightfastness data and 1ISO
values available in the color index. The authors suggest that the data set will serve
as a basis for expanding interest in additional materials and test methods.

The use of nutshell dyes [14] can provide a pure and stable source of dyes that
can be used to replace synthetic counterparts. When using methods for assessing
color fastness, it was shown that good resistance to washing (4-5), light (3-8) was
achieved even without the use of mordant.

From the experience of the conducted studies, it can be seen that in the process
of testing the color for friction strength, the initial color of the test sample changes.
These changes can be assessed by changing the saturation of the color, its lightness
and tone. These indicators after friction can change at the same time, but with
different combinations. No matter how the nature of these changes changes, the
difference in color of the original sample and the sample after friction that is visible
to the eye is taken into account. This difference is compared with the gray scale data.
In this regard, the development of a method for instrumental determination of color
fastness to physical and chemical influences, which makes it possible to replace the
method for assessing the color strength to friction on a scale of gray standards, is an
urgent and promising scientific and technical task.

Research results and discussions. Some indicators of color strength in points
and the conditions under which they are determined are presented in Table 1.

Table 1
Color strength to friction in points*
Color fastness indicators Norm according to state | Norm according to
standard 7779-75 the ECO-TEX 100
OK PK OPK standard
- dry 3 3-4 3-4 4

Friction et - . - 53
*Note. OK — ordinary color fastness, PK — strong color fastness; OPK — extra strong

According to the method of the ECO-TEX 200 standard, the color fastness of
textile materials is assessed only by shading the white material. According to state
standard 9733.0-83, color stability is also assessed by changing the color of the
original sample using the PT-4 device (Fig.1)

1 - handle; 2 - table; 3 - rubber stopper; 4 - spring ring; 5 - ring

Figure 1. Device PT-4 for testing the color strength to mechanical stress
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The color indicators of the coloring of the dyed and printed fabric were carried
out on the «Spectroton» color measuring equipment. At the same time, color AE
values were measured to compare the differences between the initial colored sample
and the sample that passed the friction test. The general color difference
characterizes the change in color indicators in terms of its lightness, saturation and
color tone. For the original sample and the sample after friction, AE was measured
in the CIEL*a*b* system.

Then, in order to show the final values of the color fastness in points
corresponding to the scale of gray standards, the values of AE were recalculated.

The design of the device "Spectroton” provides:

1) the possibility of taking into account or excluding the specular component
of the reflection;

2) measurement geometry of reflective samples (diffuse illumination,
observation at an angle, etc.).

Two principles are used in the operation of the “Spectroton” color measuring
device (Fig. 2). The first is the measurement of reflection coefficients. The second
is the measurement of the transmittances of the sample. The measurements are based
on 24 fixed wavelengths in the visible region of the spectrum. Moreover, these
measurements are carried out at the moment of flashing the flash lamp. This is
followed by mathematical processing of the measurement results. For this
processing, an integrated programmable universal controller is used.

Figure 2. Colorimeter "Spectroton"

Test samples were prepared according to the following scheme. After testing
the sample for friction, a part of a certain size was cut out of it. The dimensions of
the cut out part are determined by the dimensions of that part of the “Spectroton”
device where the sample is fixed to measure color differences. The test sample must
be free from foreign defects. The sample is placed on a white substrate that is not
transparent to light. Since AE is measured, the original sample before friction and
the test sample after friction should be prepared for measurement in the same way.
Thus, first measured color indicators on the original sample. Then the same
parameters were measured on the sample after friction. By comparing them with
each other, the device shows the value of AE, i.e. the difference between samples in
lightness, saturation, and hue. After measuring AE in the CIEL*a*b* system, a
recalculation was carried out according to formula (1) to convert the AE value into
points displayed on the scale of gray standards.

n+1
4E = 0,125 (2 22— 1) (1)
n=10-2N.

where N is the value of color fastness to light in points.
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The color fastness in points was expressed numerically with rounding up to
0.5 points.

N =5,5—-1log (AE + 1) / log2 (2
Table 2
Limits of change in the value of AE and gradation of color change in points
AE value Equivalent gray scale color fastness score
Less than 0,40 5
0,40 <AE < 1,25 4.5
1,25 <AE<2,10 4
2,10 < AE <295 3.5
2,95 <AE <4,10 3
4,10< AE < 5,80 2.5
5,80 < AE< 8,20 2
8,20 <AE < 11,60 1.5
Over 11.60 1

The AE score was calculated on a computer using the Excel environment.
After entering the AE value, the color fastness score is displayed on the computer
display screen. Figure 1 on the left shows a picture of entering the value of AE, i.e.
the computer asks for the value of AE, which must be entered in the upper field.
Then the "calculate™ key is pressed and the result of the calculation appears. For
example, after entering the value AE=15, the color fastness in points is equal to 1
(Fig. 3, the right one).

P Tl | @ P Sats e - BT
3HaueHWe aensTa E 3HaueHue gensta E ¢
Paccuutath PaccyutaTe
PesynbTtat N PezynstaT N 1

Figure 3. Displaying on the computer screen the result of stability in points by the
value of AE

Conclusion. A new method is proposed for determining the strength of the
color fastness of textile materials to friction and compliance with the requirements
of the standards is confirmed. Improving the methods for assessing the friction
strength of textile materials for dyeing allows not only to effectively and in the
shortest possible time to identify the quality of the textile material, but also to
simplify the testing procedure itself and at the same time reduce the time and overall
costs of testing.
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AHpatna. Makanaga BM3yannbl 94icTi OOBEKTUBTI KONOPUMETPUANLIK bGafanay
94iciMeH aybICTbIPy apKbl/ibl TEKCTWU/Ib MaTeEPMANAAPbIHbIH TYC BEPIKTIriH TEKCepy aaicTepiH
KETINAipy KapacTbipbliagbl. TEKCTUAb MaTePUANAApPbIHbIH, TYC TYPAKTbIbIFbIH TEKCEPYiH,
}KaHa aaici ycbiHbINAbl. MaKTa maTanapbiHbIH TYC TYPaKTbI/bIFbl HOPManapbiH ecentey MeH
benrineyani 6enrineiTiH oTaHAbIK KoHe LWeTeNdiK CTaHZapTTapfa Tangay *KoHe oJsiapAbl
XasiblKapasiblK }KaHe OTaHAbIK CTaHAAPTTaPAbIH HOpManapblMeH CanbICTbIPy XKyprisingi. Kes
KeNreH TeKCTU/b MaTepuasnblHblH, TYC TYPaKTblIblFblH Cyp LWKana 60MbIHIWA BM3yanapl
bafanay agaiciHe 6anama 60sbin TabbliaTblH YWKeNiCKe TyC TypPaKTblNblFbIH AacnanTbIK
AQHbIKTAy 3AicTepiH 93ipaey Kasipri yaKblTTa ©3eKTi KoHe nepcrnekTuBasbl fblAbIMKU-
TEXHUKANbIK MiHAET 60bin TabblnaTblHbl KepceTinreH. TEKCTUAb MaTepuangapbliHbiH, TYC
TYPAKTbINbIFbIH ~ TEKCEPYAiH, *KaHA d4ici  yCbiHbLAAbl.  TyC TypaKTblNblfbl  CbIHAK,
MaTepuasblHbIH, CbIHAK, YArici MeH 6acTanKpl YAri apacbiHAAFbl *Kaamnbl TYC albIPMALLbLIbIFbI
(AE) enweHai. Eki yAari ywiH ge »Kannbl Tyc arblipmalubiibiebl CIEL*¥a*b* yieciHaoe
aHbIKTANAbl, OHbIH M3HZAEPi Cyp WKanagafbl 6anamanbl HyKTenepre TypaeHesi. AE maHi
b6oMbiHWa 6ann KomnbtoTepae Excel opTacblH nalAanaHbin KaHe AMCRNEN SKpPaHbIHAA
ecenTey HaTUXKeNepiH KepCeTy apKbl/ibl ecenTensi.

TipeK ce3gep: CTaHAAPT, TYC, TYPAKTbUIbIK, YIMKENIC, }Kannbl TYC aliblpMaLLbI/bIfFbI.
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Tapasckull pecuoHansHebill yHUsepcumem um. M.X. Aynamu, 2. Tapas, Kasaxcmax
2KazaxcmaHckull HayuoHanbHbIl mexHudeckul yHusepcumem um. K.M. Camb6aesa,
2. Aaimamel, KazaxcmaH

3AMEHA BU3YA/IbHOTO METOAA OLLEHKWU YCTOMYNBOCTH
OKPACKWU TKAHEMA HA MHCTPYMEHTA/IbHbI

AHHOTauuMA. B cTaTbe PACcCMOTPEHO COBEPLIEHCTBOBAaHWE METOLO0B MCMbITaHUA
YCTOMYMBOCTM OKPACOK TEKCTU/IbHbIX MaTEPMAsioB C 3aMEHOM BU3yasJIbHOTO MeToZa Ha
06bEKTUBHbIV KONIOPUMETPUYECKUI METOA, OLeHKW. [peanoXKeH HOBbIM MeToA, UCNbITaHUA
YCTOMYMBOCTM OKPACKM TEKCTU/IbHbIX MaTepuanos.lpoBeseH aHa/n3 OTeYECTBEHHbIX U
3apy6erKHbIX CTaHAAPTOB, YCTaHABAMBAKOLWMX PAacYeT U YCTaHOBAEHME HOPM YCTOMYMBOCTH
OKpacku x/6 TKaHeil M CpaBHEHWe UX C HOPMaMW MEXAYHaPOAHbIX M OTeYeCTBEHHbIX
cTaHgapToB. MokasaHo, 4YTo pa3paboTKa MeToA0B MHCTPYMEHTANbHOrO onpeaeneHus
YCTOMUYMBOCTM OKPACKM K TPEHWMIO U ABAAIOWMICA anbTEPHATMBHLIM MO OTHOLUEHMIO K
MeToAy BU3Ya/ibHOW OLEHKM YCTOMYMBOCTM OKPACKM Nt0BOro TEKCTUIBHOTO MaTepuana no
CepoVi lWKane, ABAAETCA B HaCToslee BpPemMsA aKTyaJbHOM W MEepCrneKTUBHOW HayyHo-
TEXHWYecKoW 3apaveit. [pessiokeH HOBbIA CNOCOD OLEHKM MPOYHOCTU OKPACKM
MaTepuasoB TEKCTW/bHbIX. [locne NpoBEAEHUA MEeXaHUYecKUX BO3L4eWCTBWUIA  Ha
MCNbITYEMYH OKPaCcKy NPOBOAWUIM OLLEHNBAHUE KONIOPUCTUYECKUX NOKa3aTes1ei OKPacKu no
obuemy usetoBomy pasnmumio (AE), KoTopoe namepann Ha ucnbiTyemolt npobe n npobe
nocne MmexaHW4eckux Bosgencteuin. [Ona obeux npob onpegensnn obuiee LBeTOBOE
pasnuumne B cucteme CIEL*a*b*, 3HaueHWA KOTOPbIX MEPECcYUTbIBAOT B 3KBUBAJIEHTHbIE
6annbl No cepoli WwWkane. OueHKy B 6annax no 3HayeHuto AE paccumTbiBaan Ha KOMNbOTEpe
C ucnonb3oBaHWem cpeapl Excel v BbIBOAOM pe3y/ibTaToB pacyeToB Ha 3KPaH Aucnnes.

KnioueBble cnoBa: CTaHAAPT, OKpPacKa, YCTOMYMBOCTb, TpeHue, obliee LBETOBOE
pasnunuue.
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