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Abstract

The development of wastewater reuse technology in fabric dyeing is a topical issue. This will minimise the use of
water and expensive dyes, reduce the cost of finished products and the environmental impact. Concentrated
wastewater from batch dyeing equipment contains up to 50% of textile dyes, so it can be reused as a secondary
material resource in fabric dyeing technology. Presents the results of studies of the efficiency of dyeing cotton fabrics
with Direct Yellow Lightfast K dye with the reuse of concentrated wastewater: dye intensity 95-96 % compared to
the standard (100 %), colour difference between the reference and test samples DE < 2, the lightness and shade
indicators samples have a difference of + 2, qualitative indicators of colour fastness are 3-4 points according to the
«Grey Standard Scale. This results prove the effectiveness of dyeing cotton fabrics with Direct Yellow Lightfast K dye
with the reuse of concentrated wastewater. A schematic diagram of cotton fabric dyeing technology was created. A
technology for dyeing fabrics with the reuse of concentrated wastewater in the process of dyeing fabrics with direct
dyes has been developed, with an average of 11 % savings in direct dye consumption per 1200 m of fabric. The dyeing
according to this scheme has been tested at Private Joint Stock Company Cherkasy Silk Plant (Cherkasy, Ukraine).
The spectrophotometric method was used in the course of the work; the durability of the staining was determined in
accordance with the current state standards of Ukraine and international ISO standards; the Python programming
language, Mathplotlib and Seaborn visualisation libraries were used to visualise the experimental data.

Keywords: dyeing and finishing production, concentrated wastewater, reuse, resource-saving technology, direct dyes, coarse
calico, viscose, schematic diagram.

PO3POBKA TEXHOJIOTTI ®APBYBAHHSA TA CTBOPEHHA INPUHIIMIIOBOI
TEXHOJIOTTYHOI CXEMHU MPOLIECY NOBTOPHOI'O BUKOPUCTAHHHA
KOHIEHTPOBAHUX CTIYHUX BO/Jl (HA NIPUKJIAAI SMEHIIEHHA BUTPAT
BAPBHHMKA ITPAIMOTI'0 )KOBTOI'0 CBITJIOCTIAKOIO K)

Mupocnasa I'. KoBanb

Yepkacwvkuli depacasHuli yHisepcumem, Byaveap Lllesuenko, 460, Yepkacu 18006, Ykpaina
AHoTalif
CTBOpEHHSI TEXHOJIOTii IOBTOPHOT0 BUKOPUCTAHHA CTIYHUX BO/J, B TeXHOJIOTii papOyBaHHS TKaHUH € aKTyaJibHHM. Lle
npuBeje A0 MiHiMi3anii BUKOpPUCTaHHS BOJAM Ta JAOPOTroBapTiCHMX GapBHMKIB, 3MEeHIIUTb COGiBapTicTh roroBoi
npoAaykKiuii Ta eKoJioriyHe HaBaHTAa)KeHHA Ha J0BKi/Uisd. KoHleHTpoBaHa cTiyHa BoJa, oJep:kKaHa 3 06JIaJHAHHA
nepioauyHoi Aii ¢apGyBasibHOro BUPOGHULITBA, MiCTUTB Y CBOEMY CKJIaJi A0 50 % TeKCTUJIBHUX GapBHHKIB, TOMY
MoO>Ke OyTHM NMOBTOPHO BUKOPHUCTAaHa fIK BTOPUMHHUM MaTepiaJbHMH pecypc B TexHoJsiorii ¢apGyBaHHA TKaHWHMU.
IlpeacraBieHi pe3yJbTaTH JocC/]ijKeHb epeKTUBHOCTI ¢apGyBaHHA GaBOBHAHUX TKaHMH GapBHMKOM IIpAaMum
’KOBTHUM cBiT/IoCcTiHKMM K i3 NOBTOpHMM BHUKOPHCTAaHHSM KOHIEHTPOBAHOI CTiYyHOI BOAU: iHTEHCHUBHICTH
3a6apBieHHd 95-96 % mno BigHOmEeHHI0 A0 eTaJoHy (100 %), KoJbOpOBa BigMIHHICTbL MiXK €Ta/IOHHMMH Ta
AOCHiJ)KyBaHUMHU 3paskaMM DE < 2, mokasHUKM CBITJIOCTi Ta BiATiHKIB MalTh pi3HUL B Mexax * 2, AKicHI
NMOKa3HMKHU CTilKocTi 3a6apBiieHHs 3-4 6asu 3a «llkanow cipux eTtasioHiB». CTBOpEeHO NPHHLMIIOBY CXeMy
TexHoJIOTii ¢apOGyBaHHsA GaBOBHSHUX TKaHMH. Po3po6GsieHO TexHoJsiorilo ¢apGyBaHHA TKaHMH i3 MOBTOPHUM
(uMKJIiYHMM) BUKOPHUCTAaHHSIM KOHIEHTPOBAaHMX CTIYHMX BOJ B Impounecax ¢ap6yBaHHA TKaHUH MNPAMUMU
6apBHMKAMHU 3 eKOHOMi€I0 BUTPAT NpAMOro 6apBHMKA B cepeAHbOMY 11 % Ha K0kHi 1200 n.M. TKaHMHU. PapGyBaHHA
3a Takow cxemMol0 anpo6oBaHo Ha IIpAT «Yepkacbkuii IOBKOBHII KoMGiHaT» (M. Yepkacu, Ykpaina). Ilix 4ac
BUKOHAHHA POGOTH BUKOPHMCTOBYBaBCA CNEKTPO(OTOMETPUYHMH MeTOA; CTilKicTh ¢papGyBaHHA BH3Ha4anocd J0
AII0OYMX Jep:KaBHUX CTaHJAapTiB YKpaiHM Ta MDKHapoAHUX cTaHAAPTIB ISO; a4 Bisyasisanii ekcnepuMeHTa/IbHUX
JAAaHUX BUKOPUCTOBYBA/IMCA MOBA IporpamyBaHHs Python, 6i61ioTeku Bidyasisanii Mathplotlib i Seaborn.
Kaniouosi caoea: dapbyBanbHO-0NOpsAAXKYBalbHe BUPOGHULITBO; KOHLEHTPOBaHa CTiYHa BOJA; OBTOPHE BUKOPUCTAHHS;
pecypco3bepirajibHa TEXHOJIOTIS; MpsiMi 6apBHUKHY; 0513b; BiCK0O3a; MPUHI[MIIOBA TEXHOJIOTIUHA CXeMa.
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Introduction

The textile industry is known for its large
consumption of water resources, dyes, and
auxiliary substances. Water is utilized in nearly all
processes of textile dyeing and finishing
production. About 200 liters of water are needed
to produce 1kg of textile, mainly for applying color
or pattern to the fabric and washing the finished
textile material [1]. The water usage depends on
the textile material, the process of coloring fabric
(dyeing or stuffing), and the technological
production stage. It was established that 38 % of
water is used during fabric bleaching, 16 % during
dyeing, 8 % during fabric stuffing (dyeing), 14 %
in boiler rooms, and 24 % for other production
needs [2]. Nearly 60 billion kg of fabrics are
produced annually, using up to 9 trillion gallons of
water [3]. A total of 1.6:106 liters of water is
required to process fabrics weighing 8,000 kg, the
second largest volume of water consumed by all
industries [4].

The textile industry generates various types of
waste, including wastewater, gaseous emissions
into the atmosphere, solid waste, and noise
pollution. The textile industry wastewater, in
particular from the dyeing industry, is considered
one of the most polluted. It significantly impacts
water and soil ecology [5; 6]. Therefore, the issue
of creating resource-saving technologies for
stuffing and dyeing fabrics is essential and urgent.
This will lead to water and expensive dye savings,
significantly reducing the cost of finished products
and alleviating environmental burdens.

It is known that most of the existing dyeing and
finishing industries work with outdated and
imperfect technologies. Thus, their wastewaters
are complex polydisperse systems of ions, dye
molecules, and auxiliary organic substances. After
completion of the production cycle of dyeing
textile material using a certain type of textile dye,
as well as inefficient fabric dyeing, 20 to 50 % of
dyes enter the wastewater, which leads to
significant damage to the ecological system of the
region where such production facilities are
located [7; 8]. It is a matter of common knowledge
that during cellulose fiber dyeing (cotton fiber is
used for about 50 % of the total volume of fiber
consumption in the textile industry worldwide),
there are 10-50 % losses of reactive dyes in
wastewater, direct dyes - 5-30 %, sulfur dyes -
10-40 %. Research into dyeing technological
processes leads to the increasing the productivity
of dyeing by minimizing waste, optimizing
procedures, saving dye losses, and automatic
control of dyeing and filling processes [9], as well

as arranging production processes in such a way
that they cause minimal damage to the
environment [10]. Therefore, it’s urgent to create
resource-saving technologies for circulating water
supply and processing/using wastewater, which
can be utilized as a secondary material resource.

World practice already has the results of such
studies. Specialists discuss in the article [11] the
creation of a technology for recovering and
reusing spent solutions of dye baths in the textile
industry. This technology has been demonstrated
in the southeastern United States under
production conditions at a large carpet factory
when dyeing synthetic carpets. The implemented
technology made it possible to solve several
problems: changing the color agents’ recipe of one
group for many shades; reusing of dye baths
within the framework of the regular production
schedule; production of high-quality products
using recycled dye baths; adapting the technology
of dye baths reuse to the standard coloring
technology at the factory. Implementing this
technology has led to a notable decrease in
pollutant emissions and water consumption,
ranging from 25 % to 50 %. Dye bath reuse is
estimated to save $180,000 annually (under the
stipulation that half of the plant’s baths were
converted to reuse).

Article [12] presents research results on
technology for processing or reusing wastewater
from the textile industry (further reducing their
amount into the environment). It involves
modifying the process of regenerating the color
pan by adding an appropriate amount of cosmetic
coloring agents and auxiliary chemicals (instead of
the usual procedure of discharging the spent dye
bath). The reclaimed tank can be reused to dye a
second batch of textiles, significantly saving
additional chemicals, energy, and water.

Researchers from Brazil [13] experimentally
determined the number of residual dye baths
reused from reactive dyeing of cotton, pre-
enzymatically  treated  with  horseradish
peroxidase. As a result of this refinement, 99 % of
the wastewater’s color was removed. Moreover,
this process allowed further reuse and saved
about 200-600 liters of water per dyeing batch of
cotton fabric (200 kg).

Researchers from India [14] suggested using
triethanolamine instead of sodium carbonate in
the dyeing bath recipe with low (30 °C), medium
(60 °C), and high (90 °C) coloring temperatures to
minimize heat and energy costs for the cotton
fabric coloring with direct dyes. The colored
cotton fabric samples were compared to those
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dyed using conventional technology. According to
the results, the color strength (K/S) and color
difference were acceptable regarding the
traditional dyeing process with sodium carbonate
at high temperatures. The cost of low-temperature
dyeing has been reduced to a minimum of Rs 2.24
compared to high-temperature dyeing with
sodium carbonate.

Spanish scientists [15] propose reusing
wastewater from textile and dyeing production
after pre-purification using HydracorelO and
Hydracore50 nanofiltration membranes.
Decolorized and treated effluents were reused in
new dyeing processes. Specialists evaluated dyed
fabrics based on their original coloration. Color
differences were within the perceptual range.

Industrial wastewater is one of the by-products
of textile dyeing and finishing technologies. This
water type is directed into settling tanks within
the technological process, conforming to specified
production  requirements and  technical
characteristics. The mentioned wastewater goes
through the subsequent cleaning and discharges
into the general city sewage system [16] to
become average.

Concentrated wastewater (CW) is generated
directly after the fabric dyeing from intermittent
equipment due to volley discharges from dyeing
baths. This water contains, on average, up to 50%
of unused active dye molecules not adsorbed by
the fabric. It was determined in the laboratory
[17] that the average content of textile dyes in
concentrated wastewater is as follows: disperse
dyes - 39% and active dyes - up to 45 %.
Wastewater contains about 5-30 % of dye and a
significant amount of electrolyte and alkali [18]
when dyeing with direct coloring agents.

This formed the basis for proposing a
hypothesis [17] regarding the reuse of coloring
components (that are part of CW in the
technological cycle of coloring and finishing
production) to increase its economic efficiency
and high profitability.

The objective of this study is to conduct
experimental research on the possibility of
reusing concentrated wastewater from dyeing
cotton fabrics with Direct yellow light-resistant K
dye while coloring; to develop a technology for
cyclic utilization of concentrated wastewater
based on experimental data; to create a schematic
diagram illustrating the repeated use of
concentrated wastewater in cotton fabric dyeing
technology.

Materials and methods

Actual concentrated wastewater from the
dyeing and finishing production of the Private
Joint Stock Company Cherkasy Silk Plant (PJSC
CSP) (Cherkasy, Ukraine) was chosen as the
subject of the study. The wastewater was collected
immediately after dyeing cotton fabrics with
direct dyes using periodic equipment, resulting in
volley discharges.

Samples of the technological coloring solution
and the obtained CW after the dyeing with Direct
yellow light-resistant K dye were studied (Fig. 1).

Fig. 1. Molecular formula of Direct yellow light-
resistant K dye 3-[[4-[[4-[(4,8-disulfonaphthalen-2-yl)
diazenyl]-3-methylphenyl] carbamoylamino]-2-
methylphenyl] diazenyl] naphthalene-1,5-disulfonic
acid [19]

The coloring agent belongs to disazo dyes with
disconnected azo groups, in which the
carbodiimide group acts as a disconnecting agent.
It's possible to get these dyes by acylating
monoazo coloring agents containing amino groups
with dichloride of carbonic acid (phosgene). As a
result of the reaction, the dye molecule doubles
due to the binding of two molecules through the
carbodiimide group. This increases the dye’s
affinity to the fiber and imparts direct dye
properties. Such coloring agents are also called
phosgenated. Such dyes are resistant to light and
wet treatments. Direct dyes are commonly used to
color plant and animal-origin fibers in neutral or
weakly alkaline environments. The advantages of
coloring with direct dyes include ease of use, low
price, color brightness, excellent color transfer,
solubility in water, and the possibility of
combining with other types of dyes [20].

Coarse calico and viscose fabrics were dyed
under production conditions at the PJSC CSP
(Cherkasy, Ukraine). Coarse calico is a dense
cotton fabric with a linen weave. It is made
entirely of cotton, offering high density and cost-
effectiveness. This fabric is characterized by high
hygroscopicity, wear resistance, environmental
friendliness, hygiene, and strength (density is
145g per 1m? of fabric) and it does not
accumulate static electricity [21; 22]. We used the
Coarse calico fabric (art. 3461) produced by the
Private Joint Stock Company Cherkasy Silk Plant
(PJSC CSP) (Cherkasy, Ukraine).
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Viscose is a fabric obtained artificially from
natural raw materials. The chemical composition
of viscose fibers is identical to cotton, but they
have a much lower degree of polymerization. It
consists of approximately 80 % a-cellulose and
20 % impurities. Viscose fiber is formed as a result
of the xanthogenation. Wood cellulose is kept in a
caustic soda (18% NaOH solution), with
subsequent carbon disulfide treatment, forming
cellulose xanthogenate (cellulose-0O-CSSNa). This
results in a paste-like viscous mass, which is
extruded through a textile spinneret into a water
bath containing sulfuric acid, sodium sulfate, and
zinc sulfate. The threads formed in this way are
pulled out of the bath at a controlled rate with a
certain degree of applied tension [23; 24]. Viscose

is a weaker fiber than cotton. It has less abrasion
resistance, lower heat resistance, lesser moisture
resistance, and poorer thermal conductivity.
However, this is the cheapest artificial fiber, easy
to drape, and keeps you cool on hot days. It is often
mixed with cotton, nylon, polyester, or wool [25].
We used the Viscose fabric (art. 3324) produced
by PJSC CSP.

Fabric samples were dyed on the AHIBA
NUANCE CH-6015 (Datacolor, USA) laboratory
machine in real production conditions of the PJSC
CSP dyeing and finishing production according to
the recipe that corresponds to the enterprise’s
technological regulations. The composition of the
dye bath (technological dye solution) is given in

Table 1.
Table 1

The composition (recipe) of the dyeing bath (for a total volume of 0.08dm3) according to the regulation of the PJSC
CSP’s coloring and finishing production

Ne Name of the component

Element weight, g

1.  Washing soda (sodium carbonate, Na2CO3 GOST 32802-2014) 2
2.  Table salt (sodium chloride NaCl GOST 4233-77) 3
3.  Previously boiled dye solution (3%) 12
4 Softened water (softening is carried out at PJSC CSP) 63

The cotton fabric coloring with direct dyes is
performed in a neutral environment. However,
since the solubility of dyes improves in an alkaline
environment, sodium carbonate Na;COs3 is added
to the dyeing bath as an alkaline reagent. Washing
soda enhances dye dissolution and creates a
slightly alkaline environment (pH 8-10), which
improves the interaction between the dye and the
fiber by increasing fiber swelling.

Introducing a neutral electrolyte into the
dyeing bath significantly affects the transfer of
direct dyes from the solution to the cellulose fiber.
Electrolytes (sodium chloride) improve dye pick-
up by the fiber. The electrolyte input reduces the
fiber’s electrical potential and promotes the
sorption of dye anions on the fabric’s surface. At
the same time, the electrolyte promotes the
aggregation of dye molecules that cannot directly
participate in the dyeing process. This results in a
reduction of dye quantity absorbed by the fiber.
Therefore, the amount of electrolytes in the bath
must be strictly controlled. The consequence of
this is a faster and more complete transition of the
dye to the fiber, which increases its intensity and
causes less contamination of wastewater with
coloring agents.

The fabric dyeing processing method is carried
out in the following sequence:

- Dip 2 g of cotton and 2 g of viscose fabric
into the dye solutions.

- It takes 40 minutes at a temperature of
95 °C in a periodic manner for successful coloring.

- Wash samples several times with tap
water.

- Drain off fabric samples in a drying cabinet
at a temperature of 100 °C for 5-7 minutes.

- Examine dyed samples to assess color
intensity and stability.

Since used CW contains significant amounts of
dyes and auxiliary substances, the recipe for
dyeing cotton fabric considers the dye content in
wastewater. The potentiometric method was used
to perform qualitative and quantitative analysis of
dye solutions and the resulting wastewater using
a Metrohm 744 pH meter. A photocolorimetric
method, utilizing a UV-5800 PC (China)
spectrophotometer, was employed to conduct
qualitative and quantitative analyses of dyeing
solutions and produced wastewater. Additionally,
it was used to determine the residual dye mass in
CW. The color characteristics of the examined
tissue samples were determined using a Datacolor
Spectrum 400 (Datacolor USA) in the CIELAB
color system.

The quality and stability of the obtained colors
were assessed by comparing them with the
standards used for samples at PJSC CSP and by
determining the stability of dyeing under the
current state standards of Ukraine (DSTU ISO
3998-2000 [26], DSTU ISO 105-X12:2016 [27],
DSTU ISO 105-A02:2005 [28], DSTU EN ISO 105-
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C10:2020 [29]. The Stainingtester device
(Computex, Hungary) was used to measure color
fastness to dry and wet crocking according to
DSTU ISO 105-X12:2016. This test involves the
device’s head, covered with white cotton fabric,
making ten back-and-forth movements ona 10cm-
long fabric sample under a load of 9H. At least
three samples were tested, and the arithmetic
average of all measurements was calculated as the

result.

Results and discussion

The density and pH of dyeing solutions affect
the dye adsorption by fiber. Physicochemical
analysis of the dyeing solutions' density and pH,
as well as the resulting CW, was conducted to
determine optimal coloring conditions. The
results are presented in Table 2.

Table 2

Values of pH and density of the studied water systems when colored with Direct yellow light-resistant K dye

Fabric pH Density, g/cm3
technological dye concentrated technological dye concentrated
solution wastewater solution wastewater

Coarse calico 9.97 9.90 1.002 1.004
(art. 3461)
Viscose (art. 3324) 10.13 10.08 1.002 1.001

The values in Table 2 show that only a certain
amount of dye must be added to wastewater to
create a new technological solution based on CW.
This will determine the optimal conditions for dye
sorption by the fiber and the concentration of
coloring agents in the dyeing solution based on
technological parameters.
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Since the color of the dye depends on its
interaction with light, the quantitative content of
the colorant in the investigated solutions was
determined using the spectrophotometry method
with subsequent mathematical calculations
(Fig. 2). Photometric analysis was performed with
a UV-5800PC spectrophotometer.

0.30 Technological dyeing solutions
Concentrated wastewater
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Fig. 2. Optical spectra of aqueous solutions absorption with the Direct yellow light-resistant K dye: A - Coarse calico
fabric (art. 3461), B - Viscose fabric (art. 3324)

We mathematically calculated concentrations
and masses of the dye in the investigated water
systems. The results of these calculations, the

direct dye content in the dyeing bath (in the
technological solution), and the formed CW are
presented in Table 3.

Table 3

The content of the Direct yellow light-resistant K dye in the technological staining solution and CW (solution per
volume of 0.08dm3)

Fabric

Dye concentration in the technological

Dye concentration in CW, (mol/dm3)

dyeing solution, (mol/dm3)

Coarse calico 8.64-10-4 0,334-10-4
(art. 3461)
Viscose (art. 3324) 8.64-104 2.57-104

The hypothesis was tested by coloring cotton
fabrics in real production conditions using new
dyeing technological solutions with the laboratory
machine AHIBA NUANCE CH-6015 (Datacolor,

USA). The formulation for the new coloring
solutions was calculated mathematically. It
comprises a 3% pre-boiled Direct dye solution (in
accordance with the technological mode of P]JSC
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CSP) and CW added to the total capacity of the
laboratory dyeing machine. The composition of

new technological solutions is given in Table 4.

Table 4

Formulation of the created dyeing technological solution using CW

Fabric Volume of dyeing solution
(3% pre-boiled) that must
be added to concentrated

wastewater, dm3

Volume of concentrated
wastewater, dm3

Total volume of coloring
solution, dm3

Coarse calico 11.6-10-3 68.4-10-3 80-10-3
(art. 3461)
Viscose (art. 3324) 8.4-10-3 71.6-10-3 80:10-3

The quality of the obtained colors was
determined by the characteristics indicators
guided by the CIELAB color system. This color
space is standardized by the International
Commission on Illumination (CIE). It is used for
color control and determining its differences
(delta, D) according to a known standard
(lightness, intensity of red/green, and
yellow/blue hues), using a standard and a test
sample for color comparison. The fabric’s color
can be objectively described by a set of hue
coordinates, which can be obtained through non-
destructive spectrophotometric measurements of
the sample under investigation. The CIELAB color
space is a three-dimensional Cartesian space with
three mutually perpendicular color coordinates:
L* - correlates with the perceived lightness; a -
axis represents the red (a > 0), green (a < 0)
regions; and b - axis represents the yellow (b > 0),
blue (b < 0) - regions of chromatic coordinate
[30]. The system allows the comparison of colors
due to the system of color coordinates and the
associated diagrams.

Samples dyed according to the PJSC CSP’s basic

CW were investigated. The color characteristics
were determined using an automatic computer
system of objective color measurement Datacolor
Spectrum 400 (Datacolor USA). Its principle is
based on measuring the spectral composition of
the light reflected by the sample and calculating,
based on it, color coordinates in the CIELAB color
space.

Determining the indicators is straightforward.
The color of the sample under investigation is
analyzed in the CIELAB system and compared to
the production color standard. The color
difference between the sample under research
and the standard is calculated, and then compared
with the acceptable limits for the colored product
consumer. Acceptable limits are established
based on the color quality requirements set by the
customer and fulfilled by the production process
to produce the finished product [31, P.2].

The acceptable tolerances for samples
investigated by PJSC CSP, compared to reference
standards, allow for deviations in color intensity
of up to 5%, lightness (DL), and shades of DA
(red-green) and DB (yellow-blue) up to * 2.

technology served as standard (reference) The color characteristics of the investigated
examples of cotton fabrics. Samples dyed using samples are provided in Table 5.
Table 5
Color characteristics of fabrics stained with Direct dye yellow light-resistant K dye compared to the basic technology
of PJSC CSP
Fabric Lightness Hue (red- Hue (yellow- Color Color intensity, % according to
DL green) DA blue) DB difference DE* the standard (100%)
Coarse calico +0.43 +0.85 +1.1 1.78 95.7
(art. 3461) lighter redder yellower
Viscose +0.48 +1.62 +1.47 1.89 95.2
(art. 3324) lighter redder yellower

* Color difference is a mathematical representation that makes it easy to express the difference between two colors in
colorimetry numerically. DE should not exceed 2, corresponding to the minimally noticeable difference between colors for the

human eye [32].

Therefore, the quality indicators and the color
intensity of cotton fabrics dyed with Direct yellow
light-resistant K dye fall within the acceptable
tolerance limits set by PJSC CSP. Specifically, the
color intensity ranges from 95 % to 96 %, the

color difference does not exceed 2, and the
differences in lightness and shade between the
reference and investigated samples are within * 2.

Samples of dyed fabrics are shown in Figure 3.
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A

1 2

B

1 2

Fig. 3. Samples of cotton fabric dyed with Direct yellow light-resistant K dye: A - Coarse calico fabric (art. 3461), B -
Viscose fabric (art. 3324): 1 - technological solution according to the basic PJSC CSP recipe, 2 - created technological
solution using CW

Qualitative indicators of dyed fabric samples’
color fastness were studied by DSTU ISO 105-
A02:2005 Gray standards scale, in particular,
indicators of color fastness to dry and wet

crocking (DSTU ISO 105-X12:2016) and the
influence of soap (DSTU EN ISO 105-C10: 2020)
(Table 6).

Table 6

Qualitative indicators of dyed fabric samples’ color fastness

Fabric Technological dying Dry friction, points ~ Wet friction, points Influence of soap, points
solution
Coarse calico PJSC CSP 4 2 3
(art. 3461) technological solution 4 2 4
with CW
Viscose (art. 3324) PJSC CSP 3 2-3 3-4
technological solution 3 2-3 3-4

with CW

As a result, the quality characteristics of fabric
samples colored using the developed dyeing
technological solution with CW align with those of
samples dyed according to PJSC CSP’s basic recipe.

Drawing from these and prior studies [33-35],
which describe the results of the study of the
process of dyeing cotton fabrics with Direct Fast
Blue B2RL and Direct Red Light-resistant dyes
using wastewater, a fundamental technological

2

diagram of the fabric dyeing process was
established. This diagram incorporates periodic
reuse of CW for the first time (see Fig. 4). Dyeing
according to this scheme has been tested in the
PJSC CSP’s production conditions in automatic
dyeing-roller machines of periodic action Jigger
VN (Henriksen Company, Denmark) and has
practically significant results.

v

Fig. 4. Schematic diagram of the dyeing cotton fabric’s technology in a periodic way with repeated use of dyeing and
finishing production’s CW: 1 - tank with process water; 2 - container with dye and auxiliary substances; 3 - the
reactor for the dyeing solution preparation; 4 - roller dyeing machine (jigger); 5 - dispensers; 6 - mechanical pre-
cleaning filter, 7 - collector of concentrated wastewater; 8 - general block of wastewater analysis.

The method of cotton fabric dyeing periodically
with repeated CW dyeing and finishing production
according to this scheme is as follows. Process
water from tank 1 and dye with auxiliary

substances from tank 2 are mixed in the dyeing
solution preparation reactor 3, which is fed to the
roller dyeing machine (jigger) 4, where the fabric
dyeing process takes place. Dosers 5 are used to
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meter out dye and other substances. Wastewater,
after dyeing, gets a mechanical pre-cleaning filter
6, where mechanical inclusions (fluff, fabric
threads, etc.) are retained, and the liquid is fed into
the wastewater collector 7. Once in the general
wastewater analysis unit 8, wastewater samples
are taken and subjected to physical and chemical
analysis (pH is determined using potentiometric
method, dye concentration in wastewater is
determined using spectrophotometric method,
density of solutions is determined using an
areometer).

After analysis and calculation of the amount of
dyes and auxiliary substances in the wastewater,
water is fed back into reactor 3. Then there’s the
preparation of a new dyeing solution, into which
the amount of dye and auxiliary substances (as
needed) that must be added based on the results
of the physicochemical analysis is added from

container 2 with wastewater (according to the
recipe).

A single cyclic use of the CW was conducted
while dyeing cotton fabrics with the Direct yellow
light-resistant dye K during the experimental
investigations. This fully corresponds to the
experimental plan.

The cost savings associated with the dye were
calculated to assess the feasibility of the new
technology. The mathematical calculation was
carried out by comparing the cost (in $) of the
direct dye expenses according to the PJSC CSP’s
production recipe and a new one per 1200
running meters (RMTs) of fabric, such as a
discontinuous roller dyeing machine Jigger (Vald
Henriksen, Netherlands) dyes 1200 running
meters (RMTs) during one stage (pass). The
results of mathematical calculations are presented
in Table 7 and shown in Figure 5. Dye costs were
calculated using prices from August 2023.

Table 7
Savings in the use of Direct yellow light-resistant K dye when coloring cotton fabrics with CW
Fabric Technological coloring The cost of dyes, Dyes cost efficiency, Dyes cost
solution $/1200 RMTs of $/1200 RMTs of fabrics efficiency, %
fabrics
Coarse calico  according to the basic recipe 91.33
(art. 3461) - - 4.5 493
according to the new recipe 86.83
with CW
Viscose according to the basic recipe 89.85
art. 3324 15.3 17.02
( ) according to the new recipe 74.55
with CW
140 - - Technological Coarse calico Viscose
[ dveina solations
yeing solutions
. Concentrated 4.9% ($4.50) 17.0% (515.30)
g 120 wastewater
£
2 683443 89.85
g 80 . 7455
% 60 -
S a0+
= 95.1% ($86.83) 83.0% ($74.55)
207 [ The cost of dyes
B Dyes cost efficiency

Coarse calico Viscose

Direct yellow light-resistant K

A

B

Fig. 5. Dye consumption savings of Direct yellow lightfast K in the dyeing technology using concentrated wastewater
for every 1200m of cotton fabric: A - cost of dye consumption; B - dye consumption savings (in %) compared to the
baseline technology

The average cost savings of Direct yellow light-
resistant K dye is 11 % for every 1200 running
meters (RMTs) of cotton fabric.

Conclusions
It has been experimentally proven for the first
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time that concentrated wastewater obtained
directly after dyeing cotton fabrics with Direct
yellow light-resistant K dye from periodic
equipment due to volley of dyeing baths sewage
can be utilized as a secondary resource in the
technology of coloring cotton fabrics.

Practical investigation has shown that adding a
specific amount of dye to the concentrated
wastewater, while maintaining constant values of
density and pH, converts it into the technological
dyeing solution. This will also help to ensure the
parameters of the optimal conditions for dye
sorption by the fiber and the concentration of the
coloring agents in the dyeing solution.

As cotton fabrics were monochrome-colored
with Direct yellow light-resistant dye K, we have
experimentally determined the color
characteristics of dyed fabric samples. A
comparison between samples dyed according to
the basic technology and those using
concentrated wastewater has demonstrated that
samples dyed using CW exhibited a color intensity
of 95-96% compared to the standard (100%), the
color difference between the reference and test
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