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PaspabomaHa mexHonoaus buoxumuyeckol om-
8apKU X710N4YAMOOYMAXCHbIX MEKCMUJIbHbIX Mame-
puanos, 6ageodaps komopol docmueaemcsi Makcu-
ManbHas o4uCmMKa om Conymcmsyrwux npumecel
C MUHUMANbHOU CmeneHblo nospexdeHus 80/10KO-
HOo06pasywe2o noiumepa — Uesnao3sl. Co2nacHo
pe3ysbmamam uccaed08aHus, yCmaHoseeHo, 4mo ons
docmueHus mpebyemoli cmeneHu o4UCMKU U Npu-
0aHUs MeKCMuabHOMY Mamepuany 2udpopuibHbIX
csolicme, UenecoobpasHo NpUMeHsMb COBMEUEHHDbIL
buoxumuydeckull cnocob nod20mosKU, cocmosauud
u3 nocnedosamensHoli 06pabomku pepmeHmMHsIMU
npenapamamu u KAaccu4eckuM WenoyHsiM pacmeo-
poOM C MeHblell KoHueHmpayuel e20 coCmasHbIx
KoMnoHeHmo8. bnazodaps npumMeHeHU Hemokcuy-
HbIX U buopasnazaemelx gepmMeHmHbIX Npenapamos
8 MmexHoa02UuU NO020MOBKU X/10NYAMOOBYMAMHbIX
meKCMUuJsIbHbIX Mamepuanos K KpaweHur, B03MOMHO
YMEHbUWUMb KOHUEHMpPAuuUto 8peoHbIX XUMUYECKuX
peazeHmos 8 B8apOYHOM pacmeope, COXPaHss npu
3mom buonosnumep 80/10KHA, @ MAKIE c030amsb yC0-
8us 0n151 6onee noaHoOU u 21yboKol cmeneHu 04uUCmKU
om npumecell. Takum 06pazom npoucxooum ymeHb-
WweHue KoHUeHmpauuu wénoyu e pacmeope 8 2 pasa,
cokpaweHue npodomumensHocmu o0bpabomku, a
makxe yMeHbleHue memnepamypsl 06pabomku
6onee yem 8 2 pasa.
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ABSTRACT

ENZYME, ALKALINE SCOURING, BIOSCOURING,
COTTON FIBER IMPURITIES, ENVIRONMENTALLY
FRIENDLY TECHNOLOGIES

The purpose of the work is to develop a bioscour-
ing technology, which results in the maximum purifi-
cation of cotton fabric from impurities with minimal
damage to the fiber-forming polymer. As a result of
the research, it was found that in order to achieve the
required degree of purification from impurities and
maximum wettability, it is advisable to use combined
biochemical methods of preparation, consisting of
sequential treatment with enzyme preparations and
a traditional alkaline scouring solution at low con-
centrations of its constituent components. Thanks to
the use of non-toxic biodegradable enzymes in the
technology of preparing cotton textile materials for
dyeing, it is possible to reduce the concentration of
traditional liquid reagents by further loosening the
fiber structure and creating conditions for a deeper
and more complete removal of impurities. Thus, there
is a reduction in the concentration of NaOH by 2
times, a reduction in the duration of treatment in an
alkaline solution, as well as exposure to high temper-
ature by more than 2 times.
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INTRODUCTION

Asitis known,before coloring and final finishing,
textile materials go through a preparation stage,
which includes desizing, scouring and bleaching.
As a result of scouring, 7-12 % of impurities of
non-cellulose origin accompanying cellulose
(waxy, pectin, ash, etc.) are removed, due to which
there is an increase in capillary properties and a
uniform sorption capacity of the textile material
[1].

As a result of traditional alkaline scouring,
pectin substances pass into soluble compounds
and are completely removed from the fiber as a
result of hydrolysis. Nitrogen-containing protein
substances are hydrolyzed, forming amino acids,
which with sodium hydroxide produces water-
soluble salts. About 40 % of waxy substances (fatty
acids) are saponified to form sodium salts of fatty
acids.The remaining waxy substances are removed
by emulsification with a surfactant [2]. For the
successful flow of the emulsification process, it is
necessary to transfer waxy substances to a molten
state. The melting point of waxy substances is
80 °C, so the scouring temperature should be
higher [2].

Under such conditions, nonselective oxidation
of cellulose occurs: micro- and macroradicals are
formed,pyranringsand glucosidicbondsare broken,
and a mixture of hydroxy- and hydrocellulose is
formed [3].As a result of oxidation, the destruction
of cellulose materials occurs,which is expressed in
a decrease in the degree of polymerization,and, as
aresult,a deterioration in physical,mechanical and
other consumer properties [4]. In addition, during
alkaline scouring, a significant part of the reagents
is removed during washing and enters wastewater
and the atmosphere, causing enormous damage to
the environment.

Currently, biotechnological methods for the
preparation of textile materials from cellulose
fibers are being developed and introduced into
production more and more with the use of enzyme
preparations that are active at low temperatures
and in neutral environments [3, 5, 6]. Thus, the
most commonly used preparation in scouring
technologies is the cellulase enzyme, which
causes the destruction of cellulose in the outer
layers of the fiber in areas with the least ordered
molecules [4]. Bioscouring involves carrying out
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the technological process at a temperature of
50-60 °C, while the removal of waxy impurities
is carried out due to the partial hydrolysis of the
cellulose of the primary wall and the destruction
of the cuticle [5].

However, according to the studied literature
sources [3], [7], not all accompanying impurities
of cotton fiber can be removed in the process
of bioscouring with a composition of enzyme
preparations. In particular, the greatest difficulty
is the removal by enzymes of the protein part
of nitrogen-containing substances. They can be
extracted only after their destruction under the
action of hot alkali solutions or alkaline solutions
of sodium hypochlorite, or in the presence of
sodium silicate [2]. In this regard, the task of
developing integrated technologies for the
processing of cotton materials, including the
stages of bioscouring and alkaline scouring (with
a reduction in the concentration of NaOH in the
solution), which minimizes the aggressive effect
of chemicals on cellulose, and also improves
the environmental friendliness of finishing
technologies, is an urgent task.

Theaimoftheworkistodevelop atechnologyfor
scouring of cotton fabrics using new polyenzymatic
compositions of Belarusian production, as a result
of which the maximum cleaning of cotton fabric
from accompanying impurities is achieved with
minimal damage to the fiber-forming polymer.
OBJECT AND SUBJECT OF RESEARCH

The object of study is a cotton fabric of
plain weave ("Baranovichi Cotton Production
Association’, JSC) with a surface density of
120 g/m?. This fabric was processed according to
four technologies (Figure 1).

In the study the following preparations of
a Belarusian manufacturer, Enzyme LLC company,
were used: Enzitex CKO (Acidic cellulase, activity
10,000 units/g, optimal conditions for pH
from 4.5 to 5.5, operating temperature 30-
70 °C); Enzitex Bio-K (Acid pectinase, activity
6500 units/g. Optimal conditions for action
pH from 3.0 to 4.5, operating temperature 40-
60 °C); Enzitex ATS (Bacterial a-amylase, activity
10,000 units/g,optimal conditions for action pH
from 5.5 to 6.5, operating temperature 40-90 °C).
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Alcaline seouring

Fabric soaking in a
solution containing, g/l;
Sodimm hydroxide — 10;
sodium silicate (density

1.44)—33;
surfactant — 0.3;
sodivm hydrozulfate
{38%)—3-3.

1
Scouring;

Bath module —50;
Durationt—2 9.;
Solution temperature t—
100°C.

1
Washing with hot and
cold water

Bioscouring (scheme 1)

Fabric soaking in a

solution containing, g/l:

Surfactant — 3;
Enzitex CKO —2_5;
Enzitex Bio-K — 2.5;

Enzitex ATE - 2;
acetic acid to pH=4-5.

Sconring:

Bath module — 30;
Durationt—19.;
Solution temperature t—
300C.

Enzyme deactivation;

Washing with hot and

Bioscouring (scheme 1)

Fabric soaking in a
solution containing, g/l:
Surfactant — 3;
Enzitex CKO — 1,5;
Enzitex Bio-K — 3;
Enzitex ATC - 2;
acetic acid to pH=4-5.
L
Scouring:
Bath module — 30;
Durationt—149.;
Solution temperatore t—

Alealine scouring + Bioscouring

Fabric soaking in a solution
containing, g/l:
Surfactant — 3;
Enritex CKQO —1,5;
Enzitex Bio-K — 3;
Enzitex ATC — 2;
acetic acid to pH=4-5.

L
Sconring:

Bath module — 30;
Duration t— 30 min.;
Solution temperature t — 30°C.

cold water

Figure 1 - Scheme of processing cotton fabrics

RESEARCH METHODS

To determine the effectiveness of scouring,
the content of waxy and fatty substances, pectin
substances, ash substances, and the degree of
damage to cellulose were determined in the
cotton fiber.

To determine the waxy and fatty substances of
cotton fiber, the method of extracting them with
an alcohol-benzene reagent (1:1) in a Soxhlet
apparatus was used [4]. After drying the material
to constant weight at ¢ = 90 °C and cooling in
a desiccator, it was weighed with an accuracy
of 0.001 and the content of fat waxes (%) was
calculated using the formula (1):

m, - 100

L S (1)
m, (100-W)

Pectins were extracted with 1 % ammonium
citrate solution followed by spectrophotometric
measurement on a PB 2201 spectrophotometer

128

300C. 1
1 Fabric soaking in a solution
Enzyme deactivation; containing, g/1;
L Sodium hydroxide — 3;
Washing with hot and  zodium silicate (density 1.44) - 33;
cold water surfactant — 0.3;
sodium hydrosulfate (38%) — 3-3.
1
Scouring:
Bath module — 30;
Duration t— 30 min ;
Solution temperature t— 1009C.
4
Washing with hot and cold water
designed to measure spectral directional

transmittances, optical density in transparent
liquid solutions and solid samples and determine
the concentration of substances in the spectral
range of 190...1100 nm. The measurements were
carried out at a wavelength of 360, 390, 530,
and 630 nm, followed by the calculation of the
quantitative content of polysaccharides included
in the composition of pectin substances (hexosans,
pentosans, polyuronides, furfural), as well as the
calculation of the quantitative content of pectin
substances [4].

The content of ash substances in the fiber was
determined according to GOST 938.2-67. Leather.
Ash content determination method [8].

The degree of damage to the cellulose of cotton
fiber was determined by the relative viscosity (qsp)
of 0.1 % copper-ammonia solutions of cellulose
using a rotational viscometer Lamy Rheology
RM100 PLUS [3].
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EXPERIMENTAL STUDIES AND DISCUSSION OF
RESULTS

The results of determining the chemical
composition and the degree of damage to cotton
materials are presented in Table 1.

Waxy impurities in cotton are localized in the
peripheral part (cuticle and primary wall) of the
fiber [3]. Waxes are based on hydrocarbons, fatty
acids and their esters, as well as high molecular
weight alcohols. One of the important conditions
for the purification of cellulose fiber from waxy
compounds is their transfer to a molten or softened
state [9].In an alkaline environment, up to 37% of
waxy cotton is saponified, the rest can be removed
only by emulsification or dissolution in nonpolar
organic solvents [3].

When forming the technology for the
preparation of textile materials from natural plant
fibers, it should be taken into account that it is
desirable to leave a certain part of waxy materials
on the fiber, since they improve the elastic
properties of the fibers and increase the consumer
(physical and mechanical) properties of the textile
material. It is known that a decrease in the content
of waxy to 0.11 % and below leads to a loss of tear
strength by 30 % [3]

Alkaline scouring removes 0.185 % of cotton
extractives, while bioscouring releases about
0.546 % of waxy and fatty impurities. The smallest
percentage of fat wax content is demonstrated
by a sample that has undergone a combined
biochemical treatment,which includes consecutive
enzymatic and traditional alkaline scouring. This

XUMWUYECKASA TEXHOJIOTUA U 3KONI0INA

pattern is confirmed by the results of studies
presented in [9],according to which the removal of
waxes during enzymatic scouring is mainly carried
out by introducing a surfactant into the working
bath and introducing an additional hydrodynamic
(mechanical) effect. Due to the partial destruction
of the primary wall of the cotton fiber and the
loosening of its structure by enzymes, there is a
more complete surfactant sorption in the surface
structures of the damaged fiber, which makes it
possible to remove the largest amount of fatty
substances by emulsification.

Pectic substances are one of the main satellites
of cellulose. This is a group of complex carbons,
consisting of polygalacturonic acid. In cotton,
pectin substances are concentrated in the cuticle
and in the primary wall (37 %). They can be
complexed with waxy materials and with cellulose
itself, which makes it difficult to remove them
from the fiber [3].

Pectin can be extracted from cellulose fiber by
various methods. Due to the hydrolytic destruction
of glucosidic bonds, most of the pectin substances
dissolve in solutions of alkalis and acids. When
processing cotton fiber with peroxide solutions,
depending on the concentration of hydrogen
peroxide, from 11 to 29 % of pectin compounds
can be removed. Pectic substances can be removed
by boiling cotton with alkali under pressure, as
well as using enzyme preparations [2]. Under
the action of pectinases, the hydrolytic cleavage
of pectin substances occurs in several stages:
protopectinase acts on insoluble protopectin by

Table 1 - Chemical composition and degree of damage to the studied cotton materials

Original Alkaline Bioscouring | Bioscouring | Biochemical

fabric scouring (Scheme 1) (Scheme 2) scouring
Content of fatty and waxy 1.4862 1.301 0.9402 0.9456 0.6317
substances, %
oc/f”te”t of pectin substances, | ;¢1q 0.6244 0.5147 0.2714 0.1199
Content of ash substances, % 1.6259 0.8737 0.1621 0.1689 0.2911
Viscosity of copper-ammonia
solution of cellulose, mPa 44.78 33.76 39.82 43.19 3768

(degree of damage to
cellulose)
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destroying the bonds between the components of
cell walls and pectin, as a result of which the latter
becomes soluble [10].

The use of enzyme scouring with pectinase as
part of the composition causes hydrolytic cleavage
of pectin substances, promotes their effective
extraction from the fiber. With an increase in the
concentration of pectinase in the cooking solution
(Scheme 2, biochemical scouring), the proportion
of removed pectin substances increases.

Photos of the residual ash content in a porcelain
crucible after calcining cotton fiber in a muffle
furnace are shown in Figure 2.

Purification of fiber from mineral substances,
as a rule, is not difficult. The ash substances of
cellulose are soluble in water and are removed
from the fabric by washing with water or a weak
acid solution. According to the results of the study,

the largest percentage of ash impurities is removed
during tissue bioscouring with polyenzymatic
compositions. Biochemical scouring also removes
80% of minerals from cellulose fibers. Probably,
this effect is achieved by additional loosening of
the fiber structure and creating conditions for a
deeper and more complete removal of impurities.
The technology of enzymatic scouring of cotton
textile material consists in the selective hydrolysis
of the cellulose of the primary wall of cotton, as
a result of which the cuticle is removed and the
outer layer (primary wall) of the fiber is partially
destroyed. It is believed that by destroying the
primary wall,it is possible to remove the main part
of the contaminants from this layer [2].

Thus, at this stage of research, it has been
determined that the most effective is the combined
biochemical scouring in terms of removing the

-

~

Figure 2 - Residual ash content in a porcelain crucible after calcining cotton fiber in a muffle furnace: a) severe;
b) alkaline scouring; c) bioscouring (scheme 1); d) bioscouring (scheme 2); e) biochemical scouring
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accompanying impurity compounds of cotton.
Cellulase is known to cause hydrolysis of the
P-glucosidic bond in carbohydrates [3]. The result
of such hydrolysis of cellulose is its destruction.
Hydrocellulose is characterized by increased
solubility in hot water, especially alkaline
solutions. Thus, alkaline scouring increases the
degree of degradation of the cotton biopolymer

XUMUYECKAS TEXHOJIOTUA W 3KOJI0TUA

due to processing at high temperatures. Therefore,
given the effect of scouring, whether alkaline or
enzymatic, on cellulose, a decision was made to
determine to what extent these technologies
contribute to the destruction of cellulose.

The viscosity of the copper-ammonia solution
of the tissue sample biotreated according to
Mode 2 (with a lower concentration of the

Figure 3 - Micrographs of the original and processed fibers: a) original fibre; b) alkaline scouring; c) bioscouring
(scheme 1); d) bioscouring (scheme 2); e) biochemical scouring
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cellulase enzyme) decreased by 3.5 % compared
to the solution of the original fabric, and
exceeded the viscosity of the sample solution
prepared according to Scheme 1. Introduction of
bioscouring to alkaline scouring technology stage
and a decrease in the concentration of alkali in the
composition of the solution allows to reduce the
degree of destruction of cellulose, i.e., the viscosity
of the copper-ammonia solution increases by
10 % compared to the viscosity of the solution
after alkaline scouring.

Using an optical microscope Altami Micromed,
micrographs of the studied cotton fibers were
taken (Figure 3).

Visual assessment of micrographs allows us
to conclude that the outer layers of the fiber are
destroyed after scouring in all modes. The most
damaged fiber is noted after alkaline scouring,
which is also confirmed by the results of a study
of the viscosity of copper-ammonia solutions of
cellulose.

CONCLUSIONS

Despite the fact that the use of enzyme
scouring allows maximum preservation of
cellulose, in order to achieve the required degree
of purification from impurities and maximum
wettability, it is advisable to use combined
biochemical methods of preparation, consisting
of sequential treatment with enzyme preparations
and a traditional alkaline scouring solution at low
concentrations of its constituent components.
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Thanks to the use of non-toxic biodegradable
enzymes in the technology of preparing cotton
textile materials for dyeing, it is possible to reduce
the concentration of NaOH by 2 times; reduce the
duration of treatment in an alkaline solution; and
also reduce exposure to high temperature by more
than 2 times by additional loosening of the fiber
structure and creating conditions for a deeper
and complete removal of impurities. The result
of a mild impact is the preservation of the fiber-
forming polymer, and, consequently, the strength
of the fiber, as well as a decrease in the negative
impact on the environmental situation.

The use of polyenzyme compositions in
the scouring biotechnology makes it possible
to comprehensively influence various types of
impurities, contributing to the effective cleaning
of the fiber and imparting increased hydrophilic
properties to it.

The research was carried out within the framework
of the research work "Biochemical modification of
cellulose textile materials” N® T22UZB-062" from the
Belarusian Republican Foundation for Basic Research.

The article was prepared based on the materials of
the report of the INTERNATIONAL CONFERENCE ON
TEXTILE AND APPAREL INNOVATION (ICTAI-2022),
which took place on November 23-24, 2022 at the
educational institution "Vitebsk State Technological
University” (Republic of Belarus)
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