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APPLICATION OF FIBROUS MATERIALS WITH SORPTION PROPERTIES
IN WATER PURIFICATION TECHNOLOGIES

The algorithm for the technological process of obtaining a chemisorption composite material based on waste chemical
fibers filled with clay powders for the purification of wastewater from heavy metal ions has been developed. Non-woven mate-
rials obtained from polyurethane-polyamide chemical fiber waste were used as a basis in the work. To increase the mechanical
strength, they were fastened by the needle punching method with a knitted fabric with a surface density of 240 g/m2, which was
made by plaited weaving using cotton yarn with a linear density of 25 tex and polyethylene complex threads with a linear
density of 16.5 tex on a single-font circular knitting machine of the MS type. To strengthen the sorption capacity, clay powders
of the montmorillonite type were introduced into the fibrous base in the form of filled dispersions of starch (2-3 %) or polyvinyl
alcohol (3%) in the amount of 5 to 10% of the mass of the dispersion.

Sorption-filtering fibrous material filled with clay minerals can be used for wastewater treatment of light and chemical
industry enterprises. The use of clay minerals through their introduction into the fibrous base will reduce the hydraulic re-
sistance of the sorbent layer, without using a sorbent of coarse fractions, which will preserve the area of the active absorbing
surface. Wastewater treatment can be carried out by passing water through a sorption-filtering element. Cleaning installations
can accommodate several sorption-filtering elements at the same time, which increases the efficiency of water purification. It
is possible to use chemisorption composite material for cleaning silted drains without the threat of adsorbent clogging, and in
return water supply systems, which will reduce the risk of depositing mineral salts on the walls of water purification equipment
and ensure high-quality operation of treatment facilities.

Keywords: water purification technologies, chemisorption composite material, sorption-filtering element; non-woven
materials; clay minerals; starch, polyvinyl alcohol.
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Introduction. The post-war reconstruction of Ukraine will inevitably lead to an increase
in the use of natural resources and consumer waste, which in turn will increase the anthropo-
genic load on the environment. Reducing the volume of waste generation and advancing its
processing; reuse based on innovative technologies and production is one of the tasks of achiev-
ing sustainable development of Ukraine. In addition, the country's water management complex
requires improvement, primarily taking into account the need to achieve a balance in the pro-
cesses of use and reproduction of water resources, in order to provide the population and indus-
trial users with water of appropriate quality.

Currently, there is growing interest among researchers in the use of sorption and filter ma-
terials for wastewater treatment. water purification technologies based on sorption and filter
materials are distinguished from other technologies by their high efficiency and versatility. They
combine filtration and sorption processes to remove not only mechanical impurities from water,
but also heavy metal ions and organic substances that can be harmful to the environment and
human health.

Clay minerals are actively used as adsorbents for the removal of dangerous chemical prod-
ucts of organic and inorganic origin in water purification technologies due to their specific lay-
ered structure, large surface area of particles, porosity, presence of active centers, high cation
exchange capacity [1].
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Bentonite clays in their natural or activated form, that is, after chemical treatment with
acids, have good adsorption properties and are widely used as a natural adsorbent for cleaning
products of the oil refining, by-product coke, and food industries. Thus, with a fraction size of
0.5-1 mm, the absorption capacity of heavy metal cations of natural montmorillonite bentonite
i1s 1821 mme/100g [2]. Bentonite is used in the mining industry for the preparation of drilling
fluids, as well as a natural adsorbent, filler.

Some known sorbents [3] often do not have the necessary sorption capacity to bind metals
to a sufficient extent, for example, from highly concentrated or low-concentrated solutions or
from strongly acidic solutions, in particular, also in the presence of alkali or alkaline earth metal
ions. In addition, the previously known sorbents are often not stable in the entire pH range from
0 to 14. Due to the almost always unsatisfactory sorption capacity of known sorbents, a large
volume of sorbent is often required, or the process must be repeated many times, for example,
to ensure obtaining water that does not contain heavy metals. As a result, metal bonding pro-
cesses are very time-consuming and expensive.

The study [4] considers the use of combined filtration and sorption systems for the manu-
facture of pleated filters. The researched materials consist of several structural layers — a filter
membrane made of polymer nanofibers, an adsorbent containing nanofibers of activated carbon
or porous silicon dioxide, a supporting or covering non-woven two-component fabric. The lay-
ers are connected only by pressure at high temperature without the use of binders. Centrifugal
spinning has been shown to produce flexible, compact and uniform filtration membranes with
good separation properties of submicron particles.

The composition of the filter material for drinking water purification, which contains a
mixture of cotton and wood cellulose, glass fiber, activated carbon and melamine formaldehyde
resin, is known. This mixture is treated with binder and latex. The proposed composition of the
filter material allows to reduce the amount of suspended substances, active chlorine and dyes
in the water [5]. The main disadvantage of this material is that it shows insufficient water puri-
fication efficiency, in particular in relation to iron and manganese compounds.

Target setting. The purpose of the work is to develop an algorithm for the technological
process of obtaining chemisorption composite material based on waste chemical fibers and in-
troducing it into wastewater treatment systems in order to reduce the pollution of water re-
sources by salts of heavy metals.

Research methodology. Based on the results of theses [6], a method of obtaining a com-
posite material with sorption properties on a fibrous base filled with clay powders is proposed
(Fig. 1). Non-woven materials obtained from waste polyurethane-polyamide chemical fibers
were used as the fibrous base, and to increase mechanical strength, they were fastened by the
needle punch method with a knitted fabric with a surface density of 240 g/m?, which was
made by plaited weaving using cotton yarn with a linear density of 25 tex and of polyethylene
complex threads with a linear density of 16.5 tex on a single-thread circular knitting machine
of the MS type.

To strengthen the sorption capacity, clay powders of the montmorillonite type were intro-
duced into the fibrous base in the amount of 5 to 10% of the weight of the non-woven material
in the form of saturated aqueous dispersions of starch (2-3 %) or polyvinyl alcohol (3 %). Fill-
ing with clay powders makes it possible to improve the sorption capacity of the material due to
the increase of the specific surface area and the phenomenon of chemoadsorption on the active
centers of clay minerals, which will increase the efficiency of wastewater treatment of light and
chemical industry enterprises.
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Fig. 1. Scheme of chemisorption composite material filled with dispersions of clay minerals,
based on waste polyurethane-polyamide chemical fibers:
1 — knitted base; 2 — non-woven material from polyurethane-polyamide chemical fibers filled
with clay minerals (A)

Increasing the amount of clay powders in the structure of fibrous material by more than
10 % is not rational, because it does not lead to a significant increase in the sorption capacity
of the obtained materials due to a decrease in the surface area and pore volume of the obtained
materials.

Reducing the concentration of solutions of polyvinyl alcohol and starch to 0.5 % to obtain
filled dispersions does not ensure the fixation of clay powders in the structure of the fibrous
material, which leads to the deterioration of its sorption characteristics. An increase in the con-
centration of solutions of polyvinyl alcohol and starch above 3 % leads to obtaining viscous
dispersions, which complicates the uniform application and distribution of clay powders in the
structure of the fibrous material and worsens its sorption and filtration properties.

Filled dispersions of starch and PVA can be applied to the surface of the fibrous base by
the spreading or rolling method. After application, the resulting composite material must be
dried for 60 minutes at t=100°C. For use in water purification technologies, the obtained mate-
rial is placed in plastic lattice housings by repeated bending and twisting.

As a result of the research, results were obtained regarding the influence of the mechanical
activation process on the dimensional characteristics and shape of particles of clay powders of
the montmorillonite and palygorskite types [7]. It was established that the reduction of the av-
erage values of the equivalent diameter of particles in the process of mechanical impact (~ by
14-15 %) is realized mainly due to the destruction of their largest aggregates. At the same time,
the intensity of this process is significantly higher for clay of the montmorillonite type. It is
shown that for both studied samples that the process of mechanoactivation leads to an increase
in the average values of the particle shape indicator (the shape is approaching spherical, char-
acterized by a higher surface area) and an increase in the homogeneity of their distribution
according to this indicator. Acid activation of clays also significantly increases their sorption
capacity due to an increase in the specific surface area of the sample, as well as due to the
phenomenon of chemoadsorption on the cationic centers of clay minerals [8-9].

The concentration of the polymer binder and the amount of mineral sorbent affect the
surface density and mechanical characteristics of fibrous materials impregnated with disper-
sions of starch and PVA [10]. The application of 3 % water-polymer dispersion of PVA or 2—
3 % starch dispersion with the introduction of 5 % clay by mass of the binder ensures the
production of sufficiently elastic fibrous materials with good strength indicators. In addition,
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taking into account the previously obtained results that the treatment of the fibrous base with
3 % dispersions of PVA and starch filled with clay minerals helps to increase the sorption
capacity of the obtained materials, these fibrous composites can be recommended for water
purification technologies.

Results and discussion. The algorithm of the technological process of obtaining chemi-
sorption composite material based on waste polyurethane-polyamide chemical fibers, devel-
oped based on the results of the author's thesis [6], is shown in Fig. 2.

Based on the results of the research, it can be stated that the proposed algorithm describes
an effective and efficient method of obtaining a chemisorption material suitable for the purifi-
cation of wastewater from heavy metal ions. The implementation of this algorithm can have a
significant impact on improving the quality of wastewater, reducing environmental pollution
and ensuring the sustainability of water resources.

Parameters of the technological stages of obtaining a chemisorption composite material
based on waste chemical fibers:

Waste polyurethane-polyamide chemical fibers. Non-woven materials obtained from waste
polyurethane-polyamide chemical fibers, which are formed during the production of hosiery
products, were used as the fibrous basis of chemisorption composites in the work. The com-
bined yarn waste consisted of complex fibers Lycra 162 C, linear density 4.4 tex (PU) and
textured complex fibers Nylon 6.6 £ 20/1, linear density 3.3 tex (PA-6.6) in a ratio of 70/30 by
weight, %.

Preparation of fibrous raw materials. Fibrous waste PU/PA-6,6 was pre-shredded on a sta-
ple machine with rotary knives. The cutting length was 30 mm. Next, the staple fibers were
mixed with additional fibrous components in certain ratios. A ChBV carding machine was used
to form the fibrous web. In the course of combing, fibers are distributed across the width of the
sample, their mixing and a certain parallelization in the direction of combing occurs. After pre-
liminary combing, the canvas was removed from the receiving drum (diameter 200 mm). De-
pending on the composition and quality of the obtained material, the combing operation was
repeated 2-3 times until the formation of a homogeneous fibrous material in which the fibers
are sufficiently evenly distributed.

Fastening the canvas by needle punching. The needle punching method is based on binding
the fibrous canvas with its own fibers. The fibrous material is passed through the rolls of the
needle punching machine. The prepared canvas of fibers is stitched on a needle punching ma-
chine with needles with serrations at the ends, which carries out stitching of the canvas.

Increasing mechanical strength. Fastening by the needle punch method with a knitted fab-
ric with a surface density of 240 g/m?. In this way, mechanical strength is ensured, while the
elasticity of the fabric is preserved, which allows producing of sorption-filtering elements of
complex geometric shapes.

Preparation of natural mineral clays. The initial powdered clay sample was previously
sieved through sieve No. 0071 to remove coarse impurities. Next, the clay was washed with
distilled water in the ratio of solid and liquid phases of 1:100 with thorough mixing using a
mechanical stirrer. After settling the resulting suspension for 24 hours, the highly dispersed
fraction was decanted with a siphon into another container. The sample cleaned of impurities
was centrifuged for 30 minutes and dried at 80°C in an oven to a constant weight. The obtained
samples were ground in a porcelain mortar and sieved to obtain a fraction of < 0.20 mm.

132



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 4(34),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

Waste of polyurethane - Preparation of natural mineral
polyamide chemical fibers clays (sieving)
l |
Preparation of fibrous raw materi- Mechanical activation
als (shredding, combing) 1
T Acid activation
HCI 30 %
Forming the base of the canvas Duration 60 min. Tem-
T perature is 95 °C
Fastening the canvas Preparation of an
by needle punching aqueous solution of
PVA or starch
Non-woven material Preparation of filled dispersions
(surface density 227 g/m?) of PVA or starch
Increasing mechanical strength (fas- . . .
tening by needle punch method with Applying the dispersion to the
knitted fabric 240 a/m?) surface of the fibrous material

Drying
(duration 60 minutes at a temperature of 80-90°C)

Formation of the sorption element by
repeated bendina and twistina

Fig. 2. Algorithm of the technological process of obtaining chemisorption composite material
based on waste chemical fibers

Mechanical activation. A laboratory cylindrical ball mill was used for dry grinding of clay
powders using 20 mm diameter ceramic balls as grinding elements. The rotation frequency of
the mill was 60 rpm, the duration of processing was 20 minutes.

Acid activation. For acid modification of purified clay minerals, a 30 % HCI solution was
used with a ratio of solid to liquid phases of 1:1.5, in a water bath at a temperature of 95—-100°C
with constant stirring. Processing time was 1 hour. After that, the samples were repeatedly
washed with distilled water until there was a negative reaction to CI ions in the washing water
(quality was controlled using AgNO3 solution). The obtained samples were dried at 80°C in a
drying cabinet to a constant mass, ground in a porcelain mortar and sieved through a sieve to
obtain a fraction < 0.20 mm.

Preparation of an aqueous solution of PVA or starch. Polyvinyl alcohol and starch of dif-
ferent concentrations (from 1 to 3 %) were chosen as water-soluble polymers for impregnating
the fibrous base.
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Preparation of filled dispersions of PVA or starch. To increase the sorption capacity of
materials, montmorillonite-type clay powder in the amount of 5-10% of the mass of the binder
was added to aqueous solutions of polymer binders of various concentrations.

Applying a dispersion to the surface of a fibrous material. The resulting dispersion was
applied with a squeegee knife to the surface of fibrous materials until a homogeneous continu-
ous coating layer was obtained.

Drying. Duration 60 minutes at 100C.

Formation of a sorption element. A kind of "cassettes" were made from filled fibrous cloths
on a knitted basis by repeatedly folding and twisting the material and placing it in a plastic
lattice case.

Wastewater treatment with natural sorbents can be carried out by two methods - passing
water through a sorbent layer, or mixing water with a sorbent followed by separation [10].
Both methods have their advantages and disadvantages. Passing water avoids the stage of
separation of spent sorbent. The disadvantage of this method is the significant hydraulic re-
sistance of the finely ground sorbent layer. It is possible to reduce the resistance by using a
sorbent of coarse fractions, but then the area of the active absorbing surface is significantly
reduced. In the process of grinding natural sorbents, regardless of the size of the obtained
fraction, a certain amount of dusty product is formed, which is washed out with water at the
initial stage of processing. In this case, it is necessary to provide for the stage of water puri-
fication from finely dispersed sorbent.

The use of clay minerals through their introduction into the fibrous base will allow to re-
duce the hydraulic resistance of the sorbent layer without using a sorbent of coarse fractions,
which will not cause a decrease in the area of the active absorbing surface. The use of clay
minerals in the form of dispersions of water-soluble polymers will ensure the formation of a
dust-like product at the initial stage of processing, accordingly, there will be no need to purify
water from finely dispersed sorbent.

As the results of our research showed, a noticeable decrease in the concentration of heavy
metal ions (for example, Cr**, Fe*") occurs within 24 hours of processing in static conditions,
which does not contradict the results of experiments conducted by other authors [11; 12].

The presence of a fibrous base will allow combining sorption and filtering properties,
which will increase the efficiency of wastewater treatment. It is possible to use such an adsor-
bent for muddy drains without the threat of clogging of the adsorbent. Cleaning installations
can accommodate several sorption-filtering elements at the same time, which increases the ef-
ficiency of water purification. The cost of natural dispersed sorbents is small, it is impractical
to regenerate spent sorbents, since the cost of regeneration will be much higher than the cost of
a new sorbent.

At enterprises, the main role in water supply is played by return water supply systems [13].
At the same time, the water repeatedly evaporates, heats, cools, aerates, repeatedly contacts the
cooling surface and gradually becomes more mineralized. Often, water quality deteriorates,
mechanical pollution and corrosion products gradually accumulate, which can lead to the dep-
osition of mineral salts on the walls of pipes and equipment. Therefore, to restore water quality,
the circulating water supply system is fed with fresh water. In normal recirculating water supply
systems that do not have specific contaminants, it is possible to prevent the increase in miner-
alization of recirculating water by cleaning with coagulants and flocculants. The water used for
cooling systems through the walls of the heat exchange equipment should not contain hydrogen
sulfide or iron, an excess of suspended matter. In addition, corrosion resistance of heat exchange
equipment and communications is ensured only with an optimal narrow pH range and a low
salt content in water. For such systems, it is recommended to adjust the pH of the circulating
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water, as well as take measures to reduce the salt content. Depending on the quality of the source
water and the requirements for the quality of the consumed water, part of the total consumption
of recycled water may undergo additional purification.

Therefore, it is possible to offer created fibrous materials with sorption properties for use
in return water supply systems to reduce water pollution by mineral salts, in particular, iron
salts, which will reduce the risk of depositing mineral salts on the walls of water purification
equipment and ensure the high-quality operation of water purification facilities.

Conclusions. An algorithm for the technological process of creating chemisorption com-
posite materials based on waste chemical fibers filled with clay powders has been developed.
Filling with clay powders makes it possible to improve the sorption capacity of the material due
to the increase of the specific surface area and the phenomenon of chemoadsorption on the
active centers of clay minerals, which will increase the efficiency of wastewater treatment of
light and chemical industry enterprises.

Applying a 3% dispersion of polyvinyl alcohol or a 2-3 % dispersion of starch on a fibrous
base with the introduction of 5% clay of the montmorillonite type helps to obtain materials with
increased sorption capacity. The introduction of highly dispersed particles of clay minerals into
the fibrous base, as chemosorbents, will allow combining absorption and filtering properties.

Wastewater treatment with natural sorbents can be carried out by passing water through a
sorption-filtering element. The use of clay minerals through their introduction into the fibrous
base will reduce the hydraulic resistance of the sorbent layer, which will not lead to a decrease
in the area of the active absorbing surface. The use of clay minerals in the form of dispersions
of water-soluble polymers will ensure the formation of a dust-like product at the initial stage of
processing, accordingly, there will be no need to purify water from finely dispersed sorbent.

The fibrous base will allow combining sorption and filtering properties, which will increase
the efficiency of wastewater treatment. It is possible to use such an adsorbent for muddy drains
without the threat of clogging of the adsorbent. Cleaning installations can accommodate several
sorption-filtering elements at the same time, which increases the efficiency of water purification.
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3ACTOCYBAHHS BOJIOKHUCTUX MATEPIAJIIB I3 COPEHIMHUMMU
BJIACTHUBOCTSAMMU B TEXHOJIOT'IAX BOJOOYUIIEHHSA

Pospobneno ancopumm mexuonoeiunozo npoyecy OmpUuManHs XeMocopoyitiHo2o KOMNO3UYIiHO20 MAmMepiany Ha OCHO8I
810X0016 XIMIYHUX 8010KOH, HANOBHEHUX 2IUHONOPOUKAMU, OIS OYULEHHS CIMTYHUX 800 610 I0HI8 8ANCKUX Memaiig. 3a OCHO8Y
6 pobomi 6yIu BUKOPUCTNAHI HEMKAHT MAMEPIATU, OMPUMAHL 3 6i0X00L6 NONIYPeMaH-nOTIAMIOHUX XIMIYHUX 80JIOKOH. {15 nio-
CUNICHHS MEXAHIYHOL MIYHOCMI IX CKPINII0BANU 20IKONPOOUBHUM MEMOOOM 3 MPUKOMANICHUM NOJOMHOM 3 NOBEPXHEBOI0 WYib-
nicmio 240 2/m?, aixe 6y10 6U20MOBICHO NAAMOGAHUM NEPENLEMEHHAM 3 GUKOPUCIAHHAM 6AG0GHAHOT NPAIC 3 NININHOTO Wilb-
nicmio 25 Texc ma noniemunenogux KOMIILEKCHUX HUMOK Jinitnoio winvnicmio 16,5 Texc na oOHogoumypHiil Kpyeog'szanvHii
mawuni muny MC. [lna niocunenns copbyiiinoi 30ammocmi 00 8010KHUCMOL OCHOBU 8600UNUCL NOPOUIKU 2TTUH MOHIMMOPUTIO-
HIMO06020 MUny y 8uensadi HanogHeHux oucnepciii kpoxmanio (2-3 %) uu nonigininogozo cnupmy (3 %) 6 kinvkocmi 6io 5 0o 10
% 610 macu oucnepcii.

Copbyilino—@inbmpyeanvbHull 0OIOKHUCMUL MAMEPIAL, HANOSHEHU IUHUCTUMU MIHEPATAMU, Modice Oymu 8UKOpucma-
HUUl OJIs OYUWEeH L CIIYHUX 800 NIONPUEMCING NIe2KOi I XIMIUHOI NPOMUCIO80CMI. 3ACMOCY8AHHA 2IUHUCMUX MIHEpalié Yepe3
6B€0€HHs1 IX Y BOJIOKHUCHTY OCHOBY 00360]UNMb 3HUZUMU 2i0OPAGNIYHULL ONip Wapy copOeHmy, He GUKOPUCTOBYIOYU COpOenm epy-
bux gparxyiil, wo 36epedice niousy akmughoi noziunaiouoi nogepxui. ObpodKa cmiuHux 600 Modice 30IUCHIOBAMUCS NPONYCKAH-
HAM 800U uepe3 copOyiuno-ginempyeanvhuti eremenm. Ouuwysanbri YCMano8Ky MOXICYmMb 6MIuyeamu no OeKilbka copo-
YIIHO-hinbmpysanvHux enemMenmié OOHOYACHO, WO NIOBUWYE edekmusHicms 8000oyuuenus. Moowaueo 3acmocysanus
XeMOCopOYitiHO20 KOMNOSUYITIHO20 Mamepiany ONisl OUUWeHHS 3aMYTeHUX cmoKie be3 3a2posu 3a0usanHs aocopbenma, ma 6
cucmemax 360pomHO20 800ONOCMAYAHHSA, WO IMEHWUMb PUSUK GIOKIAOAHHS MIHEPATLHUX COlell HA CMIHKAX 80000YUCHO20
00n1a0HaHH: | 3a0e3neyums AKICHY pobomy OUUCHUX CHOPYO.

Knrwuosi cnosa: mexrnono2ii 600004uneHts; XeMOCOpOYIIHUTL KOMNOUYILIHULL Mamepial, copoyitiHo-ghinbmpyeanbHull
efleMenm,; HemKaHi Mamepianu,; eAUHUCMI MiHepanu, KpOXmab, NONiiHiN08ull cnupm.
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