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Abstract

This article investigates the potential of modified cellulose acetate-based composite filter
materials for the effective removal of dyes, colloidal substances, and organic pollutants from textile
industry wastewater. Composite filter materials based on diacetylcellulose were prepared using
various organo-inorganic components, including titanium dioxide, silicon dioxide, activated carbon,
and chitosan. The effects of the type, concentration, and ratio of modifiers on the porosity, water
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permeability, sorption capacity, and mechanical strength of the filter materials were studied.
Structural and morphological analyses demonstrated that the formation of a homogeneous porous
structure in the composite materials enhances the efficiency of filtration and sorption processes.
Based on the experimental results, an optimal composition containing diacetylcellulose, plasticizer,
fillers, TiO,, activated carbon, and chitosan was proposed. The obtained filter materials were tested
in dye baths, confirming their high adsorption properties, mechanical stability, and potential for
long-term operation. The optimal porosity was found to be within the range of 60—-70 %, providing
a favorable balance between purification efficiency and filtration rate. The developed composite
filter materials were evaluated as promising materials for textile wastewater treatment, water reuse,
and reduction of environmental pollution. The relationship between composition—structure—property
was identified as a key factor governing the sorption and filtration characteristics of the materials.
The obtained results demonstrate the potential application of modified cellulose acetate-based filters
in industrial enterprises to reduce wastewater color and organic pollution, improve the economic
efficiency of treatment processes, and contribute to reducing water scarcity.

AHHOTanusA

B cratbe ucciiefoBaHa BO3MOXKHOCTb TPUMEHEHUs] MOAU(DULIMPOBAHHBIX KOMIIO3ULIMOHHBIX
GUBTPYIOLMX MaTepuajioB Ha OCHOBe aleTaTles/uitoo3bl  Aas  3¢h@deKTUBHOrO  yAaneHus
KpacureJsiel, KOJUIOUAHBIX U OPraHUYeCKUX 3arps3HSOLINX BeIeCTB U3 CTOUHBIX BOJ, TEKCTUIbHOU
TIPOMBILLIZIEHHOCTH. Ha OCHOBe /ualieTaTLie/l/It0/103bl ToMy4YeHbl KOMIIO3ULIMOHHbIE (DUIBTPYIOLIIMe
Marepuasbl C HCIOJb30BaHUEM pPa3/IMYHbIX OPraHO-HEOPraHWYeCKUX KOMIIOHEHTOB, BKJ/IHOYAst
JWOKCH], TUTaHa, JUOKCHUJ KPeMHMS, aKTUBUPOBAHHBIM YrO/lb M XUTO3aH. V3yueHO BIMsIHME BUJQ,
cofep)KaHusi U COOTHOLIeHUs]  MOAWGMULIMPYIOL[MX  KOMIIOHEHTOB  HAa  IOPHCTOCTb,
BO/IOTIPOHUIIAEMOCTh, COPOI[MOHHYIO CIOCOOHOCTD M MeXaHWMUeCKYH) TMPOYHOCTb (DUIBTPYIOLIUX
MaTepuasnoB. Pe3ynbTaTbl CTPYKTYPHbIX U MOpP(OJIOTUYECKUX HWCCAeJOBaHUM TOKa3aau, uTo
(hopMHpOBaHHEe OFHOPOAHOM MOPUCTON CTPYKTYPhI KOMIIO3UI[MOHHBIX MaTepHasioB CIIOCOOCTBYeT
TOBBIIEHUIO 3PPEKTUBHOCTH TIPOLeCcCoB (punbTpaumy U copbiun. Ha OCHOBaHMU TOTy4YeHHBIX
5KCIIePUMEHTA/IbHBIX ~ Pe3y/bTaTOB  MpeJJIOKeH ONTMMAJbHBIM  COCTaB  KOMIIO3ULIMOHHOTO
Marepuana,  BK/IIOUAKOLMHA  [MALeTaTUe/UIIoIosy, — TlacThdukarop, — Hamomuutend,  TiO,,
aKTMBHMPOBAaHHBIM yroib M XuTo3aH. [lojmyueHHble QUIBTPYIOIIME MaTepuajibl MUCIbITaHbI B
yC/IOBUSIX KpPaCWIbHBIX BaHH, UTO TOATBEPAWIO WX BBICOKME a/COPOLIMOHHBIE CBOWCTBA,
MeXaHWUeCKyH) CTa0WIbHOCTb W BO3MO)KHOCTb [IIUTEILHOW 3KCIutyataryu. OnTuMarbHast
MOPUCTOCTb MaTepuanoB coctaBuina 60-70 %, mpu KOTOpOM 00eCreurBaeTCsl paljiOHaIbHBINA
Ganmanc Mexay 3(hGdeKTUBHOCTBI0O OUMCTKM W CKOPOCTbIO  (unbTpaumu. Pa3paboTaHHbIe
KOMITO3WLIMOHHbIe (UIBTPYIOLLMe MaTepuasrbl MOTYT pacCMaTpyBaThCsl KakK IepCreKTUBHbIE
MaTepuasnbl [Ji7Ii OUUCTKA CTOYHBIX BOJ TEKCTUIbHOW TMPOMBIIIEHHOCTH, TIOBTOPHOTO
WCIT0/Tb30BaHUsI BOZbI U CHYD)KEHUS 9KOJIOTHUUYeCKOW Harpy3kKu. YCTaHOB/IEHa B3aUMOCBSI3b «COCTaB—
CTPYKTypa—CBOMCTBO», OIpezessitoliass CopOLMOHHbIE ¥ (DUIBTPALIMOHHBIE XapaKTePUCTUKU
MarepuanoB. [lonyueHHble pe3ynbTaTbl CBUJETENBCTBYKOT O MEPCIeKTUBHOCTA TPHMEHeHUs
MO/M(HULIMPOBAaHHBIX alleTaTLe//IF0/I03HbIX (PUIBTPOB Ha MPOMBIILIEHHBIX MPeANPUSATHIX
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Introduction

Today, along with the rapid development of the textile industry, the effective treatment and
reuse of wastewater generated during production processes is one of the important environmental
challenges. Textile enterprises consume large amounts of water during dyeing, washing, bleaching,
and finishing processes, resulting in the formation of wastewater containing dyes, organic
compounds, salts, and other pollutants [3; 4; 7].

Various methods, including coagulation-flocculation, adsorption, oxidation, flotation, and
membrane filtration, are widely used for textile wastewater treatment. However, due to the complex
composition of wastewater and the presence of different types of pollutants, the use of a single
treatment method does not always provide the required purification efficiency [3;7]. In particular,
adsorption and membrane filtration are considered promising approaches for the removal of dye
compounds from wastewater [4—6].

During the adsorption process, activated carbon, silicon dioxide, zeolites, and various carbon-
based materials are widely used as effective adsorbents. These materials can remove dye molecules
due to their porous structure and developed specific surface area [4; 6]. Membrane technologies
make it possible to separate suspended particles and dissolved components based on membrane
pore size and selective permeability. However, membrane fouling, service life, and operating costs
remain important limitations in the application of these technologies [1; 5].

From this perspective, the use of cellulose acetate as a polymer matrix is considered a
promising approach. Modification of cellulose acetate-based filter and membrane materials with
various modifiers makes it possible to control their porosity, water permeability, mechanical
strength, and sorption properties. Recent studies have demonstrated the potential of cellulose
acetate-based fibrous and nanofibrous materials for the removal of dyes, including methylene blue,
from aqueous media [2].

At the same time, incorporation of organic and inorganic components such as TiO,, SiO,,
activated carbon, and chitosan into a cellulose acetate matrix can improve the functional properties
of composite materials. Such components play an important role in increasing the number of
adsorption sites, developing the porous structure, and improving the mechanical stability of filter
materials [4; 2; 8].

The aim of this study is to evaluate the applicability of modified cellulose acetate-based
composite filter materials for the effective removal of dyes, colloidal substances, and organic
pollutants from textile industry wastewater.
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The study focuses on determining the filtration and sorption properties of modified cellulose
acetate composite filters, evaluating their wastewater treatment efficiency, determining the optimal
porosity of the filter material, and assessing their applicability under dye-bath conditions. Based on
the experimental results, the optimal composition and practical potential of the developed
composite filters for textile wastewater treatment were evaluated.

Materials

The materials used in this study included diacetylcellulose as the polymer matrix, titanium
dioxide (TiO,), silicon dioxide (SiO,), chitosan, activated carbon, and plasticizer as the main
modifying components. Textile industry wastewater and dye-bath wastewater were used as the
objects of the study. The selected organic and inorganic components were used to prepare modified
cellulose acetate-based composite filter materials with controlled porous structures and improved
sorption and filtration properties.

Research Methods

Experimental investigations were carried out throughout the study. The composition,
physicochemical, structural, and filtration properties of the developed modified cellulose acetate-
based composite filter materials were investigated using appropriate analytical methods. Fourier-
transform infrared (FTIR) spectroscopy was used to identify the functional groups and chemical
interactions between the components. Scanning electron microscopy (SEM) was employed to
examine the surface morphology and porous structure of the composite filter materials. The
porosity, water permeability, water absorption, swelling, and mechanical strength of the obtained
materials were determined using standardized experimental procedures. The purification efficiency
of the composite filters was evaluated using textile industry wastewater and dye-bath wastewater.
The changes in the main wastewater quality parameters before and after filtration were analyzed to
determine the effectiveness of the developed filter materials. The experimental data were processed
using mathematical and statistical methods to determine the optimal composition and operating
characteristics of the composite filter materials.

Results and Discussion

Several types of cellulose acetate were selected as binders for the preparation of composite
filter materials. Cellulose acetate is characterized by good film-forming ability, chemical stability,
and mechanical properties. It is readily soluble in organic solvents such as acetone, ethanol, and
methylene chloride.

To improve the porosity, mechanical strength, and sorption properties of the cellulose acetate-
based filter materials, Si0,, TiO,, activated carbon, and chitosan were incorporated into the
composition. SiO, contributes to structural stabilization and the formation of a stable porous
structure. TiO, contributes to the functional properties and structural modification of the material.
Activated carbon, due to its high sorption capacity, contributes to the removal of organic
compounds and dyes from wastewater, while chitosan enhances the sorption properties through its
functional amino groups.
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The composite filter materials were prepared under laboratory conditions. Cellulose acetate
was dissolved in an organic solvent and stirred continuously at 40-50 °C to obtain a homogeneous
solution. The solution was then maintained under vacuum for 20-30 min to remove entrapped air
bubbles. Polyethylene glycol (PEG) was added at a concentration of 5 wt.% as a plasticizing and
pore-forming component. The pre-prepared SiO,, TiO,, activated carbon, and chitosan were then
introduced in predetermined amounts and mixed uniformly for 10-15 min.

The resulting composite mixture was poured into molds and dried at 25-60 °C by evaporating
the solvent to obtain film-like filter materials. The developed materials exhibited high porosity,
good mechanical strength, and enhanced sorption properties.

The incorporation of the selected fillers improved the water permeability, sorption
characteristics, and operational stability of the materials. Based on the experimental results, optimal
compositions of the composite filter materials for textile wastewater treatment were selected.

The optimal compositions of the developed composite filter materials for textile wastewater
treatment are presented in Table 1.

Table 1.
Optimal composition of the developed composite filter materials for textile wastewater
treatment
Components Composition of components, wt.%
CFM- 1 CFM -2 CFM -3

Diacetylcellulose 100 100 100
Polyethylene glycol (PEG) 5 5
Titanium dioxide (TiO,) 8-
Silicon dioxide (SiO,) 10
Chitosan 8 6 4
Activated carbon 10 10 10

To determine the chemical structure of the composite filter material and the effect of the
fillers incorporated into its composition, Fourier-transform infrared spectroscopy (FTIR) analysis
was performed (Fig. 1).
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Figure 1. FTIR spectra of cellulose acetate-based composite materials filled with activated
carbon, chitosan, TiO,, and SiO,

The analysis of the spectra showed that the broad absorption band observed in the range of
3200-3500 cm™ corresponds to hydroxyl (~OH) groups and is associated with the hydroxyl groups
present in cellulose acetate and SiO,. At the same time, the broadening and increase in intensity of
the band in this region indicate the formation of hydrogen bonds between the components. The
absorption bands observed at around 1600-1650 cm™ are attributed to amino (-NH,) groups of
chitosan, confirming the presence of the biopolymer in the composite material. The band in the
range of 1730-1750 cm™ corresponds to carbonyl (C=0) groups characteristic of cellulose acetate
and indicates that the main polymer matrix is retained in the composite. The strong absorption
bands observed in the 1000-1200 cm™ region are attributed to silicon—oxygen (Si—O-Si) bonds,
confirming the presence of the SiO, filler. The bands in the 700-900 cm™ range are attributed to
titanium—-oxygen (Ti-O) bonds, indicating the incorporation of TiO, nanoparticles into the
composite. In addition, absorption bands corresponding to aromatic C=C bonds were observed in
the 1500-1600 cm™ region, which can be associated with the presence of activated carbon.

The FTIR spectral analysis results fully confirmed the presence of cellulose acetate, chitosan,
Si0,, TiO,, and activated carbon in the composite material. The shifts of the absorption bands and
changes in their intensity indicate the occurrence of interactions between the components, including
hydrogen bonding and physical interactions. This indicates the formation of a stable structure in the
composite material.

To investigate the surface morphology of the composite materials, scanning electron
microscopy (SEM) analysis was performed (Fig. 2). According to the obtained results, the pure
cellulose acetate sample exhibited a relatively smooth and homogeneous surface. A low number of
pores and a densely packed structure were observed.
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Figure 2. SEM images of cellulose acetate-based materials: (a) pure cellulose acetate; (b)
cellulose acetate composite material containing activated carbon, chitosan, TiO,, and SiO,

SEM analysis revealed clear differences in the surface morphology of pure and modified
cellulose acetate materials. The pure cellulose acetate sample (Fig. 2a) exhibited a relatively smooth
and homogeneous surface with a dense structure and a low number of visible pores. After
incorporation of activated carbon, chitosan, TiO,, and SiO,, the surface morphology changed
considerably (Fig. 2b), showing a rougher and more porous structure with an increased number and
size of pores. The inorganic particles were relatively uniformly distributed throughout the polymer
matrix, while the incorporation of chitosan contributed to the formation of additional active sites on
the surface. These morphological changes are favorable for improving the sorption and filtration
properties of the composite material.

The efficiency of cellulose acetate-based composite filter materials is largely determined by
their porous structure and permeability. Porosity directly affects the ability of the material to
transport liquids and gases and is closely related to the internal structure, filler distribution, and
interactions between the components.

In this study, the porosity and permeability of filter materials based on different types of
cellulose acetate were comparatively investigated. The total porosity was determined using the
pycnometric method based on the actual and theoretical densities of the materials in accordance
with GOST 28513-90. The permeability characteristics were evaluated by determining the volume
of liquid or gas passing through the filter material per unit of time under a specified pressure.

The results obtained for filter materials based on monoacetate, diacetate, and triacetate
cellulose demonstrated that the type of cellulose acetate significantly affects the structural and
filtration properties of the materials. Among the investigated samples, the diacetate cellulose-based
material exhibited the most favorable combination of porosity and permeability, indicating a more
suitable porous structure for filtration applications. In contrast, triacetate cellulose showed
comparatively lower permeability, which was associated with its denser structure and lower
porosity. Based on these results, diacetate cellulose was selected as the optimal polymer matrix for
the subsequent preparation of modified composite filter materials.

28



Ne 9 (150) UTNELYHEM%SE%P(AQE HAYKM ceHmsiOpb, 2026 2.
Table 2.
Porosity and filtration properties of cellulose acetate-based filter materials
Ne Material properties Monoacetate cel- | Diacetate cel- | Triacetate cel- | Determination method
lulose lulose lulose
1 Porosity, % 38+1.2 45+ 1.4 30£1.0 GOST 18898-89
2 Permeability, cm?¥/s 0.70 £ 0.03 0.90 £ 0.04 0.60 £ 0.03 GOST 3584-73
3 Density, g/cm? 1.18 £ 0.02 1.20 £ 0.02 1.28 £ 0.03 GOST 28513-90
4 Water absorption, % 20+ 0.8 18 +0.7 12+0.6 Gravimetric method
5 Average pore diameter, 10+ 0.5 14+ 0.7 8+ 0.4 | Microscopic analysis
Hm
6 Filtration efficiency, % 82+1.5 88+1.3 80+ 1.6 | Experimental method

Values are presented as mean + standard deviation (SD), n = 3.

The main practical performance of the developed composite filter materials was evaluated
based on their ability to reduce the major pollutants present in textile wastewater. Particular
attention was paid to color intensity, chemical oxygen demand (COD), biochemical oxygen demand
(BOD), and suspended solids, as these parameters are important indicators of wastewater quality.

Textile wastewater was treated using the developed CFM-1, CFM-2, and CFM-3 composite
filters. The changes in the main wastewater quality parameters before and after filtration were
compared. The results obtained for the three filter compositions are presented in Table 3.

Table 3.
Changes in the main quality parameters of textile wastewater after filtration
Parameter Before treatment CFM-1 CFM-2 CFM-3
Color intensity, % 100+ 1.0 18+ 0.8 12+ 0.6 15+0.7
COD, mg/L 620 £ 12 145 +5 105+4 125+5
BOD, mg/L 210+ 6 52+3 38+2 45+3
Suspended solids, mg/L 1855 32+2 24 +1 28 +2

Values are presented as mean + standard deviation (SD), n = 3.

The results presented in Table 3 indicate that all developed composite filter materials
substantially reduced the main pollution parameters of textile wastewater. The most pronounced
purification effect was observed for CFM-2, which reduced color intensity from 100 % to
approximately 12 %, COD from 620 to 105 mg/L, BOD from 210 to 38 mg/L, and suspended solids
from 185 to 24 mg/L.

The higher efficiency of CFM-2 can be associated with the balanced ratio of the modifying
components in its composition. The combination of activated carbon, SiO,, TiO,, and chitosan
provides favorable conditions for the retention of dye molecules, suspended particles, and organic
pollutants. CFM-1 and CFM-3 also demonstrated significant purification efficiency, although their
overall performance was somewhat lower than that of CFM-2.

Thus, the comparative results suggest that CFM-2 represents the most promising composition
for the treatment of textile wastewater, providing a favorable combination of filtration and sorption
properties. The developed composite filter materials can therefore be considered promising for
further practical application in textile wastewater treatment.
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Conclusion

The results of this study demonstrate the potential of modified cellulose acetate-based
composite filter materials for the treatment of textile industry wastewater. Among the investigated
cellulose acetate types, diacetate cellulose showed the most favorable filtration characteristics, with
a porosity of 45 %, permeability of 0.90 cm?/s, and filtration efficiency of 88 %, and was therefore
selected as the polymer matrix.

The incorporation of SiO,, TiO,, activated carbon, and chitosan into the cellulose acetate
matrix improved the functional properties of the developed composite filters. Comparative
evaluation of CFM-1, CFM-2, and CFM-3 showed that the composition and ratio of the modifying
components significantly affected the filtration performance.

Among the developed materials, CFM-2 demonstrated the most favorable overall purification
performance, showing a greater reduction in color intensity, COD, BOD, and suspended solids
compared with the other compositions. This effect can be attributed to the balanced composition of
the polymer matrix and functional fillers, which provides favorable filtration and sorption
properties.

Overall, the developed modified cellulose acetate-based composite filters, particularly
CFM-2, demonstrate considerable potential for textile wastewater treatment and may serve as a
basis for further optimization and practical application.
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