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APPLICATION OF POLYVINYL ALCOHOL TO IMPROVE
THE FILTRATION PROPERTIES OF CELLULOSE MEMBRANES

Pollution of water resources by organic, biological, and inorganic substances is one of the most pressing environmental issues of today.
Ultrafiltration membranes ensure the effective removal of viruses, bacteria, colloidal particles, and macromolecules, and play a key role in water
purification technologies. However, the use of synthetic polymeric materials in membrane production poses a disposal problem due to their non-
biodegradable nature.

This study investigates the potential use of a cellulose-based filtration material derived from annual plants, specifically Miscanthus
giganteus stems. The cellulose was obtained via an oxidative organosolv delignification method using hydrogen peroxide and glacial acetic acid.
An environmentally friendly reagent citric acid was employed as a catalyst. Prior to membrane formation, the cellulose fibers were treated with
an amination mixture containing epichlorohydrin and triethanolamine in a 1:1 ratio. Various amounts of polyvinyl alcohol, ranging from 10% to
40% by the weight of absolutely dry fiber, were added to the cellulose pulp, which enabled the formation of a stable hydrophilic matrix with
enhanced mechanical properties. The study examines the effect of polyvinyl alcohol content on the physicomechanical characteristics of the
membranes, such as bursting resistance, breaking force, and wet strength. Optimization of technological parameters was carried out based on a
full factorial experimental design.

The research results showed that the optimal polyvinyl alcohol content is 20% of the absolutely dry fiber weight, which ensures a
balance between coloration selectivity and productivity filtration process. Thus, the use of polyvinyl alcohol for the modification of cellulose
membranes derived from organosolv miscanthus cellulose contributes to enhancing their efficiency and environmental sustainability in water
treatment technologies.
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TPEMBYC IPUHA, TAIIOHIOK AHHA
HanionansHuii TeXHIYHIN yHIBepcUTeT YKpaiHu
«KuiBcpKuit momiTeXHiYHUIA iHCTUTYT iMeHi [ropst CikopchKoro»

BUKOPUCTAHHS IMOJIBIHIJIOBOI'O CITUPTY JJISA IOKPAIIEHHSA ®LJIbTPYBAJIBHUX
BJACTUBOCTEM LEJIOJIO3HUX MEMBPAH

3abpyonenns 600HUX pecypcié OpeaHiuHumu, OIONOSIYHUMU MA HEOPSAHIYHUMU DPEYOBUHAMU € OOHIEN 3 HAUOINbUL AKMYATbHUX
exono2iunux npobiem cyvacrhocmi. Yiempagirnempayiini memopanu 3abesneuyioms egekmuene SUOANeHHs Gipycie, Oaxmepill, KOIOIOHUX
YACMUHOK MA MAKPOMONEKYIL Ma idiepaiontb 6adxiciusy poib y MexHON02IAX ouuujeHHs oou. Ilpome UKOPUCAHHA CUHMEMUYHUX NOTIMEDHUX
mamepianie y upooHUYmMei memopar cmeoproe npobnemy ix ymunizayii' y 363Ky 3 He30amuicmio 00 0iopo3KIAOHOCMI.

V oaniii pobomi 0ocniodxceno moxcnugicms BUKOPUCAHHS YENIOIOZHO20 PLIbMPYEAIbHO20 MAMEPIALY, OMPUMAHO20 3 OOHOPIYHUX
pociun, a came cmeben mickanmycy. Llenonosy 6yn0 ompumano OKUCHO-OP2AHOCOTLEEHMHUM CROCOOOM OenicHiikayii, 3 6uUKOpUCMAHHAM
nepoxcudy 600HI0 Ma NbOOAHOI 0Yymoeoi Kucromu. B axocmi kamanizamopa UKOpucmano exono2iuno Oesneunull peacenm, a came JTUMOHY
kucnomy. Ilonepeonvo yenonosmi 6onokuna 6yno obpobreno aminyiouolo Cymiwuio, aKa Micmumy enixaopeiopun ma mpuemaHoramin y ix
cniggionowenni 1:1. B yenonosny macy oodaganu pisni gumpamu norigininoeoeo cnupmy 6io 10% oo 40% 6io macu abconomno cyxo2o 6010KHa,
wo 3abesnewye ymeopenHs cmaodinbHoi 2i0poginbHOT Mampuyi 3 GUCOKUMU MEXAHIYHUMU NOKASHUKAMU. Y POOOMI po32naHymo enaue eumpamu
NOJiGININ08020 Chupmy HA QI3UKO-MeXAHIUN XapaKmepucmuky Memopan, maxi sAK onip npooasoeantio, pyinisne 3yCuuis ma 601020 MiyHiCnb.
IIpogedero onmumizayiio MexHON0IYHUX NAPAMEMPI6 HA OCHOBI NOBHO20 PAKMOPHOL0 eKCHePUMEHTY.

Pe3synbmamu docniodcens noKazanu, wo onmumMaibHa eumpama noaisininosozo cnupmy cmanosums 20 % 6i0 macu abconomHo cyxo2o
80I0KHA, W0 3a6e3neuye bANaHC MIHC CeNeKMUBHICIIO NO KOJbOPOBOCHI ma npodykmusHicmio npoyecy @irompayii. Takum 4uHoM, BUKOPUCAHHS
NoiGININe8020 cnupmy O MOOUGIKayii YerrOI03HUX MeMOPAH OMPUMAHUX 3 OP2AHOCOTLEECHMHOL YENI0I03U 3 MICKAHMYCY CRPUSE NIOGUUEHHIO
ixnvoi echexmugnocmi ma exon02IYHOCHI Y 6000OUUCHUX MEXHONOLISX.

Kniouosi cnosa: nonigininosuil cnupm, opeaHocoib8eHMHA Yenrno3d, Moouikayis 6010KHA, MeXAHIUHI NOKAZHUKU, CeleKMUBHICTb,
nPoOOYKmMuHicmy
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Formulation of the problem
Pollution of freshwater by organic, biological, and inorganic substances is among the most critical
environmental challenges of the 21st century [1-2]. Ultrafiltration membranes play a key role in modern water
treatment technologies, ensuring the effective removal of viruses, bacteria, colloidal particles, and macromolecules
[2-4]. However, the majority of membranes are produced from synthetic polymeric materials, which, although
resistant to physicochemical degradation, are non-biodegradable in the natural environment. This contributes to the
accumulation of plastic waste and intensifies its negative impact on ecosystems [4].
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This necessitates the development of filtration materials based on environmentally friendly and
biodegradable substances. Cellulose is the most abundant natural polymer and possesses several advantages, including
high strength, thermal stability, hydrophilicity, and biodegradability. Particular attention is given to cellulose derived
from annual plants (such as straw, flax, corn, and miscanthus), which represents a low-cost, annually renewable, and
widely available raw material that promotes the advancement of resource-efficient technologies [5—10].

Analysis of recent sources

Recent studies have demonstrated that cellulose-based materials can be effectively used in the fabrication of
filtration membranes with enhanced mechanical and sorption properties [5, 8, 11-12]. Additional functionality of such
systems is provided by polyvinyl alcohol (PVA) a hydrophilic synthetic polymer that is biocompatible, non-toxic, and
biodegradable, with its structural formula shown in Fig. 1. PVA is a water-soluble polymer with pronounced
hydrophilic and film-forming properties, attributed to the presence of hydroxyl groups and C—C bonds in its

macromolecular chain [13].
fron—ns
OH

Fig.1. Structural formula of polyvinyl alcohol [13]

Composites based on PVA and cellulose exhibit improved stability and form a homogeneous structure, while
maintaining high permeability and selectivity of the filtration material [14-19].

Thus, the development of ultrafiltration membranes based on cellulose derived from annual plants and
polyvinyl alcohol represents a promising research direction that combines purification efficiency with environmental
safety.

Formulation of the article's goals

The aim of this study is to investigate the effect of polyvinyl alcohol content on the physicomechanical and

filtration properties of a modified cellulose membrane fabricated from organosolv miscanthus-derived cellulose.
Presenting main material

Oxidative organosolv cellulose derived from miscanthus was used in this study. It was obtained using acetic
acid and hydrogen peroxide, with citric acid serving as a catalyst, which enabled the effective removal of lignin and
hemicelluloses [20]. The cellulose was refined to a beating degree of 94+ 2 °SR and modified with an amination
mixture consisting of epichlorohydrin and triethanolamine in a 1:1 ratio. The dosage of the amination mixture was
40% relative to the absolutely dry fiber weight. The prepared fibrous pulp was thoroughly mixed with the amination
mixture and placed in a TS-20 thermostat at 40 °C for 60 minutes. Stirring was performed every 10 minutes to ensure
uniform distribution of the aminating agent throughout the cellulose mass.

H,C—CH,—0H
O‘“x
|/GH-GH2§'J—H20 CH;—OH + Cell—OH
H,C
HzC—CH,—OH
40 °C
H,C—-CH,—OH
H>
Cell-0—C —CH;—CH; §'J_HEC—CHE—OH
OH H,C—CH,—0H

Fig.2. Reaction of cellulose with the aminating mixture
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Following fiber modification, and prior to the fabrication of the filtration material using an LA-2 sheet-
forming device, polyvinyl alcohol (PVA) was introduced into the fiber suspension at dosages ranging from 10% to
40% based on the oven-dry fiber weight. The mixture was homogenized through thorough agitation to ensure uniform
incorporation of PVA within the cellulose fiber network.

The obtained samples of the filtration material were evaluated for mechanical strength and filtration
performance using a non-flow (dead-end) filtration cell with a model solution of sodium humate at a concentration of
100 mg/dm?. The initial color intensity of the solution ranged from 1642 to 1688 degrees.

The results of the study on the physicomechanical properties of the filtration material are presented in Fig. 3.
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Fig.3. Effect of PVA dosage on the strength characteristics of the filtration material: a) — bursting resistance; b) — breaking force; c¢) —
wet strength of the cellulose membrane
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As shown in Fig. 3(a), increasing the PVA dosage in the material composition leads to a 17% increase in
bursting resistance compared to the corresponding material without PVA. This effect can be attributed to the formation
of additional bonds between PVA molecules and the modified cellulose fibers, which enhances the mechanical
stability of the membrane.

An increase in PVA dosage also results in improved breaking force, as shown in Fig. 3(b). This can be
attributed to the formation of a uniform matrix by PVA, which effectively binds the fibers and enhances their
mechanical strength. A similar trend with increasing PVA content is observed for the wet strength of the cellulose
material (Fig. 3(c)). This behavior can be explained by the hydrophilic nature of PVA, which promotes water retention
within the membrane structure while simultaneously providing resistance to mechanical stress under wet conditions.

Based on the filtration of the model sodium humate solution through the cellulose membranes, the color
selectivity and membrane productivity were determined (Fig. 4).
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Fig.5. Effect of PVA dosage on a) selectivity for coloration; b) productivity of the filtration material: m — 10%, ¢ — 20%, A —30%, ® — 40%.
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As shown in Fig. 4(a), increasing the PVA dosage up to 20% of the absolutely dry fiber weight leads to an
increase in selectivity for coloration. This can be attributed to enhanced intermolecular interactions between the fibers
and PVA molecules, resulting in a denser membrane structure that improves contaminant retention. However, a further
increase in PVA dosage to 30-40% leads to a slight decrease in selectivity, which may be due to oversaturation of the
fiber suspension with polymer. This, in turn, can result in the formation of an excessive polymer film on the membrane
surface, thereby reducing its filtration performance.

Figure 4(b) illustrates that increasing the PVA content up to 20% results in a noticeable decrease in membrane
flux. A further increase to 30-40% (based on oven-dry fiber weight) leads to a continued decline in performance,
which can be attributed to the densification of the membrane matrix and a concomitant reduction in pore size,
ultimately limiting the membrane's permeability.

To derive mathematical relationships between the quality indicators of the filtration process and the effect of
PVA dosage on the properties of the filtration material, a full factorial experiment of the 22 type was conducted. The
key technological parameters considered as independent variables influencing filtration performance were: PVA
dosage, % (x1), and filtration time, min (x2). The following parameters were selected as optimization criteria: Y1 —
residual coloration of the permeate, degrees; Y2 — volume of filtered permeate, mL.

Statistical processing of the experimental data resulted in the following regression equations, which
adequately describe the dependence of the output variables on the selected technological factors:

. Mathematical model for the residual coloration of the permeate (degrees):
Y1 =+250-10.74x1 — 16.55'x2 + 0.87 x1°x2 + 26.212-x:% — 0.42857 - x2?
. Mathematical model for the volume of filtered permeate (mL):

Y2=+74.814 - 14.58'x1 — 16.4x2 + 3.6 x1'X2 — 7.2°x:2 + 8.5714-x2?

The optimal point x; (opt) corresponds to the factor levels at which the best values of Y; are achieved. In
natural units, the optimal values of the factors are: xi (PVA dosage) = 20%, x: (filtration time) = 120 minutes.

Analysis of the obtained regression equations indicates that the main process factors, x: and x2, have negative
linear coefficients. Therefore, increasing the PVA dosage (x1) and the filtration time (x2) leads to improvements in the
specified permeate quality indicators. Moreover, filtration time (x2) has a more significant impact on permeate quality
than PVA dosage (x1).

The permeate quality indicators calculated using the obtained regression equations at the optimum point are
as follows: residual coloration Y1 = 237.93 degrees; permeate volume Y2 = 69.52 mL. The optimal values of color
selectivity and permeate flux are achieved at a PVA dosage of 20% based on the absolutely dry fiber weight, which
ensures both effective filtration performance and mechanical stability of the material.

Conclusions

The use of polyvinyl alcohol contributes to the improvement of the filtration properties of cellulose
membranes derived from miscanthus-based cellulose. It was determined that the optimal PVA dosage is 20% of the
absolutely dry fiber weight, which enhances the physicomechanical properties and improves the overall filtration
performance.
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