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STUDY OF PROPERTIES OF MEMBRANES
BASED ON CARBOXYMETHYL CELLULOSE AND CHITOSAN

One of the promising directions is the obtaining of biodegradable nanocomposite membranes, which allow to achieve
a high level of purification and do not pollute the environment after their using. Anionic polyelectrolyte — Na-
carboxymethyl cellulose with molecular weight M,, ~ 90000 and cationic polyelectrolyte — low molecular weight
chitosan were used to create these membranes. Polymeric membranes were formed by mixing aqueous solutions of
chitosan hydrochloride and Na-carboxymethylcellulose in different ratios. For study of the mechanical properties of
membranes based on natural polymers such as chitosan and Na-CMC, the membranes were tested by the AG-Xplus
apparatus by breaking. It was established that the membranes based on chitosan and Na-CMC have high mechanical
strength. They can withstand a pressure of more than 5 atmospheres without damage. This makes it suitable for using
in various conditions, including industrial ones. A barometric device was used to test the effectiveness of the obtained
membranes. The study was conducted at different pressures (3, 4, 5 atm). It was established that membranes based
on polyelectrolyte complexes with a stoichiometric ratio of anionic and cationic polyelectrolytes were the most
productive.
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Introduction. Among a number of modern water purification technologies, membrane technologies occupy a
leading position. This is primarily due to their high efficiency and environmental friendliness. This especially applies
to the obtaining of biodegradable nanocomposite membranes that can be used in a wide variety of fields, including
pharmaceuticals, food industry, and medicine [1-11]. Non-toxicity, biocompatibility, as well as high biological
activity are the main characteristics of such materials, which are very important in today's conditions, when the volume
of wastewater, waste, and pollutants increase annually.

Experimental part. For creating of polymer membranes based on polyelectrolyte complexes, an anionic
polyelectrolyte — Na-carboxymethyl cellulose (Na-CMC) with a molecular weight of My, ~ 90000 (a product of Merck
company); cationic polyelectrolyte — chitosan of low molecular weight, degree of deacetylation ~ 85 %,
M., ~ 50,000 — 190,000, a product of the Aldrich company were used.

Protonation of amino groups of chitosan was performed by adding HCI to its 5% aqueous solution until complete
dissolution (pH = 6,8).

Polymer membranes were formed by mixing aqueous solutions of chitosan hydrochloride (CS-Cl) and Na-CMC
in different ratios.

For study of the strength of the membrane based on natural polymers such as chitosan and Na-CMC, the
membranes were tested on mechanical properties by the AG-Xplus apparatus by breaking. This test allows to
determine such membrane characteristics as tensile strength, elongation at break and modulus of elasticity.

To check the efficiency of the obtained membranes, they were tested in a barometric installation at different
pressures (3, 4, and 5 atm). The turbidity and color indicators were determined using a photoelectric concentration
CFC colorimeter-2MP.

78  —

© The Author(s) 2024. Published by Igor Sikorsky Kyiv Polytechnic Institute. This is an Open Access article
distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2024. Ne 4 (23)

Results and their discussion. For researching of mechanical properties of the membrane, which was applied on
the paper base with a diameter of 12 cm, is compared with a simple paper (Fig. 1). It was established that mechanical
stress of ordinary paper is 11 N/mm? and noticeable deformation is 2.2 %. At the same time, the paper base, which
has a membrane coating, increased mechanical indicators in several times, namely mechanical stress was 36 N/mm?
and the deformation was 4 %. Such result can be explained by interacting of Na-CMC and chitosan and forming of
complexes which have high strength and elasticity.
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Fig. 1 — Mechanical properties

In the study influence of different factors was also learned on mechanical properties of membranes based on
chitosan and Na-CMC. In particular, it was established that tensile strength of membranes increases with increasing
of concentration of chitosan in the membrane. In addition, the tensile strength of the membranes also increases with
increasing of membrane synthesis temperature.

These results testify that mechanical properties of membranes based on chitosan and Na-CMC are possible
regulated by changing the composition and conditions of membrane synthesis. It opens prospects for the development
of membranes with improved mechanical properties which will be suitable for a wide range applications.

To check the effectiveness of the obtained membranes, they were tested on a barometric device at different
pressures. Membranes based on polyelectrolyte complexes with a stoichiometric ratio of anionic and cationic
polyelectrolytes proved to be the most productive. The degree of water purification was checked by indicators of color
and color selectivity (Fig. 2), as well as indicators of turbidity and turbidity selectivity (Fig. 3).

From Fig. 2 it can be seen that the selectivity increases at increasing of the duration of cleaning. It can be explained
by the fact that at long-term cleaning, the pores of the membrane become clogged, and its permeability decreases,
while the cleaning efficiency increases.

On Fig. 2 and 3 we can see that the selectivity increases at increasing of the duration of cleaning. This is explained
by the fact that with prolonged cleaning, the pores of the membrane are clogged and its permeability decreases, while
the cleaning efficiency increases.

Further, graphs of specific productivity at 4, 5, 6 atmospheres are plotted. The specific productivity (Fig. 4, 5, 6)
decreases steadily at 3, 4, 5 atm, which is associated with clogging of the membrane pores.
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Conclusions. Thus, as a result of the researching, it was established that the membranes based on chitosan and
Na-CMC have high mechanical strength. They can withstand a pressure of more than 5 atmospheres without damage.
This makes it suitable for using in various conditions, including industrial ones.

The cleaning efficiency of the obtained membranes based on chitosan and Na-CMC is also high. The turbidity
selectivity of the membranes increases with increasing of cleaning duration. This indicates that the membranes remove
more effectively pollutants from the solution during long-term cleaning.
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Oscanxina B. 0., /lemuenxo B. JI., Xoxomea O. I1., Kpucenxo T. B., IOpycenxo M. B.

JOCJIJIKEHHA BJACTUBOCTEI MEMBPAH HA OCHOBI
KAPBOKCHUMETHMJINEJIIOJIO3U I XITO3AHY

3 KOJICHUM POKOM CROJNCUBAHHS 800U 30LILULYEMBCSL, T, SIK HACTAIOOK, 30LIbULYEMbCS KITbKICMb SIK NOOYMOGUX, MAaK i
npomucnosux cmiynux 600. CyuacHi mexnonozii 6000ni020mosKy ma 60000YUWCHHS! NOBUHHI Oymu He MilbKu
BUCOKONPOOYKMUBHUMU, A U eKONOTYHUMU. TOMY OOHUM i3 NEPCREKMUSHUX HANPAMKIE € OMPUMAHHS OIOPO3KNAOHUX
HAHOKOMNO3UMHUX MeMOPAaH, SKI 003601510Mb 00CASMU BUCOKO20 PI6Hs OYUWEHHST 600U MA He 3a0pYOHIOIMb

HABKOMUWMHE cepedosuuje Nicis iX 6uKopucmawuHs. [[is cmEOpeHHs yux mMemopan 6UKOPUCMOBYEAIU AHIOHHUL
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noaierekmponim — Na-kapooxcumemuiyenonosy 3 MoaekyaapHor macoio M., ~ 90000 i kamionnuil nonierexmponim
— HU3bKOMOJNeKYAApHUU Ximo3san. Ilonimepui memoOpanu Qopmysanru wWasAXoM 3MIiULy8aHHA B0OHUX PO3UUHIE
2iopoxnopudy ximosany ma Na-kapboKcumemuayenono3u 8 pisHux cnie8ioHoweHHsX. [ 00CAi0NCeHHA MEXAHTUHUX
sracmusocmeli MemMOpaH HA OCHOBI NPUPOOHUX NOJAiMepis, Maxkux AK Xximosau i Na-kapboxkcumemunyenonosd,
Membpanu sunpobogysanu na pospus na anapami AG-Xplus. []eti mecm 0036015€ 8uU3HAYUMU MAKT XAPAKINEPUCTRUKU
MeMbpanu, K MiyHiCb HA PO3PUE, NOOOBICEHHS NPU PO3PUET A MOOYIb RPYIHCHOCMI. Bcmanosineno, wo membpanu
Ha 0cHo8i Ximosany ma Na-kapooKcumemunyemnonio3u mMarms UCOKY Mexaniuny miynicms. Bonu b6e3 nowkooddicens
BUMPUMYIOMb MUCK NOHAO 5 ammocgep. L]e pobums ix npudamuumu 0 6UKOPUCMAHHS 8 DISHUX YMOBAX, 8 MOMY
yucai npomucnogux. J[na nepesipku egexmueHoCmi OMpuMaHux Memopan GUKOPUCMOBY8AU OApOMempuyHull
npunad. Jlocniodcenus npoeoounu npu piznux mucxax (3, 4, 5 amm). Bcmanoeneno, wo naibinbut npoOyKmusHUMU €
MeMOpaHu Ha OCHOBI NONIEEKMPOTTMHUX KOMNIEKCI8 3i CIexXioMemputHuM Ci68iOHOUEHHAM AHIOHHUX | KAMIOHHUX

nonaierekmponimie. Cmyninb ouuyeHus 600U Nepesipsanu 3a NOKASHUKAMU KOAbOPOBOCMI MA KALAMYMHOCHIL.

Kniouogi cnosa: ouuwenns 600u, nogicaxapuo, noiereKmpoaimuuil KOMIIeKc, noaimepHa memopana, cmpykmypa,
MeXaHiyHi 81aCMU8oCcmi, CMyniHb OYUUEHHS
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