
* Corresponding author.

Presented at the XIV Scientific Conference Membranes and Membrane Processes in Environmental Protection – MEMPEP 2023, 21–24 June 2023, 
Zakopane, Poland

1944-3994/1944-3986 © 2023 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2023.30173

316 (2023) 574–582
December

Research on structural and process properties of polysulfone membranes 
modified by CuO

Maciej Szwasta,b,*, Daniel Polaka,b, Ilana Perelshteinc, Aharon Gedankenc, Andrzej 
Krasińskia, Michał Stora,d, Wojciech Piątkiewiczb, Wojciech Fabianowskie

aFaculty of Chemical and Process Engineering, Warsaw University of Technology, Poland, email: maciej.szwast@pw.edu.pl (M. Szwast) 
bPolymemtech sp. z o.o., Poland 
cDepartment of Chemistry, Institute of Nanotechnology and Advanced Materials, Bar-Ilan University, Israel 
dDoctoral School, Warsaw University of Technology, Poland 
eMilitary Institute of Chemistry and Radiometry, Poland

Received 31 August 2023; Accepted 31 October 2023

a b s t r a c t
One of the problems associated with conducting a membrane filtration process is the accumulation 
of undesirable material on the surface of membranes. The deposited layer can significantly increase 
the resistance of the membrane, which leads to a reduction of the process efficacy. In many cases, the 
service life of the membranes is also reduced. One type of contamination that can accumulate on the 
surface of membranes are biological species (i.e., microorganisms). The process is called biofouling 
and can lead to a biofilm formation, which constitutes an integral layer resistant or completely invul-
nerable to many commonly used cleaning techniques. Various microorganisms, including bacteria, 
fungi and algae, proliferate and colonize the available surface of the membranes. Adhesion to the 
surface is enabled by secreted components known as extracellular polymeric substances, thanks to 
which a biofilm is formed on the surface. In order to reduce the intensity of biofouling, the mem-
branes are subjected to various modification techniques. One of the modification techniques is the 
addition of particles with antimicrobial and anti-biofouling properties to the polymer at the stage 
of membrane production. In this study, copper oxide (CuO) was used as an antimicrobial material, 
which was added, as a nanopowder, to a polysulfone solution. From the prepared membrane-form-
ing solution, flat ultrafiltration membranes were produced using the wet phase inversion method. 
The secondary solvent was the ultrapure water. The aim of the conducted research was to produce 
membranes with anti-biofouling properties and to characterize them in terms of structural and pro-
cess characteristics. Anti-biofouling properties were determined using microbiological techniques 
based on standard test methods, appropriately adapted to obtain a representative result for typi-
cal realistic working conditions of separation material. Typical Gram-positive and Gram-negative 
bacteria found in the aquatic environment were selected for the study. Scanning electron micros-
copy, porosimetry and contact angle analysis were used to determine the structural properties. 
While characterizing the process properties, the filtration coefficient and the permeate flux change 
during the filtration process on an aqueous solution of bovine serum albumin were determined. 
Ultrafiltration membranes with pores 0.05–0.07 µm and permeability of 170 dm3/m2/h·bar have been 
obtained. Membranes have antibacterial properties against Escherichia coli and Staphylococcus aureus.
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