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As a by-product of the dairy industry, whey contains valuable protein fractions, whose 
utilization is increasingly important. Ultrafiltration/diafiltration (UF/DF) is an effective 
membrane technology for the concentration and purification of whey proteins, allowing 
selective enrichment of proteins relative to other components. Determining optimal filtration 
parameters and thoroughly analyzing fraction compositions are crucial for process efficiency. 
Our experiments aim to analyz     e the filtration and purification efficiency of UF/DF using 
various analytical methods. In preliminary experiments, the contents of raw whey were 
analytically determined. In the initial filtration step, whey proteins were concentrated via UF 
(with a 10 kDa PES membrane), followed by more steps DF of the recovered retentate. During 
DF, distilled water was added to the concentrate and the volume reduction ratio values (VRR=3) 
were adjusted to the UF stage. After the different filtration steps, we analyzed the fractions 
using the same analytical methods and compared the compositional changes with the dielectric 
properties of the samples. Results of this study provided a comprehensive overview of the 
component distribution during UF and DF of whey, with a particular focus on increasing 
protein concentration possibilities. In addition, by monitoring changes in dielectric behaviour, 
we were investigating a possible new method for monitoring the filtration process. Our results 
may contribute to the optimisation of membrane technology processes and the development of 
final products with high protein content. Moreover, in order to reduce membrane fouling, we 
are also investigating the incorporation of a 3D printed turbulence promoter to improve UF 
filtration efficiency. 
 
Acknowledgments: This study was supported by the 142414 FK and 2022-1.2.6-TÉT-IPARI-
TR-2022-00011 projects from the National Research, Development, and Innovation Office 
(NKFI), Hungary. 
 

 

  

15



22nd Wellmann

Conference

16



17



2025

202

18



III

2025

202

Szegedi 

Szent-

2

Program

830 1000 Regis

1000 1010

1010 1100 Ple

Dr. 

- A
korszakot nyitnak

Biomimetika 

P folyamatos

1100

1220 1500

1400

folyamatos

A konferencia ideje alatt az Informatika T K l

19



3

S , Szegedi , 

Dr. , 

,

Room: 

1100 1120 Szepesi- -

1120 1140 , Besbas Mohamed El-Amine

-

1140 1200

A Rhizomucor pusillus -

1200 1220

Egy alfa- Lichtheimia
ramosa-

1220 1240 Nagy Rita, 
Greff Babett

1240 1340

1340 1400 Varga Krisztina Mariann, 

Arthrospira platensis Chlorella vulgaris

1400 1420

1420 1440

1440 1500 , 
Szabolcs

1440 1500 , 
Szabolcs

2025

20



2025

KONFERENCIA ABSZTRAKT

202

Szegedi 

Szent-

1

:

6724 Szeged, .

:

Prof. Dr. 

Szerkesztette:

Prof. Dr. 

Prof. Dr. 

ISBN:

978-963-688-052-1

21



2

Tu

Prof. Dr. 

Prof. Dr. 

Prof. Dr. 

Prof. Dr. Livia Cveticanin

Dr. Farkas Ferenc

Dr. Kocsis Bence
-Laufer Edit

Dr. habil. 

Sz

Dobozi

Kiss Magdolna

Dr. 

Zsolnai-Csenki Dorottya Zsuzsanna

11

ELJÁRÁSOKKAL

1,2 3 3 2

Szabolcs3

1

Iskola
2

3

e-mail: dobozireka@mk.u-szeged.hu

ABSZTRAKT

-

-
almat Kjeldahl-

gy 

-

-FK-142414 
-1.2.6- -IPARI-TR-2022-

22



23



24



   31st International    
Symposium on Analytical and 

Environmental Problems

Szeged, Hungary
October 13-14, 2025.

University of Szeged

Final Program

25



31st International Symposium on Analytical and Environmental Problems 
 

2 
 

Supporting Organizations 
Hungarian Academy of Sciences 

 
Institute of Pharmaceutical Analysis, University of Szeged 
Department of Molecular and Analytical Chemistry, University of Szeged 
 
General information 
The Symposium features recent findings from leading industrial and academic experts in 
analytical chemistry and environment-related problems.   
 
Symposium Chairman: 

Sc, professor of chemistry   
University of Szeged, Institute of Pharmaceutical Analysis 
 
Honorary Chairman:  

, honorary professor 
University of Szeged, Department of Molecular and Analytical Chemistry 
 
Organizing Committee: 

DSc 
, associate professor 

University of Szeged, Department of Molecular and Analytical Chemistry 
, associate professor 

University of Szeged, Institute of Pharmaceutical Analysis 
 
Scientific Committee: 

 
 

 
Daniela Sojic Merkulov, PhD, full professor  
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and 
Environmental Protection 
 
  

31st International Symposium on Analytical and Environmental Problems 
 

3 
 

TIMETABLE 
Monday 
1000 1010: Opening Ceremony 
1010 1200: Oral Presentations: Session I 
1140 1300: Coffee Break 
1300 1440: Oral Presentations: Session II 
1440 1630: Poster Session: Poster presenters are asked to hang up their posters between 
830 1000 Monday, and remove them after 1630.   
 
Tuesday 
1000 1140: Oral Presentations: Session I 
1140 1300: Coffee Break 
1300 1450: Oral Presentations: Session II 
1450 1630: Poster Session: Poster presenters are asked to hang up their posters between 
830 1000 Tuesday, and remove them after 1630.    
 
 
Oral presentations 
The length of oral presentations is 10 minutes. The organizers recommend reserving 1 2 
minutes for questions and discussion. Due to the increased number of presenters, we kindly 
ask for strict adherence to the assigned time in order to keep the schedule on track. 
Presentations may be prepared in ppt(x) or pdf format. We recommend using a 16:9 slide 
format for best visibility. Please bring your presentation on a USB stick and upload the file 
before the session begins. The organizers would appreciate it if you could send your 
presentation in advance to the conference e-mail address. Please note, however, that the 
maximum file size that can be accepted is 8 MB. For file identification, please use the 
following format: Surname_Firstname_Presentation_Day (Monday or Tuesday). 
 
Poster presentations 
On both sides of the poster stands, two posters can be displayed. The available area for each 
poster is 120 cm in height and 70 cm in width. Poster presenters are kindly asked not to 
exceed the allocated space. Double-sided tape will be provided for mounting the posters. 

on the homepage. Poster presenters are kindly requested to be present and available to 
discuss their results during the Poster Sessions. 
 
 
 
 

26



31st International Symposium on Analytical and Environmental Problems

7

Oral Presentations: Tuesday Session II

Session Chair: University of Szeged, Institute of Pharmaceutical Analysis)

1300-1310

LIFE CYCLE ASSESSMENT OF MATERIALS USED FOR PORTAL FRAME PRODUCTION

Sladjana Jovanovic, Vladimir Mucenski, Boris Agarski

1310-1320

THROUGH PROCESS INTENSIFICATION

1320-1330

SELENIUM NANOPARTICLES CONJUGATED WITH Scutellaris barbata D. Don
POLYSACCHARIDES: SYNTHESIS, OPTIMIZATION, STRUCTURAL CHARACTERIZATION AND
EVALUATION OF ANTI-HEPATOMA ACTIVITY IN VITRO 

Rong Shan, Jun Liang, Xiaoyi Xu, Yongkui Yi, Hui Yuan, Xiaoyan Gao, Qingxue Zhao, Gaochen Son

1330-1340

OPTIMIZATION AND DEVELOPMENT OF THE RELIABLE HPLC-DAD METHOD FOR THE 
ANALYSIS OF RESVERATROL IN GRAPES

1340-1350

BINDING AND PARTITIONING BEHAVIOR OF KETOPROFEN WITH SURFACTANTS: 
INFLUENCE OF POLOXAMER 188 AND 407 IN PREFORMULATION STUDIES

1350-1400

INVESTIGATING THE ENHANCED THERMAL RESISTANCE OF SUSTAINABLE MICA/PA11 
COMPOSITES VIA THERMOGRAVIMETRIC ANALYSIS

1400-1410

GEOSPATIAL ASSESSMENT OF SOIL DETERMINANTS DRIVING THE DISTRIBUTION AND 
INVASION RISK OF ASCLEPIAS SYRIACA ACROSS HUNGARY

1410-1420

PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE AND RHODAMINE 6G USING G-
C3N4/TiO2 NANOCOMPOSITES SYNTHESIZED BY HYDROTHERMAL METHOD FOR 
ENVIROMENTAL PROTECTION

Asefa Mekonen, Mikl s Szil

1420-1430

COMPUTATIONAL FLUID DYNAMICS SIMULATION OF MEMBRANE FOULING MITIGATION 
USING 3D PRINTED TURBULENCE PROMOTERS
Aws N. Al-

COMPUTATIONAL FLUID DYNAMICS SIMULATION OF MEMBRANE FOULING MITIGATION 
USING 3D PRINTED TURBULENCE PROMOTERS
Aws N. Al-

31 International Symposium
on Analytical and Environmental Problems

Szeged, Hungary
October 13-14, 2025

University of Szeged

27



31st International Symposium on Analytical and Environmental Problems 

 
2 

 

 
 

Edited by: 
 

 
 

 
 
 

 
Publisher: 

University of Szeged, H-
Hungary 

 
 
 
 
 
 

ISBN 978-963-688-078-1  
 
 
 
 
 
 
 
 

2025. 
Szeged, Hungary  

31st International Symposium on Analytical and Environmental Problems 

 
3 

 

 

The 31st International Symposium on Analytical and  
Environmental Problems 

 
Organized by: 

 
 

Supporting Organizations 
Hungarian Academy of Sciences 

 
Institute of Pharmaceutical Analysis, University of Szeged 

Department of Molecular and Analytical Chemistry, University of Szeged 
 

Symposium Chairman: 
 

 
Honorary Chairman: 

 
 

Organizing Committee: 
 

professor of chemistry 
University of Szeged, Institute of Pharmaceutical Analysis 

 
associate professor 

University of Szeged, Department of Molecular and Analytical Chemistry 
 

associate professor 
University of Szeged, Institute of Pharmaceutical Analysis 

 
Scientific Committee: 

 
 

 
Daniela Sojic Merkulov, PhD 

full professor  
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and 

Environmental Protection  

28



31st International Symposium on Analytical and Environmental Problems

93

COMPUTATIONAL FLUID DYNAMICS SIMULATION OF MEMBRANE 
FOULING MITIGATION USING 3D PRINTED TURBULENCE PROMOTERS

Aws N. Al-Tayawi1,2 3 3 3*
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Abstract
Filtration systems are fundamental to water treatment, where achieving an optimal balance 
between effective contaminant removal and sustainable operation is essential. Computational 
Fluid Dynamics (CFD) offers a powerful approach for simulating fluid behavior within these 
systems, allowing researchers to assess and optimize design parameters prior to experimental 
validation. In this study, CFD simulations were conducted on a laboratory-scale ultrafiltration 
unit (Millipore), configured to process 100 mL of dairy wastewater. The setup comprised 
several key components: a plastic mesh, a filter membrane, a 3D-printed flow promoter, and a 
rotating magnetic stirrer. A static pressure of 2 bar, applied via nitrogen gas at the liquid surface, 
was used to drive filtration. The primary objective was to characterize the hydrodynamic 
behavior of the system, with emphasis on flow patterns, pressure distribution, and shear stress 
profiles. Results revealed that the plastic mesh and Millipore filter were the principal sources 
of hydraulic resistance, with the greatest pressure drop occurring across these elements. The 
rotating stirrer improved mixing efficiency, while shear stress analysis identified localized 
high-stress regions. Notably, the integration of the 3D-printed spacer enhanced permeate flux 
and reduced overall resistance, highlighting its potential for improving ultrafiltration 
performance.

Keywords: Computer Fluid Dynamics, Mitigation Membrane Fouling, Turbulence Promoters, 
Ultrafiltration.
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Abstract 
Whey is a high-volume by-product of dairy processing, rich in valuable proteins, lactose, and 
minerals, yet its utilization remains limited in many regions due to challenges related to shelf 
life, transport, and processing infrastructure. Membrane-based separations such as 
ultrafiltration (UF) and diafiltration (DF) offer chemical-free, low-energy routes for valorizing 
whey streams, but their efficiency depends not only on the nominal molecular weight cut-off 
(MWCO) of the membranes, but also on fouling dynamics and concentration polarization 
phenomena. In this study, sweet whey was subjected to UF combined with up to four constant-
volume DF steps using polyethersulfone (PES) membranes with MWCOs of 10, 30, and 50 
kDa. Retention of chemical oxygen demand (COD) and lactose was determined, and the 
evolution of total hydraulic resistance (RT) and its components  membrane resistance (RM), 
reversible resistance (RREV), and irreversible resistance (RIRR)  was evaluated. Results showed 
that COD retention closely followed lactose concentration changes, with strong correlations (r 

COD trends. UF exhibited clear 
MWCO-dependent retention (10 kDa > 30 kDa > 50 kDa), whereas during DF the sharpest 
decline occurred in the first diafiltration cycle (DF1), due to dilution-induced disruption of the 
concentration polarization layer and reduction of RREV. Beyond DF2, resistance stabilized and 
the separation performance of the 30 and 50 kDa membranes converged, indicating that 
hydrodynamic control outweighed nominal MWCO differences. For the 10 kDa membrane, 
irreversible fouling became more prominent in later DF steps, increasing RT. Overall, the first 
DF cycle resulted in the greatest removal of dissolved components with low molecular weight, 
while subsequent cycles contributed to a diminishing extent to the removal of these fractions, 
but further increased the purity of the protein fraction remaining in the retentate. These findings 
suggest that optimal industrial strategies should apply a limited number of DF steps and 
carefully consider fouling mechanisms to balance efficiency, product quality, and resource use. 
 
Introduction 
The dairy industry represents one of the largest and technologically most diverse sectors of the 
global food chain. During processing, it generates substantial by-product streams, particularly 
whey, with an annual production of approximately 180 190 million tons. Although whey 
contains considerable amounts of high biological value proteins, lactose, and minerals, it 
remains underutilized in many regions due to its short shelf life, geographically and seasonally 
fluctuating generation profile, and the lack of local valorization capacities. This underutilization 
results in both environmental burdens and economic losses [1]. With the growing emphasis on 
circular economy principles and sustainable food supply models, there is an increasing demand 
for technologies that selectively exploit whey as a feedstock for producing high value-added 
components, while simultaneously reducing energy and water consumption as well as the 
overall carbon footprint [2]. 
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Membrane separation technologies most notably ultrafiltration (UF) and its combination with 
diafiltration (DF) , which generally avoid the use of chemicals and impose only mild thermal 
stress provide an industrially validated solution to this challenge. UF retains protein fractions, 
thereby enabling the production of whey protein concentrates (WPC) and isolates (WPI), 
whereas DF enhances the purity and stability of the retentate by removing small molecular 
weight permeating components such as lactose and minerals [3, 4, 5]. 
multiple DF cycles also modifies hydrodynamic conditions: dilution lowers ionic strength and 
viscosity, disrupts the concentration polarization (CP) layer formed during UF, and can thereby 
reduce reversible resistance while increasing flux [6]. This highlights that the efficiency of 
UF/DF separation is not determined solely by the nominal molecular weight cut-off (MWCO) 
of the membrane: permeate flux and separation selectivity are equally influenced by the 
dynamics of surface film formation and fouling, expressed as reversible resistance (RREV) and 
irreversible resistance (RIRR) [7].
Although the recovery of whey proteins via UF/DF and the conceptual and practical role of DF 
are widely addressed in the literature [3, 4, 8], only limited scientific studies are available that 
comprehensively evaluate both compositional parameter retention and the temporal evolution 
of total hydraulic resistance (RT) and its components namely membrane resistance (RM), and 
the aforementioned reversible resistance (RREV), and irreversible resistance (RIRR) over 
multiple DF cycles using membranes of different MWCO values. Joint analysis of membrane 
selectivity and resistance distribution is crucial for understanding how the outcome of 
separation is shaped by the interplay of membrane cut-off, fouling, and concentration 
polarization.
In this study, sweet whey was subjected to ultrafiltration combined with multiple diafiltration 
cycles using membranes with different molecular weight cut-offs. The process was monitored 
in terms of chemical oxygen demand (COD) and lactose retention, total hydraulic resistance 
(RT), and the relative contributions of membrane resistance (RM), reversible resistance (RREV), 
and irreversible resistance (RIRR). The aim was to quantitatively demonstrate that as DF
progresses, the outcome of separation is increasingly determined by the rearrangement of the 
resistance distribution and the extent of low molecular weight washing-out, while the influence 
of the nominal MWCO gradually becomes secondary.

Experimental
For the laboratory-scale membrane separation experiments, an ultrafiltration cell (Millipore, 
Germany
based on polyethersulfone (PES) and had nominal molecular weight cut-off (MWCO) values of 
10, 30, and 50 kDa. Before using, the membranes were preconditioned by soaking in distilled 

transmembrane pressure (TMP) of 2.5 bar and a stirring speed of 300 rpm. The initial feed 
consisted of 150 mL of sweet whey. During the ultrafiltration phase, the system was operated 
until a volume reduction ratio (VRR) of 3 was reached. This was followed by constant-volume 
diafiltration (DF), performed in up to four consecutive steps (DF1 DF4). At the beginning of 
each DF step, the retentate volume was restored to its original value (150 mL) by the addition 
of distilled water (approximately 100 mL). Sampling was performed at the end of each 
experiment from both the permeate and retentate fractions.
The organic matter content of the filtration fractions was determined as chemical oxygen 
demand (COD) using standard dichromate test cuvettes (Hanna Instruments, Hungary) 
followed by a spectrophotometric analysis. Lactose concentration was analyzed with a milk 
analyzer (Bentley Instruments, Inc., USA) operating with near-infrared (NIR) sensors. Based on 
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the compositional parameters of the permeate and retentate samples, retention values (R%) were 
calculated.
The extent of membrane fouling and the underlying mechanisms were evaluated using the 
resistance-in-series model. According to this model, the total hydraulic resistance consists of 
three components: membrane resistance (RM), reversible resistance (RREV), which is associated 
with the concentration polarization layer and loosely bound deposits removable by hydraulic 
rinsing, and irreversible resistance (RIRR), which persists even after rinsing.

Results and discussion
The results of the UF DF series were evaluated based on chemical oxygen demand (COD) and 
lactose retention (Figure 1), as well as the evolution of total hydraulic resistance and its 
components (Figure 2). The changes observed in COD retention during UF DF primarily 
reflected the behavior of the small molecular weight fraction (permeable to the membrane), 
particularly lactose, which is present in the highest concentration. This is because protein 
retention remained consistently high (85 88%) for all three tested MWCO membranes. This 
interpretation is supported by the fact that, for each membrane, a strong positive Pearson 
correlation was observed between COD

COD was primarily 
caused by the change in concentration of dissolved components washed out during diafiltration.

Figure 1. Distribution of resistances within the total resistance

During the UF phase, retention showed a clear MWCO-dependent pattern: COD retention for 
the 10, 30, and 50 kDa membranes was 66.2%, 59.2%, and 56.2%, respectively, while lactose 
retention was 44.3%, 37.6%, and 35.8% (Figure 1). In other words, membranes with smaller 
nominal cut-offs resulted in higher retention of organic matter and lactose. The monotonic 
decrease in retention with increasing MWCO is in agreement with previously documented 
trends in whey-based systems [3, 9].
Following UF, the absolute value of total resistance was high for all membranes tested, with 
the distribution of resistance components indicating dominance of the reversible fraction (RREV

UF a substantial concentration polarization (CP) 
layer formed on the membrane surface, restricting the free transport of small molecules and 
thus contributing to the high COD and lactose retention.
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After the first diafiltration step (DF1), COD retention dropped to ~53.4/42.2/42.1% for the 
10/30/50 kDa membranes, while lactose retention decreased to ~17.7/14.7/13.9%. This sharp 
change can be attributed to dilution induced by the water added during DF1, which reduced 
retentate concentration, ionic strength, and viscosity. Consequently, the concentration 
polarization layer that had developed during UF was likely loosened or partially collapsed [8]. 
As a result, total resistance and especially its reversible fraction decreased significantly, 
enabling enhanced migration of low molecular weight solutes to the permeate side [4, 5].

Figure 2. Evolution of COD and lactose retention across the different MWCO membranes

As diafiltration progressed (DF2 DF4), the further decreases in COD and lactose retention 
became more moderate. In parallel, the evolution of total resistance also stabilized: for the 30 
and 50 kDa membranes, no significant changes were observed after DF2, and during this stage 
the retention trends and the values of RT showed convergence. This indicates that as the process 
advanced, separation mechanisms were primarily governed by hydrodynamic factors and the 
transport of permeable components, while the influence of nominal MWCO differences 
diminished [4, 9].
In contrast, for the 10 kDa membrane it was evident that, alongside the relaxation and collapse 
of the CP layer, a more persistent (irreversible) protein/peptide deposit gradually developed, 
which in later DF stages led to renewed increases in RT. This observation is consistent with 
literature reports indicating that for membranes with tighter pore structures, fouling can play a 
more pronounced role as diafiltration progresses [6].
Taken together, these results demonstrate that separation performance and the purity of the 
retained protein fractions during DF were shaped by two main effects: (i) the solvent-driven, 
diavolume-proportional depletion of low molecular weight fractions from the retentate, and (ii) 
the hydrodynamic disintegration of the concentration polarization layer responsible for 
reversible resistance. The combined action of these two processes explains the sharp decrease 
in COD and lactose retention observed during DF1, the more moderate changes in both 
resistance and retention during subsequent DF stages, and the emergence of separation patterns 
for the 30 and 50 kDa membranes that became independent of nominal MWCO.

Conclusions
The UF DF experiments confirmed that COD and lactose retention are primarily determined 
by the removal of low molecular weight components and the hydrodynamic disintegration of 
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the CP layer. During the UF phase, a clear MWCO-dependent pattern was observed; however, 
as DF progressed, the separation behavior of the 30 and 50 kDa membranes became converged, 
indicating the dominance of hydrodynamic control. In contrast, for the 10 kDa membrane, the 
irreversible component of fouling became more prominent during the later DF stages. The DF1
step enabled the most substantial depletion of low molecular weight impurities (e.g., lactose, 
ions), while subsequent DF cycles produced diminishing incremental effects but nevertheless 
contributed to the purification of the retained protein fractions.
Our results suggest that for industrial applications it is advisable to apply a limited number of 
DF cycles, with careful selection of membrane type and cut-off value, while considering 
hydrodynamic factors and fouling mechanisms. These findings contribute to the optimization 
of whey-based membrane processes and may provide a basis for future studies on flux decline 
modeling and the development of cleaning strategies.
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RESISTANCE STRUCTURE AND SOLUTE REMOVAL PATHWAYS 
IN UF DF OF SWEET WHEY
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Whey is a high-volume by-product of dairy processing, rich in valuable proteins, lactose, and minerals, yet its utilization remains limited in many regions
due to challenges related to shelf life, transport, and processing infrastructure. Membrane-based separations such as ultrafiltration (UF) and diafiltration
(DF) offer chemical-free, low-energy routes for valorizing whey streams, but their efficiency depends not only on the nominal molecular weight cut-off
(MWCO) of the membranes, but also on fouling dynamics and concentration polarization (CP) phenomena. In this study, sweet whey was subjected to UF
combined with up to four constant-volume DF steps using polyethersulfone (PES) membranes with MWCOs of 10, 30, and 50 kDa. Retention of chemical
oxygen demand (COD) and lactose was determined, and the evolution of total hydraulic resistance (RT) and its components membrane resistance (RM),
reversible resistance (RREV), and irreversible resistance (RIRR) was evaluated. Results showed that COD retention closely followed lactose concentration
changes, with strong correlations (r 0.99), confirming that small, permeable solutes dominated COD trends. UF exhibited clear MWCO-dependent
retention (10 kDa > 30 kDa > 50 kDa), whereas during DF the sharpest decline occurred in the first diafiltration cycle (DF1), due to dilution-induced
disruption of the concentration polarization layer and reduction of RREV. Beyond DF2, resistance stabilized and the separation performance of the 30 and
50 kDa membranes converged, indicating that hydrodynamic control outweighed nominal MWCO differences. For the 10 kDa membrane, irreversible
fouling became more prominent in later DF steps, increasing RT. Overall, the first DF cycle resulted in the greatest removal of dissolved components with
low molecular weight, while subsequent cycles contributed to a diminishing extent to the removal of these fractions, but further increased the purity of
the protein fraction remaining in the retentate. These findings suggest that optimal industrial strategies should apply a limited number of DF steps and
carefully consider fouling mechanisms to balance efficiency, product quality, and resource use.

The Authors are grateful for the support provided by the Ministry of Culture and Innovation's University Research
Scholarship Program, financed by the National Research, Development and Innovation Fund -255-SZTE).
Furthermore, this study was supported by the 142414 FK and 2022-1.2.6- -IPARI TR-2022-00011 projects from the
National Research, Development, and Innovation Office (NRDI), Hungary.

The UF DF experiments confirmed that COD and lactose retention are primarily determined
by the removal of low molecular weight components and the hydrodynamic disintegration of
the CP layer. During the UF phase, a clear MWCO-dependent pattern was observed; however,
as DF progressed, the separation behavior of the 30 and 50 kDa membranes became
converged, indicating the dominance of hydrodynamic control. In contrast, for the 10 kDa
membrane, the irreversible component of fouling became more prominent during the later DF
stages. The DF1 step enabled the most substantial depletion of low molecular weight
impurities (e.g., lactose, ions), while subsequent DF cycles produced diminishing incremental
effects but contributed to the purification of the retained protein fractions.
Our results suggest that for industrial applications it is advisable to apply a limited number of
DF cycles, with careful selection of membrane type and cut-off value, while considering
hydrodynamic factors and fouling mechanisms. These findings contribute to the optimization
of whey-based membrane processes and may provide a basis for future studies on flux
decline modeling and the development of cleaning strategies.
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Millipore Solvent Resistant Stirred Micro- and Ultrafiltration Cell
(Merck Millipore in Darmstadt, Germany)
- Polyethersulfone (PES) membrane with a molecular weight

cut-off (MWCO) of 10, 30 and 50 kDa
- Active membrane surface area of 40 cm2

- Transmembrane pressure (TMP): 2,5 bar
- Stirring speed: 500 min-1 

Filtration unit 

UF/DF process (from industrial production)

Lactose concentration was analyzed with a milk analyzer 
(Bentley Instruments, Inc., USA) 
operating with near-infrared (NIR) sensors

Lactose content measurement

Colorimetric dichromate method using Hannah test cuvettes,
COD digestion thermoblock (2 hours at 150 C) and 
spectrophotometer (Lovibond, Germany)

Chemical oxigen demand (COD)

During UF, a substantial concentration 
polarization (CP) layer formed on the 

membrane surface, restricting the free transport 
of small molecules and thus contributing to the 

high COD and lactose retention.

During UF-DF2, the total resistance and especially its reversible fraction decreased significantly,
enabling enhanced migration of low molecular weight solutes to the permeate side.
After DF2, RT stabilized and showed convergence for the 30 and 50 kDa membranes, which
indicates that separation mechanisms were primarily governed by hydrodynamic factors and the
transport of permeable components, while the influence of nominal MWCO differences diminished.
For the 10 kDa membrane, RT increased alongside the relaxation and collapse of the CP layer, and a
more persistent (irreversible) protein/peptide deposit gradually developed.

Rejection rates

JSS  [kg h-1 m-2] permeate steady-state flux

JWA [kg h-1 m-2] water flux after filtration

JWB [kg h-1 m-2] water flux before filtration

TMP [Pa] transmembrane pressure

P [Pas] dynamic viscosity of the permeate at 25 C 

W [Pas] dynamic viscosity of the water at 25 C 

During DF steps, the decrease in retentions
was primarily caused by the dilution induced 
by the water added during DF steps, which 

reduced retentate concentration, ionic 
strength, and viscosity, thereby promoting the 
washout of low molecular weight components.

The changes observed in COD retention during 
UF DF primarily reflected the behavior of the 
small molecular weight fraction (permeable to 
the membrane), particularly lactose, which is 

present in the highest concentration. 
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Location: Hotel Continental Forum (Sibiu, Pia a Unirii 10) 
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 DEÁK Noémi 
 

Asszimmetrikus pincer típusú ligandumok el állítása 
 Synthetic pathways for obtaining non-symmetric pincer ligands

A troposzférikus ózon hatása a mez gazdasági terméshozamra a Csíki-
 medencében 
 The impact of tropospheric ozone on agricultural yield in the Ciuc Basin 

 

Félszintetikus, fluor tartalmú glikopeptid antibiotikum-származékok 
 veszélyes vírusok ellen 
 Semisynthetic fluorine containing glycopeptide antibiotic derivatives 
 against dangerous viruses

Platina(IV) alapú, gyulladáscsökkent  részeket hordozó daganatellenes 
 szerek fejlesztése 
  Development of Platinum(IV)-based Anti-Tumour Agents Carrying Anti 
 inflammatori Moieties

Vízoldható Pd(BQC) katalizátor mechanokémiai el állítása és 
 alkalmazása Suzuki-Miyaura kapcsolásban 
 Mechanochemical synthesis of water-soluble Pd(BQC) catalyst for 
 Suzuki�Miyaura coupling

Az A1 és az A2 -kazein hatása az ember egészségére 
 The effects of A1 and A2 -casein on human health

A tehéntej ízét, illatát és szagát befolyásoló tényez k a legel f re 
 alapozott tejtermelés esetén 
 Factors influencing the taste, aroma, and odor of cow�s milk in grazing 
 based dairy production 
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 Effect of semiconductor nanoparticles on different bacterial species

Perovszkit mikrokristályok fitotoxikológiai vizsgálata 
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 ökotoxikus hatásának vizsgálata 
 Investigation of the stability and ecotoxicity of lead-free Cs2SnI6 
 perovskite microparticles 

Tisztítószerek hatékonyságának vizsgálata savóval eltöm dött mikrosz rTisztítószerek hatékonyságának vizsgálata savóval eltöm
 membrán regenerálására  membrán regenerálására 
 Testing the effectiveness of detergents for regenerating a microfilter  Testing the effectiveness of detergents for regenerating a microfilter 
 membrane clogged with whey
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PES
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TESTING THE EFFECTIVENESS OF DETERGENTS FOR REGENERATING A MICROFILTER MEMBRANE CLOGGED WITH WHEY

TÍMEA Miklós1*, ECE Degirmenci1, HADID Sukmana1, DÁNIEL Tanács2, NÓRA Garabné Ábrahám2, ANDREA Süveges-Gruber2, GÁBOR Veréb1, 
ZSUZSANNA László1, SZABOLCS Kertész1*

1Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Moszkvai Blvd. 9, Szeged, Hungary

2 “UNICHEM” Chemical, Manufacturing and Trading Ltd.,

6760 Kistelek, út 3.

*timi.m0124@gmail.com

I. OVERVIEW: The research is connected to the membrane filtration of whey-containing waters generated during dairy processes to enrich the proteins. However, it is well known that the membranes – despite their excellent selective
separation properties – are significantly fouling or clogging, so regeneration is necessary for the sustainable use of the technology. Therefore, the goals of the present research was to investigate the cleanability of the whey-fouled polymer
(polyethersulfone) membrane to increase its service life, which is also important due to the environmental and economic benefits of the technology. For this purpose, the effectiveness of different detergents were investigated for cleaning
polymer membranes fouled with whey, which were developed in connection with an international TÉT project by UNICHEM Ltd.

II. MATERIALS AND METHODS

DAIRY WATERS:

MEMBRANE FILTRATION (Millipore XFUF07601)
PES MF membrane (0.22 pore size)

Vtotal=100 mL            Vpermeate=50 mL + Vretentate=50 mL (VRR=2) 

Model dairy water’s flux valuesAnalytical properties of detergents

IV. CONCLUSION
Two kind of detergents were investigated with increasing concentration (No.
1-4 and No. 5-8) as well as alkaline and acidic detergents (No. 9-10);
The alkaline agent cleared the pores faster and more efficiently than the acid;
The chemical No. 1 cleaned the pores the most in both cases (PES MF fouled
with model and real whey water) – fouled flux values increased 2.5 times;
In the case of fouling with real whey water detergent No. 3 was similarly
effective (flux increased 2 times);
Detergent No. 2 had no effect on a membrane fouled with model water, but
it was effective for cleaning real water from the pores (1.85 times higher flux);
Depends on a contact angle measurements, the investigated detergents
exerted their effect in the pores rather than on the surface: CA results are
similar with distilled water washed membranes surface, but the fluxes were
increased after chemical treatment – so pores cleared in varying degrees.

ACKNOWLEDGMENT:
The research was financed by the Hungarian National Research, Development and Innovation Office project with identification number of
2022-1.2.6-TÉT-IPARI-TR-2022-00011.

III. RESULTS

Contact angles of fouled membranes after chemical cleaning

CHEMICAL CLEANING
Detergenst were developed by Unichem Ltd. (HU)

Vcleaner

Produced/real whey water
Produced in SOLE-MIZO Ltd. factory, Szeged (HU)

Model whey water
6 g whey powder + 100 mL UP water

Produced dairy water’s flux values

Membrane: polyethersulfone, Labex Ltd., FilterBio® PES membrane filter, 
0.22 
Whey powder: BioTechUSA 100% pure whey protein drink powder (natural, 

unflavored)
COD measurements: Lovibond® MD200 COD Vario Photometer
pH measurements: HANNA Instruments, Portable pH Meter
EC, salt, TDS content: Voltcraft® KBM-90 Combination Measuring Device
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A Szegedi Tudományegyetem (SZTE) Mérnöki Karán (MK) számos projekt folyik jelenleg is a 

kapcsolatban. Például a Biológiai 

kialakuló áramlástani vis

eljárások használatának. Mindezek mellett a membrán modul mechanikai vibrációjának és az 

 

 ellenállásra, öregedésre).  

-

 
-termikus élelmiszer-feldolgozási technológiák 

ezdeti mikrobiális terhelésének 

, Kereskedelmi, Szolgáltató Kft. 

tása érdekében és a zöld-kémia elvek szigorú 
szabályainak betartása mellett.  

: 

- -142414 és 2022-1.2.6-
TÉT- - -2022- ából valósul meg. 
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kciók 

(UF) (DF) kombinált 
át, 

(PES) membrán (10, 30 és 50 
UF/DF eljárás szeparációs hatékonyságát a fehérje-

üzemben végeztük, 
(TMP) alkalmazása 

térfogatcsökkentési arány (VRR = 3) fenntartásával. A nyers savó és a
(retentátumok és permeátumok) összetételét közeli infravörös (NIR) spektroszkópiával 

-módszerrel végeztük. 
omos szenzorral ellátott 

-kémiai változások nyomon követésére.

kalmazása 

edése – a 
– szoros összefüggést 

mutatott a célkomponensek koncentrációjának változásával, ami arra enged következtetni, 
folyamat 

eredmények alapján átfogó képet kaptunk az UF és DF

összefüggésekre.

Köszönetnyilvánítás: A Kulturális és Innovációs Minisztérium Egyetemi 

57

Innovációs alapból -255-SZTE). Továbbá a 
-1.2.6-TÉT- - -2022-

50



51



52



1

XV. Környezetvédelmi Analitikai és Technológiai 
Konferencia

és

Programfüzet

Balatonszárszó, SDG Családi Hotel és Konferencia-központ

2024. március 6-8.

-összefoglalók

XVI. Környezetvédelmi Analitikai és 
Technológiai Konferencia 

Program és absztrakt kötet

Balatonszárszó, SDG Családi Hotel és Konferencia-központ

2025. november 5-7.

1

72

Támogatók

Kiállítók

53



2

XVI. Környezetvédelmi Analitikai és Technológiai 
Konferencia

és

64

Program és absztrakt kötet

MKE Környezet-analitikai és Technológiai Társaság 
MKE Élelmiszer-tudományi Szakosztály 
MKE Analitikai Szakosztály 
MKE Magyar Spektrokémiai Társaság 
MTA Spektrokémiai Munkabizottság 

Balatonszárszó, SDG Családi Hotel és Konferencia-központ

2025. november 5-7.

Magyar Kémikusok Egyesülete, 2025
ISBN 978-615-6018-35-9

3

3

XVI. Környezetvédelmi Analitikai és Technológiai Konferencia
és

Raisz Anikó , Energiaügyi Minisztérium

Konferencia társelnökök: 
• Simonné Sarkadi Livia, az MKE Tiszteletbeli Örökös Elnöke 
• Záray Gyula, az SKT Tiszteletbeli Elnöke 

MKE Környezet-analitikai és Technológiai Társaság 
• Braun Mihály 
• Buzás Ilona 
• Ágoston Csaba 
• Alapi Tünde 
• Domokos Endre 
• Horváth Krisztián 
• Maász Gábor 

MKE Élelmiszer-tudományi Szakosztály 
• Abrankó László 

MKE Analitikai Szakosztály 
• Adányiné Kisbocskói Nóra 
• Osváth Szabolcs 

MKE Magyar Spektrokémiai Társaság 
• Ziegler Ildikó 
• Baranyai Edina 

MTA Spektrokémiai Munkabizottság 
• Varga Imre Péter

• Berlinger Balázs

MKE Titkárság 
• Schenker Beatrix

• Szabó János Zoltán

4

54



12

12:10-12:30 

-Gruber Andrea, Veréb Gábor, 
László Zsuzsanna, Kertész Szabolcs

12:30-12:50

12:50-13:10 -

Szabó 

13:10-13:20 Zárszó

13:20-14:20 Ebéd

13

12:10-12:30 

-Gruber Andrea, Veréb Gábor, 
László Zsuzsanna, Kertész Szabolcs

59

O30

ONYSÁGÁNAK VIZSGÁLATA 
MEMBRÁN REGENERÁLÁSÁRA

Miklós Tímeaa a a b, Garabné Ábrahám 
Nórab, Süveges-Gruber Andreab, Veréb Gábora, László Zsuzsannaa, Kertész Szabolcsa

aSzegedi 
6725 Szeged, Moszkvai krt. 9, Szeged, Hungary

b”UNICHEM” Vegyipari, Kereskedelmi, Szolgáltató Kft.,

E-mail: timi.m0124@gmail.com

A kutatómunka egy ipari projekthez kapcsolódóan készült el, mely egyik célja a 
tejipari folyamatok során keletkezett savó-

tul

é
is fontos. 

meg lett vizsgálva, melyek szintén a projekthez kapcsolódóan kerülnek kifejlesztésre a 

-kémiai, azaz a környezetvédelmi 

poliéterszulfon (PES) - és 

membránok vegyszeres mosáson estek át. A membránszeparáció során jellemeztük a 
kezdeti- - és vegyszerkezelés utáni fluxus-

-
kontaktszög-értékeit is. A vegyszereknek
sótartalmát, oldott anyag tartalmát és pH-
savas és lúgos detergensekkel is a módszer korlátjainak feltárása érdekében. 

PES membránnal is elvégezzük, majd 

:

-1.2.6-TÉT- - -2022-
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