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APPLICATION POSSIBILITIES OF LOW-PRESSURE MEMBRANE SEPARATION 
PROCESSES IN THE DAIRY INDUSTRY 

1*, Aws N. Al-Tayawi1 1 2,  
3 1 1 1 4, 

 4 -Gruber Andrea4 1  

1Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Szeged, HUNGARY 
2 chenyi 

 
3Department of Food Engineering, Faculty of Engineering, University of Szeged, Szeged, HUNGARY 

4Unichem Chemical, Manufacturing and Trading Ltd., Kistelek, HUNGARY 

*corresponding author: kertesz@mk.u-szeged.hu    

The treatment of dairy wastewater characterized by high organic loads has become of utmost 
importance. Through the utilization of membrane processes in conjunction with traditional 
methods, significant alleviation of environmental burdens can be realized. In our research, we 
investigate the flow dynamics within different low-pressure membrane separation filter mod-
ules on the filtration process parameters. Our primary scope was to mitigate membrane fouling, 
a major drawback, by enhancing membrane surface shear rates. This was achieved through 
innovative methods involving mechanical vibration of the module and the incorporation of 3D-
printed turbulence promoters within the modules. Integration of these promoters into modules 
allows for manipulation of flow dynamics, thus enhancing membrane separation efficiency. 
This results in accelerated operation, characterized by increased flux rates, and reduced mem-
brane fouling, leading to lower resistance values. Dairy by-products, such as buttermilk and 
whey, abundant in dairy processing, are recognized for their nutritional richness and immune-
supporting compounds. Our objective is to explore alternative, non-thermal food processing 
technologies, such as microfiltration (MF) to diminish initial microbial loads while concentrat-
ing milk components, and ultrafiltration (UF) for selective concentration of bioactive com-
pounds. In cooperation with an industrial partner, they also test self-produced special cleaning 
agents with various compositions for cleaning membranes that are fouled in different ways in 
order to maintain the filtration of the membranes in as many cycles as possible and in compli-
ance with the strict rules of green chemistry principles. The research is funded by the Hungarian 
National Research, Development and Innovation Office, NKFI-FK-142414 and 2022-1.2.6-

-IPARI-TR-2022-00011 projects. 
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CASCADE MEMBRANE SYSTEM FOR SELECTIVE SEPARATION OF 
FUNCTIONAL COMPOUNDS FROM DAIRY BY-PRODUCTS

1, 1 1 2 1, 
Edina Lendvai3 1, Dorottya Csenki1 4

4 -Gruber4 1 1

1Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Moszkvai krt. 
9, H-6725 Szeged, Hungary 

2Department of Food Engineering, Faculty of Engineering, University of Szeged, Moszkvai krt. 5-7, 

3Department of Engineering Management and Economics, Faculty of Engineering, University of 
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4Unichem Chemical, Manufacturing and Trading Ltd., Kistelek H-6760, Hungary
e-mail: kertesz@mk.u-szeged.hu

ABSTRACT
The utilization of low-pressure membrane separation processes, such as microfiltration (MF) 
and ultrafiltration (UF) can be very effective in the selective separation of valuable components 
from various dairy by-products such as whey or buttermilk. Whey, abundant in lactose and 

- -lactalbumin, and immunoglobulins, poses risks for 
individuals with milk protein allergies. Our scope is to selectively separate compounds in 
addition to lactose in order to obtain an immunoglobulin (Ig)-rich, casein- -lactoglobulin-
free concentrate with minimal lactose content. 
In our study, we employ a cascade membrane system comprising several sequential steps, 

-
selective UF with 100-150 kDa cut-off membranes. Protein concentration with 10 kDa UF.
Our further plan is to cooperate with the industrial partner to test special cleaning agents with 
multiple compositions for cleaning fouled membranes, manufactured by them in compliance 
with the strict rules of green chemistry principles. Our goal is that maximize the membranes 
can be used in as many cycles as possible, so adhering to the principles of circular economy.

Keywords: Cascade MF/UF Membrane System, Selective Separation, Functional Compounds, Whey, 
Soluble Proteins
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ENHANCING MEMBRANE SEPARATION EFFICIENCY THROUGH THE 
UTILIZATION OF 3D-PRINTED TURBULENCE PROMOTERS DERIVED 

FROM RECYCLED PET BOTTLES, WITH INTEGRATION INTO 
FILTRATION MODULE

1 1 2 1

1Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Moszkvai krt. 
9, H-6725 Szeged, Hungary 

2

University, H-
e-mail: kertesz@mk.u-szeged.hu

ABSTRACT
The food industry, by its nature, requires significant water consumption, especially the dairy 
industry, as one of the largest consumers and producers of wastewater. Additionally, the food 
industry is a primary contributor to the utilization of packaging materials, predominantly for 
polyethylene terephthalate (PET), which exhibits long-lasting degradation properties, thereby 
raising significant environmental problems. Given these considerations, it is recommended to 
accelerate efforts towards sustainable development, with innovative solutions for recycling 
packaging waste and modernizing wastewater treatment processes.
Through the integration of 3D-printed turbulence promoters within filtration cells, the filtration 
efficiencies can be enhanced solely through mechanical means, avoiding the need for chemical 
additives. In our research, we have observed that the integration of turbulence promoters into a 
low-pressure filtration cell, alongside reduced mixing speeds yielded comparable 
improvements in filtration efficiency to higher mixing speeds without turbulence promoters. 
Our scope was to research the effect of turbulence promoters printed from filament made from 
accumulated PET bottles on the filtration efficiency. By integrating these promoters into 
microfiltration and/or ultrafiltration modules, we aim not only to purify dairy wastewater, but 
also to selectively separate and concentrate valuable components present in other dairy by-
products (e.g. whey, buttermilk).

Keywords: 3D-printed Turbulence Promoters, Dairy Wastewater Treatment, Low-pressure Membrane 
Separation, Ultrafiltration, Membrane Fouling Mitigation

Acknowledgements: The research is funded by the Hungarian National Research, Development and 
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is grateful for the financial support of the New National Excellence Program of the Ministry of Human 
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ANALYZING FLOW DYNAMICS WITH 3D PRINTED TURBULENCE 
PROMOTERS IN ULTRAFILTRATION UNIT TO MITIGATE MEMBRANE 

FOULING 
 

Aws N. Al-Tayawi1*, Hajnalka Csott2 3, 
Hovorka4, 2 2, 5, 2 

 
1 Doctoral School of Environmental Sciences, University of Szeged, Szeged H-6725, Hungary 

2 Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, 
Szeged H-6725, Hungary 

3

 
4Department of Mechanical Engineering, Faculty of Engineering, University of Szeged, 

Szeged H-6725, Hungary 
5

-6720 Szeged, Hungary 
e-mail: awsaltayawi@uomosul.edu.iq 

 
Abstract 
This study investigates the impact of various 3D printed turbulence promoters (3DPTP) in a 
lab-scale low-pressure ultrafiltration membrane separation stirring unit using dairy model 
wastewater effluent. The research focuses on evaluating the performance of different 3DPTP 
shapes; and identifying the optimal 3DPTP material for the unit based on the best-performing 
shape. Multiple 3DPTP designs were developed, fabricated, and tested using various materials 
to assess key membrane separation parameters, such as permeate flux, membrane retention, and 
total, reversible, and irreversible resistances. Specific 3DPTP designs, particularly PLA-UE and 
PLA-S, significantly enhanced average permeates flux and reduced the total resistance. Among 
the tested materials, the resin material demonstrated superior performance by notably 
increasing permeate flux and reducing total resistance. Statistical analysis was employed to 
confirming the influence of 3DPTP designs and materials on the separation performance. 
 
Introduction 
The escalating environmental challenges, driven by rapid population growth, have highlighted 
the importance of protecting natural water resources [1]. Within the food industry, particularly 
in dairy operations, substantial water use and wastewater management present significant issues 
[2]. The need for advanced technologies, such as hybrid/combined processes, for managing 
high-organic-content wastewater has become critical. Ultrafiltration, a membrane-based 
process, is increasingly utilized in industrial and wastewater treatment applications due to its 
effectiveness. However, membrane fouling and concentration polarization are persistent 
challenges in these processes [3]. Mitigating membrane fouling requires optimizing membrane 
parameters, including transmembrane pressure, stirring speed, and membrane cut-off values, as 
well as enhancing hydrophilicity to reduce fouling [4]. Additive manufacturing (3D printing) 
has emerged as a solution, enabling the fabrication of complex geometries and addressing 
various industrial challenges. The use of 3D printed turbulence promoters (3DPTP) into the 
membrane filtration units has shown significant potential in reducing membrane fouling. 
Studies have demonstrated the effectiveness of 3DPTP in improving energy efficiency and 
reducing fouling in membrane distillation processes. Optimizing the geometry of 3DPTP has 
enhanced mixing and membrane performance. Moreover, the integration of 3DPTP as led to 
superior fouling resistance and increased output flux compared to traditional spacers [5].  
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This study aims to examine the operational parameters of ultrafiltration membranes in a 
laboratory-scale dairy wastewater treatment model. After determining optimal parameters, the 
impact of 3DPTP shapes on filtration efficiency and the effect of various materials on filtration 
performance were evaluated through comprehensive statistical analyses. The study uniquely 
addresses the shape and material analysis of 3DPTP in small-scale membrane separation units.

Experimental
Model Wastewater Preparation
Model effluent simulating dairy wastewater was prepared using skimmed milk powder and 

respectively. Parameters such as chemical oxygen demand (COD) (5200 mg/L), turbidity (1150 
NTU), conductivity (0.89 mS), and pH (8.7) were recorded.

Membrane Filtration Equipment
A static, stirred ultrafiltration system (Merck Millipore, Germany) was used in the laboratory. 
The apparatus utilized PES (polyethersulfone) membranes with various cut-off values, 

by nitrogen gas from a cylinder, regulated via a pressure valve. Filtrate was discharged through 
a tube at the base, maintaining a volume reduction ratio (VRR) of 2, reducing volumes from 100 
mL to 50 mL. The mass of the permeate was continuously monitored using an electric balance 
(Kern EW, Germany).

Measurements for Shape and Material of 3DPTP
After selecting the optimal parameters, all variable settings associated with the equipment were 
documented. Measurements were then conducted using four different designs for shape testing 
(polylactic acid -unrestricted endstarting (PLA-UE), Polylactic acid-slim (PLA-S), polylactic 
acid thin barrier (PLA-TB) polyamide dual barrier (PA-DB)), and simultaneously, four identical 
designs were used for material testing (PLA, Resin, Metal, and thermoplastic polyurethane 
(TPU)), with 3DPTP of various materials inserted along with control measurements, which 
were then repeated. The ultrafiltration measurements were carried out similarly to the initial 
series of experiments, except that the selected 3DPTP was also directly placed on the membrane 
surface inside the device.

Results and discussion
The evaluations of various 3DPTP designs showed differences in average flux. Figure 1 shows 
that the PLA-UE and PLA-S designs provide significant improvements in flux values compared 
to the control and the other designs. Additional testing with alternative printing materials 
demonstrated notable gains in average flux, particularly with resin material, which also 
contributed to decreased total resistance. Overall, the findings underscore the critical role of 
3DPTP in enhancing ultrafiltration performance.
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Figure 1. Variation of permeate fluxes as a function of time with different 3DPTP
(20 kDa UF membrane, T = TMP = 3 bar, n = 400 rpm).

Conclusion
This study investigates the effects of 3D printed turbulence promoters (3DPTP) in a laboratory-
scale ultrafiltration membrane separation unit using dairy model effluent. Various designs of 
3DPTP were tested, along with different materials, to evaluate key ultrafiltration parameters: 
permeate flux, membrane retention, and total resistance. The experiment with different 3D 
printed promoter designs revealed variations in average flux, with the PLA-UE and PLA-S
designs showing notable improvements. Further assessments with alternative printing materials 
highlighted substantial gains in average flux, especially with resin material, which also 
decreased total resistance. The findings demonstrate the significant impact of 3DPTP on 
ultrafiltration efficiency, with the PLA-UE design and resin material showing the most 
promising results in improving flow dynamics and overall performance.

Acknowledgements
This study was supported by the 142414 FK and 2022-1.2.6- -IPARI-TR-2022-00011 
grants from the National Research, Development, and Innovation Office (NKFI), Hungary.
Aws N. Al- -476 grant supported by University Research 
Fellowship Program of the University of Szeged.  

References
[1] W. Musie, G. Gonfa, Fresh water resource, scarcity, water salinity challenges and 

possible remedies: A review, Heliyon. (2023).
[2]

B.S. Lira, Development of asymmetric ceramic membranes for dairy wastewater 
treatment A comparison between co-sintering and conventional firing process, J. Water 
Process Eng. 57 (2024) 104611.

[3] L.N. Nthunya, M.F. Bopape, O.T. Mahlangu, B.B. Mamba, B. Van der Bruggen, C.A. 
Quist-Jensen, H. Richards, Fouling, performance and cost analysis of membrane-based 
water desalination technologies: A critical review, J. Environ. Manage. 301 (2022) 
113922.

[4] S. Elhady, M. Bassyouni, R.A. Mansour, M.H. Elzahar, S. Abdel-Hamid, Y. Elhenawy, 
M.Y. Saleh, Oily wastewater treatment using polyamide thin film composite membrane 
technology, Membranes (Basel). 10 (2020) 84.

y = 48,754x-0,393

y = 57,515x-0,408

y = 58,248x-0,388

y = 57,162x-0,383

y = 48,199x-0,424

0

5

10

15

20

25

30

35

40

45

0 20 40 60 80

Time [minutes]

Control

PLA-UE

PLA-S

PLA-TB

PA-DB

26



30th International Symposium on Analytical and Environmental Problems 

 
40 

 

[5] N. Thomas, N. Sreedhar, O. Al-Ketan, R. Rowshan, R.K.A. Al-Rub, H. Arafat, 3D 
printed spacers based on TPMS architectures for scaling control in membrane 
distillation, J. Memb. Sci. 581 (2019) 38 49. 

 
  

27



28



30th International Symposium on Analytical and Environmental Problems

PROCEEDINGS OF THE

30th International Symposium
on Analytical and Environmental Problems

Szeged, Hungary
October 7-8, 2024

30th International Symposium on Analytical and Environmental Problems

2

University of Szeged

Edited by:

Publisher:
University of Szeged, H-

Hungary

ISBN 978-963-688-009-5

2024.
Szeged, Hungary

29



30th International Symposium on Analytical and Environmental Problems 

 
3 

 

 

The 30th International Symposium on Analytical and  
Environmental Problems 

 
Organized by: 

 
 

Supporting Organizations 
Institute of Pharmaceutical Analysis, University of Szeged 

Department of Inorganic and Analytical Chemistry, University of Szeged 
 

Symposium Chairman: 
 

 
Honorary Chairman: 

 
 

Organizing Committee: 
 

professor of chemistry 
University of Szeged, Institute of Pharmaceutical Analysis 

 
assistant 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  

30th International Symposium on Analytical and Environmental Problems 

 
73 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Poster Proceedings 

30



30th International Symposium on Analytical and Environmental Problems 

 
292 

 

CASCADE MEMBRANE SYSTEM FOR EFFECTIVE COD REMOVAL FROM 
DAIRY BY-PRODUCT 

 
Hadid Sukmana, , ,  

* 
 

Faculty of Engineering, University of Szeged, H-6725 Szeged, Moszkvai krt. 9, Hungary 
*e-mail: kertesz@mk.u-szeged.hu 

 
Abstract 
The dairy industry is highly water-intensive, producing wastewater characterized by elevated 
organic loads, suspended solids, and a pH range of 7 8, which varies based on specific 
processes (e.g., milk processing, dairy products, cheese whey). Wastewater from both the dairy 
sector and chemical industries generally requires treatment before discharge to mitigate 
environmental impact. Dairy processing effluents are notably distinct from other industrial 
wastewaters, exhibiting high concentrations of chemical oxygen demand (COD), which can 
severely disrupt ecosystems. Membrane filtration technology has increasingly gained traction 
as an advanced method for water purification and to decrease COD to a desirable level.  
This study provides a comparative analysis of ultrafiltration membranes for COD removal from 
dairy by-products. A cascade membrane system is utilized, incorporating several sequential 
stages: initial milk fat separation using microfiltration (MF) membranes with pore sizes of 

-selective ultrafiltration (UF) with membranes of 100 150 
kDa molecular weight cut-offs, and subsequent protein concentration using a 10 kDa UF 
membrane. The 150 kDa UF membrane exhibited superior performance, achieving higher flux 
and 33% COD removal. Meanwhile, the result showed that the COD removal of 10 kDa UF 
membrane was achieved at 40%. However, further investigation is necessary to evaluate long-
term filtration performance and the effects of multiple cleaning cycles. 
 
Keywords: Cascade membrane system, COD removal, Dairy by-product, Membrane filtration, 
UF membrane 
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Abstract
In our research, we aimed to explore how the filtration efficiency of a specialized membrane 
filtration device could be enhanced using custom-made, 3D-printed spacers with various 
geometric designs. We performed experiments using model dairy wastewater with an average 
load, a polyethersulfone (PES) ultrafiltration membrane, and a membrane filtration device. The 
tests were performed with (and without) different spacer configurations.
During the experiments, we evaluated several factors, including the permeate flux, membrane 
retentions, resistances, and specific energy consumption. Our measurements clearly showed 
that the use of 3D-printed spacers significantly improved the filtering efficiency, with some 
geometric configurations yielding better results.

Introduction

resources, making it essential to treat and recycle as much waste as possible. Among the various 
wastewater treatment methods, membrane filtration holds the most potential [1]. This process 
uses semi-permeable membranes to filter water, allowing water molecules to pass through while 
retaining solid particles [2]. In our research, we focused on ultrafiltration (UF), a pressure-
driven filtration process. UF effectively removes suspended particles, bacteria, and viruses, but 
cannot filter out sugars or mono- and multivalent ions. A key drawback of membrane filtration 
is the inevitable fouling of the membranes. As filtered solids accumulate on the membrane's 
surface and within its pores, permeate flux decreases, and energy consumption rises [3]. To 
address this, several mitigation strategies exist, such as backwashing, chemical cleaning, and 
the use of module vibrations or flow diverter spacers [4]. Our study focused on the impact of 
the last method. We conducted tests with flow diverter spacers, which were designed based on 
our own plans using reference models and produced via FDM (Fused Deposition Modeling) 3D 
printing. This manufacturing method was ideal for our research, as 3D printing technology has 
seen rapid advancements in recent years and is now widely applied not only in industry but also 
in everyday life [5]. Additionally, 3D printing allowed us to quickly modify and produce new 
models based on insights gained from previous tests and experiences.

Experimental
The tests were conducted on a 10 liters of a model dairy wastewater solution consisting of 
skimmed milk powder, with a mass concentration of 5 g/L, cleaning detergent, with 0.5 g/L and 
room temperature tap water. A VSEP Series L membrane filtration module was employed, 
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maintaining two constant parameters: a transmembrane pressure of 8 bars and a volumetric flow 
rate of 4 GPM (approximately 15.14 L/min) (New Logic Research, Inc., USA).
Throughout 5 experiments, we analyzed various factors, including permeate flux, membrane 
retention, resistance, and specific energy consumption. The experiments used four variations of 
spacers: Sp.1-4. (Table 1.) The spacers were 3D-printed using PETG and PCTG plastic
filaments on our in-house 3D printer (filaments: Filatikum, Hungary; FDM printer: Creality 
CR-10S Pro V2, China).
During the 2-hour experiment processes, 9 samples were collected in each case at different time 
intervals (2 feed solutions, 4 permeates, and 3 concentrates). Each sample was analyzed for 
total dissolved solids (TDS), pH level, conductivity, and turbulence. The final permeates and 
concentrate samples were also tested for chemical oxygen demand (COD), milk fat, protein, 
lactose with an infrared device (Bentley Instruments, Inc., USA), and protein values with 
Kjeldahl method (Foss, Britain). 

Results and discussion
In figure 1. the permeate fluxes and in figure 3. the specific energy consumption results were 
plotted. Values were compared over time and over volume reduction ratio (VRR). First, it can 
be concluded that the use of spacers produced better results compared to the control 
measurements. One of the designs, Sp.1 yielded the best overall performance across all 
parameters, including permeate flux, retention, resistance, and specific energy consumption.

Figure 1. Permeate fluxes as a function of time 
(TMP=0.8MPa, qvrec=15.14L/min, 

Figure 2. Retentions compared within each spacer
(TMP=0.8MPa, qvrec=15.14L/min

34
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Differences between the geometric spacer designs were observed. The first two designs (Sp.1 
and Sp.2) significantly outperformed the latter two (Sp.3 and Sp.4) based on the flux results. 
However, it's important to highlight that Sp.3 and Sp.4 required considerably less plastic for 
the printings. Furthermore, it can be seen from Figure 3 that the use of spacers reduced the 
specific energy consumption values by about one third. The fourth figure shows that the value 
of the total 
resistances have also been greatly reduced compared to the control measurements. In addition, 
the first two designs gave better results than the third and fourth, as the resistances were the 
lowest.  

Sp.1 First design
Sp.2 First design, cone variant

Sp.3 Tesla-valve inspired design
Sp.4 Strengthened Tesla-valve inspired 

design
Table 1. Spacer designs meanings

Conclusion
The key finding from our results is that to achieve optimal performance, a spacer with a certain 
geometry should be used. This approach significantly boosts the initial flux and extends the 
time before a substantial drop in performance occurs. As a result, the filtration process becomes 
more efficient, reducing the time required to treat a given volume of wastewater and lowering 
overall energy consumption. The average of flux values taken with the best spacer indicate a 
staggering 309% improvement when compared to the average of the control measurements. In 
the case of energy consumption, an 70% decrease is observable, when compared to the control 
values.
Given the lower resource and energy demands of the latter designs, it warrants further 
investigation to determine whether their reduced performance is offset by these savings. Future 
studies should assess whether the decreased performance of Sp.3 and Sp.4 can be justified by 
their more efficient material and energy use, particularly for large-scale applications. 
Further research should also explore the combination of using multiple anti-fouling techniques, 
such as using spacers and module vibrations simultaneously. Our preliminary experiments in 

Figure 3. Specific energy consumption as a function 
of time (TMP=0.8MPa, qvrec

Figure 4. Irreversible and reversible resistances 
compared to total resistance (TMP=0.8MPa, qvrec:4, 

Membrane Irrevers. TotalRevers.
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this area have shown highly promising results, warranting continued investigation. Future 
studies will focus on further examining this approach.
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Investigation of the Ultrafiltration Performance of Different Whey 
Solutions in a Dead-End Membrane Separation System 

Hadid Sukmanaa*,  
  

 
-  

a , -  

Keywords: - , 
 

Abstract. The dairy industry is highly water-intensive, producing wastewater characterized by 
elevated organic loads, suspended solids, and a pH range of 7–8, which varies based on specific 
processes (e.g., milk processing, dairy products, cheese whey). Wastewater from both the dairy sector 
and chemical industries generally requires treatment before discharge to mitigate environmental 
impact. Dairy processing effluents are notably distinct from other industrial wastewaters, exhibiting 
high concentrations of chemical oxygen demand (COD), which can severely disrupt ecosystems. 
Membrane filtration technology has increasingly gained traction as an advanced method for water 
purification and to decrease COD to a desirable level.  
This study presents a comparative analysis of microfiltration (MF) and ultrafiltration (UF) 
membranes for chemical oxygen demand (COD) removal from different whey solutions. In 
experiments using fresh whey, a sequential filtration approach was implemented, beginning with milk 

protein-selective ultrafiltration using UF membranes with molecular weight cut-offs of 100–150 kDa 
and then protein concentration using a 10 kDa UF membrane. For synthetic whey, membrane 
separation was performed with MF membranes of 0.1, 0.2, and 0.  pore sizes, incorporating 
variations in parameters such as temperature and stirring speed. The 150 kDa UF membrane showed 
superior performance, achieving a higher flux and 33% COD removal, while the 10 kDa UF 
membrane reached 40% COD removal. Optimal conditions were identified during the synthetic whey 
experiments. However, further research is required to assess long-term filtration performance and the 
impacts of multiple cleaning cycles. 
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Optimization of Ultrafiltration Parameters in a Laboratory-Scale Unit 
Using Dairy Model for Membrane Fouling Mitigation 
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4Department of Mechanical Engineering, Faculty of Engineering, University of Szeged, Szeged H-
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Abstract. This study focuses on optimizing ultrafiltration membrane parameters, including 
transmembrane pressure, stirring speed, and molecular weight cut-off values, to mitigate membrane 
fouling during dairy wastewater treatment. Adjusting operational parameters are key strategies to 
reduce the fouling. Increased pressure generally improves permeate quality but exacerbates fouling, 
while optimal cut-off values directly influence fouling severity. A laboratory-scale model was used 
to investigate the effects of these parameters, and statistical analysis was performed to determine the 
optimal conditions for permeate flux, membrane retention, and resistance. Results showed that higher 
stirring speeds with 400 rpm improved average flux, organic matter retention, and total resistance, 
whereas changes in membrane pore size had minimal effect except for flux improvement. Increasing 
pressure to 4 bar significantly boosted flux but also increased total resistance. Statistical validation at 
p<0.005 and a 95% confidence interval confirmed the most suitable parameter combinations for 
efficient filtration. 

Introduction 

The escalating environmental challenges confronting humanity today, stemming from rapid 
population growth, have underscored the critical importance of safeguarding natural water resources. 
One pivotal sector, particularly within the food industry, is the dairy industry, which not only utilizes 
substantial water volumes in its daily operations but also grapples with the intricate management of 
generated wastewater [1]. The contemporary necessity of employing advanced, dependable 
technologies like hybrid/combined processes for more effective disposal of high-organic-content 
wastewater is undeniable. Within this realm, the utilization of ultrafiltration, a membrane-based 
process, emerges as a promising solution increasingly integrated into diverse industrial and 
wastewater treatment technologies [2]. 

The prevailing challenges in membrane-based processes are membrane fouling and concentration 
polarization. Membrane fouling is a significant problem as it diminishes flux rates, compromises 
rejection efficiency, and increases energy consumption [3]. It occurs when foulants such as particulate 
matter, colloidal particles, biomacromolecules, and various organic, inorganic, and biological 
substances adhere to the membrane surface or within membrane pores. This attachment to the 
membrane obstructs or drastically reduces membrane pores, leading to reduced permeation flux or to 
changed separation efficiency. Polymer membrane fouling is categorized as irreversible when 

 

foulants adhere to the membrane's pores and reversible when foulants form a cake layer on the 
membrane surface, hindering permeate movement. Membrane fouling consistently leads to decreased 
flux, thereby impeding membrane performance and reducing overall productivity. This reduction in 
active surface area, filtration efficiency, and membrane effectiveness shortens the membrane's 
lifespan and increases operating and replacement costs [4]. 

To mitigate membrane fouling, optimizing membrane parameters such as transmembrane pressure, 
stirring speed, and membrane cut-off values is crucial. Modifying membrane properties to enhance 
hydrophilicity can reduce fouling formation [5]. Adjusting this operational parameters can impact 
fouling behavior; for instance, increasing pressure can lead to higher fouling but improved permeate 
quality.  Moreover, optimizing the membrane cut-off values is essential as it directly influences the 
severity of fouling. This study aims to meticulously examine the operational parameters, including 
stirring speed, transmembrane pressure, and molecular weight cut-off values, of ultrafiltration 
membranes within a laboratory-scale model simulating dairy wastewater treatment. Upon 
determining the optimal parameters. Comprehensive statistical analyses were conducted on the data 
to optimize the specified parameters. 

Materials and Methods 

A static, stirred laboratory ultrafiltration system (Merck Millipore, Germany) was utilized. PES 
(polyether sulfone) membranes of varied cut-off values, collectively offering an effective filtration 
area of 0.0036 m2, were used in the apparatus. Nitrogen gas control from the bottle and a pressure 
regulator valve managed the transmembrane pressure. Filtrate was released through a tube on the 
bottom plate, maintaining a compression ratio of 2 (VRR=2, volumes reduced from 100 mL to 50 
mL). Continuous permeate mass measurements were recorded by an electric balance (Kern EW, 
Germany). The experiments were conducted with different transmembrane pressures (2 bar and 4 
bar), stirring speeds (0 rpm, 200 rpm, and 400 rpm), and different cut-off values (10 kDa, 20 kDa, 
and 50 kDa). All possible pairings were combined to obtain the most detailed statistical evaluations 
(using Statistica), and the optimum was selected based on filtration time, quality, and economy. 

Results and Discussion 

Different ultrafiltration operation parameters (stirring speed, pressure, and membrane cut-off values) 
were investigated. The optimum filtration constants were selected by varying the filtration speed 
(permeate flux), quality (membrane retention), and economy (resistance), taking into account three 
aspects. The results were subjected to statistical analysis at a significance level of p<0.005 and a 
confidence interval of 0.95, thus helping to confirm the most appropriate choice. 

 

Fig. 1. Variation of the permeate fluxes with the function of time at different pressures and stirring 
speeds (MWCO=20 kDa; T=25°C). 
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The results demonstrated that increasing stirring speed enhanced average flux (Fig.1), organic matter 
retention, and total resistance. Altering membrane pore sizes had a limited impact on most parameters, 
with the exception of a notable improvement in average flux. In contrast, increasing pressure resulted 
in a significant rise in average flux, accompanied by a pronounced increase in total resistance. 

Conclusion 

This study aimed to analyze flow modifications in detail and optimize ultrafiltration by varying 
operating parameters such as pressure, stirring speed, and membrane cut-off values. Overall, it was 
found that increasing the stirring speed improved both the average flux, organic matter retention, and 
the total resistance values. Changing the pore sizes of the membrane did not show much difference 
in the other values except for the improvement in the average flux values. With increasing pressure, 
the average flux values increased spectacularly, while the total resistance values increased 
dramatically. 

Acknowledgements 

This study was supported by the 142414 FK and 2022-1.2.6-TÉT-IPARI-TR-2022-00011 grants from 
the National Research, Development, and Innovation Office (NKFI), Hungary. Aws N. Al-Tayawi is 
grateful for the EKÖP-476 grant supported by University Research Fellowship Program of the 
University of Szeged.   

References 

[1] L.K.S. Lima, L.N.L. Santana, H.L. Lira, M.A. Rodríguez, M.Y.M. Souza, M.G.S. Júnior, B.S. 
Lira, Development of asymmetric ceramic membranes for dairy wastewater treatment–A 
comparison between co-sintering and conventional firing process, J. Water Process Eng. 57 
(2024) 104611. 

[2] E.S. Mansor, E.A. Ali, A.M. Shaban, Tight ultrafiltration polyethersulfone membrane for 
cheese whey wastewater treatment, Chem. Eng. J. 407 (2021) 127175. 

[3] A.N. Al-Tayawi, N.S. Gulyás, G. Gergely, Á.F. Fazekas, B. Szegedi, C. Hodúr, J.R. Lennert, 
S. Kertész, Enhancing ultrafiltration performance for dairy wastewater treatment using a 3D 
printed turbulence promoter, Environ. Sci. Pollut. Res. (2023) 1–10. 

[4] C. Niu, X. Li, R. Dai, Z. Wang, Artificial intelligence-incorporated membrane fouling 
prediction for membrane-based processes in the past 20 years: A critical review, Water Res. 
(2022) 118299. https://doi.org/10.1016/j.watres.2022.118299 (accessed January 17, 2023). 

[5] S. Elhady, M. Bassyouni, R.A. Mansour, M.H. Elzahar, S. Abdel-Hamid, Y. Elhenawy, M.Y. 
Saleh, Oily wastewater treatment using polyamide thin film composite membrane technology, 
Membranes (Basel). 10 (2020) 84. 

 

 
Book of Abstracts from the 10th International Scientific Conference on 

Advances in Mechanical Engineering (ISCAME 2024) 
216  

................................................. 48 
 ................................................... 70 

 ...................................................... 35 
 .......................................... 54, 65 
 ............................................. 156 

 
H 
Habbachi, M. ............................................. 186 

 ................................................... 112 
Haddi, A. ................................................... 114 

 ............................................ 196 
 .................................................... 136 

Hajduk, J. .................................................. 185 
Hamza, A. ........................................... 92, 102 
Hareancz, F. .......................................... 79, 85 
Hasan, M.B. .............................................. 173 
Hassan, K.M.E. ......................................... 141 

 ............................................... 179 
 ......................................... 10, 131 
 ................................................. 39 

Hégely, L. .................................................... 27 
Hodúr, C. ............................................... 17, 18 
Hornyák, O. ................................................. 13 
Hortobágyi, Z. ............................................. 35 
Horvath, K. ................................................ 142 
Hössinger-Kalteis, A. ................................ 163 
Hovorka, Z.H. ............................................. 18 
Hriczó, K. .................................... 11, 128, 129 
Huri, D. ................................. 4, 141, 172, 174 
 
I 

 ........................................................... 3 
Imre, E. .................................. 35, 93, 103, 110 
 
J 
Jármai, K. .................................................. 205 
Jebur, H.M................................................. 149 
Jeremic, O. ........................................ 121, 122 

 .............................................. 79, 85 
Juhász, J. ................................................... 199 

K 
Kakuk, J. ..................................................... 39 
Kalacska, A. ................................................ 66 

 .................................... 66, 72, 73 
Kálmán, A. .................................................. 14 
Kapitány, P. ........................................... 42, 43 
Kapros, Z. .................................................... 35 
Kapshammer, A. ....................................... 150 
Karacor, B. .................................................. 95 

Kári-Horváth, A. ......................................... 40 
 .................................................. 60 

Kátai, M. ................................................... 204 
Katona, K. ................................................... 29 
Kelemen, J. ............................................... 178 
Kemény, A. ................................................. 98 
Keresztes, R. ............................................... 66 
Kertész, J. .................................................. 177 

 ............................................. 17, 18 
 ............................................. 58 

Kiehas, F. .................................................. 148 
Kiri, A. ........................................................ 59 
Kis, B. ......................................................... 27 
Kiss, P. ...................................................... 111 
Kiss, P.M. ................................................... 72 

 .................................................... 32 
Kocserha, I. ............................................... 102 
Kollár, C. .................................................... 35 
Koncz-Horváth, D. ...................................... 84 
Kondás, B. .................................................. 88 
Könözsy, L. ............................................... 127 
Könyves, Z. ................................................. 84 
Körömi, B.M. .............................................. 83 
Kovács, A.P. ............................. 157, 158, 159 
Kovacs, H. ................................................ 156 
Kovács, K.A. ............................................. 132 
Kovács, P.I. ................................................. 81 
Kovács, Z. ................................................... 33 
Kozák, Á. .................................................. 131 

 ................................................... 40 
 ................................................ 191 

Kubicsek, F. .............................................. 131 
 ................................................. 97 

Kun, K. .............................................. 111, 155 
Kurovics, E.M. ............................................ 92 

 ........................................... 45 
 
L 
Lackner, M. ............................... 150, 161, 163 
Láng, P.T. ................................................... 27 
Lantos, Z. .................................................... 40
László, Z. .............................................. 17, 18 

 ...................................................... 16 
 ................................................ 120 

Ledenyák, D. ............................................. 192 
Leibetseder, M. ......................................... 150 
Leja, J. ................................................. 49, 108 
Lennert, J.R. ................................................ 18 

 ..................................................... 168 
Li, W. ................................................ 121, 122 

45



46



47



48



49



50



51


