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Before scaling to an industrial module, the next step is to build a module with longer
channels for improved heat recovery and higher GOR values.

Keywords: Novel membrane distillation module; Heat integration; High recovery; Metal
pickling; Acid concentration

PT 220
Improvement of ultrafiltration by module integrated 3D printed
turbulence promoters
Szabolcs Kertész*, Aws N. Al-Tayawi, Hadid Sukmana, Cecilia Hodlr,

Imre Abraham, Néra Garabné Abraham, Andrea Siiveges-Gruber, = ‘
Zsuzsanna Laszlé /,%
*University of Szeged, Szeged 6720, Hungary, kertesz@mk.u-szeged.hu T

Membrane fouling still remains a significant challenge in various applications, particularly
in wastewater treatment or in liquid dairy by-product concentration, where high concen-
trations of organic matter can lead to decreased permeate flux and increased operational
costs. The use of 3D printed turbulence promoters/spacers (3DPTP) has been shown to
improve the hydrodynamic conditions within the filtration module, thereby enhancing mass
transfer and reducing the deposition of foulants on the membrane surface. The integration
of 3DPTP into ultrafiltration systems/modules has emerged as a promising approach to
enhance filtration performance and mitigate membrane fouling, so represents a significant
advancement in membrane technology.

Our research group have demonstrated that the incorporation of 3DPTP can signifi-
cantly increase permeate flux into different ultrafiltration configurations, such as dead-end
and cross-flow ultrafiltration modules. This enhancement is attributed to the improved
turbulence and mixing induced by the 3DPTP, which disrupt the boundary layer near the
membrane surface and facilitate the removal of foulants. Moreover, the design flexibility
offered by 3D printing technology allows for the customization of 3DPTP tailored to specific
applications and operational conditions. For example, the geometry and arrangement of
the 3DPTP can be optimized to maximize their effectiveness in different types of ultrafiltra-
tion systems. This adaptability is particularly beneficial in addressing the unique challenges
posed by various feed streams, such as those encountered in dairy wastewater treatment
or dairy by-product concentration, where the composition can vary significantly. These
innovations not only improve the operational efficiency of filtration processes but also
contribute to the sustainability of water treatment practices. However, continued research
and development in this area are essential to fully realize the potential of 3D printing in
optimizing ultrafiltration performance. In addition to enhancing permeate flux, the integra-
tion of 3DPTP has been linked to prolonged membrane lifespan. In this conference, we
plan to present the current scientific results of one national and one international project.

Keywords: Membrane separation intensification; Ultrafiltration; Dairy by-product utiliza-
tion; Dairy wastewater treatment; 3D printed turbulence promoters/spacers
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OVERVIEW

Our research group have demonstrated that the Incorporation of 3D printed turbulence promoters/spacers (30PTF) can significantly increase permeate flux into different membrane separation
configurations, such as dead-end and cross-flow ultrafiltration modules. This enhancement is attributed to the improved turbulence and mixing induced by the 30PTP, which disrupt the boundary
layer near the membrane surface and facilitate the removal of foulants. Moreover, the design flexibility offered by 3D printing technology allows for the customization of 30PTP tailored to specific
applications and operational conditions. For example, the geometry and arrangement of the 30PTP can be optimized to maximize their effectiveness in different types of ultrafiltration systems. This
adaptability is particularly beneficial in addressing the unique challenges posed by various feed streams, such as those encountered in dairy wastewater (ww.) treatment or dairy by-product
concentfration, where the ition can vary signifi These i not only Improve the operational efficiency of filtration processes but also contribute to the sustainability of water

treatment practices. However, continued research and development in this area are essential to fully realize the potential of 30 printing in optimizing ultrafiltration performance.
In addition to enhancing permeate flux, the integration of 30PTP has been linked to prolonged membrane lifespan.

Low-pressure nembrane separation cell
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ENENENENEN

Mgt — westnegion oo Feed model dairy ww. volume: 250 ml
Shin gossy) sce _ Permeate volume: 200 ml (VRR=5)
ont Cuturorate
Membrans ~ 40 cm?

1% generation (Sp.1)

stiming table

Integrated spacer top-view
(with flow direction indicators)

3DPTP for SHAPE test

_@®o

PLA-UE __PLAS | PIA-TB

Reool%)

PERMEATE OUTLET

eries L system 2" generation (Sp.2)

MEMBRANE ~ 2
SPACER(Sp) 500 cm
35
o woa
3 DB :
" 25 ePLATE —_— VSEP module
R j S % WASTEWATER INLET CONCENTRATE OUTLET

i)
E 20 iias
& e
“Time [minutes] 3 5
3DPTP for MATERIAL test % u - =eee I

Membr. _Irrev. Re

_.
FLUX [Lnrh)

20
~o-Vipraasp2
T80
o vrsas | | &
=2 -a-Vibra &m0
- =51 x
S0
a-$2 [
~&-Contr. L
=

"
o
SO\ 8 S L
S : SN »
SEIEI [T o
o 5 pree sn [
o Resin 7PU Metal R i sy B Mo oW om @ o
E Time [min]
% Sl 30 kDa cut-off ultrafiltration membrane at 25:7°C with a TMP of 0.8 MPa and a
> T , recirculation flow rate af 15 L/min {with 1 inch module vibration): Ve.s=10l; VRR=S.
e 2
e e o ™
1]
: - e B LY EVResasp . 35 u Contr.
= s YT PP 5 :::'“' g w CvirRsp 5 % o
s .;zs .x:.u 2 o = Vibrd :75 :50 uspt
R |3 i o |55 o
Time [min] g, i a2 : =4 VBB
v The filtratian time was decreased, and the H 3 a 05 Ve w52
TS e T e | & Rpgra deCr. Re,, decr. Ry, decr. [ "
V' In Shape test: ‘PLA-UE and ‘PLA-S designs | & ©
shawed significant enhancements in flux. PE—" T}
' In Material test: material showed substantial Membr. Irrev.  Rev.  Total Findings and conclusion
Improvements in average flux.
Our other abjective is: Development of a dairy-based beverage selectively enriched with milk fat Membrane fouling still remains a significant challenge in various applications, particularly in
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Synergistic effects of 3D-printed spacers and modular vibration
towards membrane fouling mitigation

Aws Al-Tayawi*, Imre Vajk Fazekas, Szabolcs Kertész

University of Szeged, Szeged 6722, Hungary
awsaltayawi@uomosul.edu.iq

In recent decades, unprecedented growth and expansion have been experienced by
industries worldwide. While many positive changes and significant improvements in the
quality of life have been brought about, new challenges and problems have also been
presented to human society. One of the most significant challenges faced is the issue of
managing the large volumes of polluted water and wastewater generated. Today, mem-
brane filtration techniques are recognized as a crucial component of wastewater treatment
technologies. In membrane-based systems, semipermeable membranes are utilized for
filtration, allowing water molecules to pass through while retaining some or all solid par-
ticles present in the water. Despite advancements, membrane filtration is still hindered by
the inevitable fouling of membranes during operation. As operation progresses, retained
particles on the membrane surface and within the pores impede fluid flow, significantly
reducing process efficiency. In constant pressure systems, flux decreases, whereas in con-
stant flux systems, pressure demands increase. Numerous methods have been researched
to address fouling, such as backflushing (where permeate flows through the membrane
in the opposite direction for a few seconds), the use of detergents, enzymatic additives,
module vibration, and the integration of flow-diverting units into the module. During
measurements, the latter two methods and their combinations were tested and compared.

In this study, proprietary 3D-printed spacers with varied geometries, modular vibration,
and their combinations were examined for membrane fouling mitigation. Permeate flux,
membrane retention, resistance, and specific energy consumption were analyzed as key
parameters. Spacers were fabricated from materials ranked by tensile strength, including
PCTG, PETG, PLA, and resin. The results demonstrated that performance significantly
improved when modular vibration was combined with spacers. Flux values increased by
over 300%, and total membrane resistance was reduced by more than 85% when high
vibration was paired with the Sp.2 (or Sp.4) spacer made of PETG. Specific energy con-
sumption was also reduced by nearly 85%, with stable performance maintained throughout
the process. Filtration quality, evaluated via chemical oxygen demand and the retention of
proteins, lactose, and solids, showed minimal variation. Spacers alone often outperformed
low vibration, offering a more energy-efficient alternative.

Keywords: Ultrafiltration; 3D printed spacers; Membrane fouling; Dairy wastewater
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PX Q400 impact in demonstration plant achieving
less than 2 kWh/m?® in energy consumption

Rolando Bosleman*, Juan Cifuentes

*Energy Recovery Inc, 1717 Doolittle Drive, San Leandro, CA 94577, USA
rbosleman@energyrecovery.com

The Instituto Tecnoldgico de Canarias (ITC) has developed a demonstration Seawater
Reverse osmosis desalination plant with the goal of achieving an specific energy consump-
tion of less than 2 kWh/m?, with a nominal capacity of 2,500 m*/d.

This goal can only be achieved by using the most efficient commercial equipment avail-
able, and most importantly, the most efficient energy recovery devices. Using the PX Q400
Pressure Exchanger® has been one of the main foundations to achieve Specific Energy
Consumption values of 1.86 kWh/m?* during the test plant operation.

PX Q400 has demonstrated that is the best in class energy recovery device, operating
consistently at efficiencies over 97%, produced by the low pressure losses in both high
pressure side and low pressure side.

In combination with the highest efficiency, the salinity increase produced by the volumet-
ric mixing at the PX has been as low as 1%, which allows to operate the reverse osmosis
at almost the same feed pressure as if there was no isobaric ERD installed.

The achievement of the low Specific Energy Consumption has also been attained with
a flawlessly operation of the PX Q400, which has contributed to the high reliability during
the commissioning and demonstration of the testing plant.

Keywords: Energy recovery device (ERD); Seawater reverse osmosis (SWRO); Specific
energy consumption (SEC); Volumetric mixing
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Optimization of membrane filtration processes using
the design of experiments in different whey solutions

Hadid Sukmana*, J6zsef Csanadi, Cegilia Hoddr, Zsuzsanna L&szIo,
Gébor Veréb, Séndor Beszédes, Imre Abraham,
Nora Garabné Abraham, Andrea Stiveges-Gruber, Szabolcs Kertész

Faculty of Engineering, University of Szeged, Moszkvai krt. 9, Szeged 6725,
Hungary, Tel. +36 703592886, sukmana@mk.u-szeged.hu

Dairy effluents are distinct from other industrial wastewaters due to their elevated chemi-
cal oxygen demand (COD), which can severely disrupt aquatic ecosystems if untreated.
Membrane filtration technology has emerged as a promising advanced method for water
purification, particularly in reducing COD to acceptable levels. Key parameters for evalu-
ating membrane performance include flux and rejection. Flux represents the permeate
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volume and production rate, while rejection quantifies the membrane’s efficacy in COD
removal, collectively determining its ability to reduce COD.

This study investigates the optimal conditions for microfiltration (MF) and ultrafiltration
(UF) membranes, followed by the application of diafiltration (DF) techniques (MF/DF and
UF/DF) on various whey solutions. Statistical optimization using the Design of Experiments
(DOE) was employed to identify the most favorable operating conditions. Synthetic whey
solutions with a COD concentration of approximately 72,000 mg/L were used. MF was
performed using membranes with pore sizes of 0.1, 0.22, and 0.45 ym at a pressure of
1 bar, under varying temperatures (15, 20, and 25°C) and stirring speeds (300, 400, and
500 rpm). UF was conducted using membranes with molecular weight cut-offs of 50, 100,
and 150 kDa under varying pressures (2, 2.5, and 3 bar) and stirring speeds (300, 400,
and 500 rpm) at 25°C. The optimal conditions identified for MF and UF membranes were
subsequently applied to MF/DF and UF/DF processes using synthetic and fresh whey.
Membrane performance was evaluated in terms of flux, COD rejection, and membrane
resistance to determine efficiency. The findings provide insights into optimizing membrane-
based separation techniques to treat whey solutions effectively.

Keywords: Design of experiments; Diafiltration; Membrane filtration; Microfiltration; Ul-
trafiltration; Whey solutions
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Protein-incorporated filtration membrane for urea removal
in portable peritoneal dialysis applications

Mei Qun Seah*, Elin Posch, Mehdi Pejman, Florian Schmitz,
Martin Andersson

*Chalmers University of Technology, Chalmers Tekniska H6gskola AB,
Gothenburg 41296, Sweden, meig@chalmers.se

Dialysis treatments for patients with kidney failure severely disrupt the patient’s quality of
life due to their high frequency and long treatment sessions. To date, commercial dialyzers
typically remove urea from the dialysate via urease conversion, direct urea adsorption, or
oxidation mechanism. However, these methodologies could not achieve complete urea
removal, making it unsuitable for portability purposes. In this work, a filtration membrane
is developed with a support and an active layer. The active layer responsible for urea
rejection is incorporated with aquaporin proteins. The proteins were stabilized using an
encapsulation method developed previously. The aquaporins within the filtration mem-
brane act as a passive and highly selective water transport channel, allowing enhanced
flux permeation while maintaining high urea rejection. The membrane performance was
then benchmarked against commercial dialyzers in terms of flux permeability and urea
rejection using synthetic peritoneal dialysate. Structural analysis of the stabilized aquapo-
rins and the aquaporin-incorporated membranes were conducted using TEM and FESEM,
respectively. The biomimetic membranes recorded at least 40% increase in terms of flux
and improved NaCl rejection to 97%. The findings of this work provided insight into the
application of filtration membranes to dialysis applications.

Keywords: Aquaporin; Membrane; Polymer; Flux; Rejection; Urea
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Aim of the study

This study investigates the optimal conditions for
microfiltration  (\F) and  ultafiltation  (UF)
membranes, followed by the application of multilevel
MFUF on various whey  solutions. Statistical
optimization using the Design of Experiments (DOE)
was employed to identify the most favorable operating

conditions.
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Conclusions

> Microfiltration (MF) was carried out using 0.22 pm
membranes at 1 bar pressure, 25°C. and a stirring
speed of 500 rpm.

» Ultrafiltration (UF) was performed with 100 kDa
membranes at 2.5 bar pressure. 40 rpm stirring
speed. and the same temperature (25°C).

> The 100 kDa and 10 kDa membranes achieved
higher COD rejection in single and multilevel
fltration, respectively.

 The turbulence promoter also improved performance
in the 100 kDa UF system.
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INVESTIGATING THE EFFICIENCY OF WHEY DIAFILTRATION WITH
VARIOUS ANALYTICAL METHODS

Réka Dobozi'?*, Zoltan Péter Jikéi®, Balizs P. Szabé?, Szabolcs Kertész?

'University of Szeged, Faculty of Science and Informatics, Doctoral School of Environmental Sciences, Szeged,
HUNGARY
2University of Szeged, Faculty of Engineering, Department of Food Engineering, Szeged, HUNGARY
3University of Szeged, Faculty of Engineering, Department of Biosystems Engineering, Szeged, HUNGARY

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

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-TET-IPARI-

TR-2022-00011 projects from the National Research, Development, and Innovation Office
(NKFI), Hungary.
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A tejsavo diasziiréssel segitett ultrasziirésének hatékonysagvizsgalata
kiillonboz6 analitikai eljarasokkal
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A TEJSAVO DIASZURESSEL SEGITETT ULTRASZURESENEK
HATEKONYSAGVIZSGALATA KULONBOZO ANALITIKAI
ELJARASOKKAL

Dobozi Réka'2, Beszédes Sandor?, Jakoi Zoltan Péter?, Szabo P. Balazs?, Kertész
Szabolcs?

1Szegedi Tudomanyegyetem, Természettudomanyi és Informatikai Kar, Kérnyezettudomanyi Doktori
Iskola
2Szegedi Tudomanyegyetem, Mérnoki Kar, Elelmiszermérnoki Intézet
3Szegedi Tudoméanyegyetem, Mérnoki Kar, Biologiai Rendszerek Miiszaki Intézete
e-mail: dobozireka@mk.u-szeged.hu

ABSZTRAKT

A tejipar egyik legnagyobb aranyban keletkezé mellékterméke, a tejsavo szamos biologiailag
értékes fehérjefrakciot tartalmaz, amelyek ipari és taplalkozas-élettani hasznositisa egyre
nagyobb jelentdséggel bir. A membrantechnolégiai megoldasok koziil az ultrasziirés (UF) és a
diasziirés (DF) kombinalt alkalmazéasa (UF/DF) lehet6séget biztosit a tejsavofehérjék hatékony
koncentralasara és tisztitasara, amely révén a fehérjekomponensek szelektiv dusitasa valosulhat
meg mas, kisebb molekulatomegli alkotoelemekkel szemben. Kisérleteink célja az UF/DF
eljaras soran végbemend szeparalasi és tisztitasi folyamatok hatékonysaganak atfogo elemzése
volt killonboz6 analitikai és fiziko-kémiai modszerek alkalmazasaval. Az elézetes vizsgalatok
soran a nyers tejsavé a fehérjetartalmat Kjeldahl-mddszerrel, valamint a laktoztartalmat
spektrofotometrias modszerekkel hataroztuk meg. A szlrési folyamat elsé 1épésében
ultrasziiréssel koncentraltuk a tejsavofehérjéket (10 kDa vagasi értékii PES membrant
hasznalva, 500 rpm keverési sebesség alkalmazasa mellett), majd az igy kapott retentatumot
tobblépesés diaszlirésnek vetettilk ala. A DF kezelés soran desztillalt viz hozzéadasaval a
térfogatcsokkentési aranyt (VRR=3) az UF szakaszhoz igazitottuk annak érdekében, hogy
elosegitsiik a kis molekulatomegli komponensek membranon valo atjuttatasat, mikozben a
fehérjefrakciok relativ koncentraciojat noveltiik a retentdtumban. A kiilonbozo sziirési 1épések
eredményeként nyert frakciokat a fentickben emlitett analitikai modszerekkel vizsgaltuk, amely
lehetévé tette a frakcionalas hatékonysaganak kvantitativ és kvalitativ értékelését. Az
osszetételi valtozasok részletes elemzésén tilmenden a frakciok dielektromos tulajdonsagait
(dielektromos alland6, dielektromos veszteségi tényezO) is nyomon kovettik, amely egy
potencialisan 4j megkozelitést kinalhat a membransziirési folyamatok monitorozasara. Emellett
a szlirési hatékonysag fokozéasa és a membranok eltomddésének csokkentése érdekében egy
szirdmodulba integralhaté 3D nyomtatott aramlas-segité alkalmazhatdsagat is vizsgaltuk,
ezaltal novelve a permeabilitast és javitva a teljes sziirési folyamat hatékonysagat. Kutatdsunk
hozzajarulhatnak a membrantechnoldgiai eljarasok optimalizalasahoz, kilonosen a magas
fehérjetartalmi termékek fejlesztési lehetéségeinek bovitésére.

Kdszénetnyilvanitds: A kutatas a Nemzeti Kutatdasi, Fejlesztési és Innovdcios Hivatal, NKFI-FK-142414
és 2022-1.2.6-TET-IPARI-TR-2022-00011 azonosité szamii projektek finanszirozdscbol valésul meg.
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Dobozi Réka'?', Beszédes Sandor?, Jakoi Zoltan Péter?,
Szabé P. Balazs? , Kertész Szabolcs?

1Szegedi Tudomanyegyetem, Természettudomanyi és Informatikai Kar,
Koérnyezettudomanyi Doktori Iskola
2Szegedi Tudomanyegyetem, Mérnoki Kar, Elelmiszermémaki Intézet
3Szegedi Tudomanyegyetem, Mérnéki Kar, Biolégiai Rendszerek Miiszaki Intézete

*dobozireka@mk.u-szeged.hu

laktalbumin

Immuro-
globuiinok

Termelt savé
mennyisége
Globalisan: tobb mint 200 millié tonnalév

Osterag, . Koz, E.

Berensmeier, ., & Hinrichs, J. (2023)

Eurépéban: tébb mint 55 millié tonnalév
Colaices, M., De Micco, C., Macrsl, S, Agimi, G Jan

Protein valoisation from acid
concoming the  filration

ssen, M., Betiga, M., & Pisano, .

(2024) Process essment

ffom choese whey. Biotechnology for Blofuels and Bioproducts, 17(1), 124.

e ktorme 2
&za-mo's"gekek hasznosité®”
Iparagb:

\\ igban

Anyag és médszer

O gydiri

PES membrén /

(10 kDa)

Tamaszto-

BETAPLALAS Nyomas
,Dead-end” sziirécella ﬂ

szabalyoz6

2.5bar

WNLYLIN3ILIY

Taramérleg

Magneses keverd N, palack

Sziirési ciklusok

UF retentatum

w
R =
+100 g viz .
02 }ﬂl. DF1 permeétwu\
DF1 = !
[ VRR =3 ] e
+100 g (Bosiritésiarény
~ }m» DF2 permeétumE
DF2 -

= H
S 5

~11009 | B3 permeatum|
( VRR =3 }
(Besiritsi aé
DF4 permeatum|

DF4 retentatum

A

Miiszaki, Technolégiai és Gazdasagi Kihivasok a XXI. szazadban

\F

Fehérje elvalasztasi

ke

Miiszaki, ogiai és Kihivasok a XXI.

‘7

Anyag és médszer

Miszaki, Technolégial és Gazdaségi Kihivasok a XXI. szazadban

A

L

Anyag és médszer

[ Permeatum fluxus

‘ Jp=5L [kglrim?] ’

T E lyi allapotot | TMP [Pa]
[kgh m? | megkezelits nyomas
l permeatum fluxus
Jg Vizfluxus aszirés | np[Pas] | Apermeatum dinamikai
kgh' mq | utan viszkozitasa 25°C-on
Vizfluxus atiszta Ny [Pas] | Aviz dinamikai
[kgh' m? | membranon viszkozitésa 25°C-on

technikak

S
48

0s jj

ekte e 2

A\ S2dm, "Mékek hasznositds
Iparagb;

S5 Pardgban

Reverzibilis ellenallas:
TMP

Szlirési

Rpgy=——— —Ry—R
Rev = 7~ B~ Rinaey

sllasok ]

Rreijes = Ry + Rirrev + Rrev

(o]

Irreverzibilis ellenallas:
7 __TMP

IRREV = T

Jv2 * Motz

Membran ellenallas:
TMP.

R

M T e

Szervesanyag-, laktoz- és
fehérjetartalomra

5

»

(" Kémiai oxigénigény (KOI) |

Kalium-dikromatos teszt csévekkel (Hanna
Instruments, USA), 150°C-os és 120 perces
roncsolasi idével, spektrofotometrias modszerrel
(Lovibond, Germany)

[ Fehérje tartalom meghatarozas ]

UF-DF4
©

KORRELACIOVIZSGALAT

Dielektromos
tulajdonsagok

Kjeltec 2300 fehérjeanalizator

(FOSS Analytical, Denmark)

Teljes szilard anyag tartalom: 105 + 5°C
hoémérsékleten tmegallanddsagig valo szaritassal

Nyi

égli dielektromos

Vektorhalézat analizator

Tand = £”/¢’

[ Lakt6z tartalom meghatarozas ]

L

Tej és tejtermék analizator; Bentley 150
Teljes szilard anyag tartalom: 105 + 5°C
hémérsékleten témegallandésagig valé szaritassal

mérészenzor (Speag DAK 3.5)

(Rhode&Schwarz ZVL-3)

(disszipacios faktor)

Miiszaki, 6giai és Kihivasok a XXI.

k)

Membranszeparacié

Il

Ultrasziirés (UF)

k)

Miiszaki, Technolégiai és Gazdasagi Kihivasok a XXI. szazadban

Célkitlizés

Az ultrasziirés és a tobblépcsés diasziirés

alkal B

fehérjék k ala

B
1ak
=

A szirésifolyamat t
kiilonb6z6 membraneltomdédési szamitasok és
analitikai médszerek segitségével

A dielektromos mérési médszer
alkalmazhatésaganak vizsgalata a sziirési

Y A

A

N

Miiszaki, 6giai és Kihivasok a XXI.

Eredmények és értékelésiik

)

Miiszaki, Technolégiai és Gazdasagi Kihivasok a XXI. szazadban

L

A sziirési hatékonysag vizsgalata

o, VUF 1 DFl IDF2] DF4 |
i

35 A ! L7
£ ! [l
T 30 4 i e E
o 1 ©
X 25 - L 52
0 [ =
2 20 ! X

1] L
e & i i 2
E 15 1 ! \-3"=“
‘@

2

S 10 4 o L2 5
£ g

S 51 L1

0 - . . ; ~to

o 1 2 3 6 7 8

1d& [h]

BIR overzibitis
FIRuejies

ORmembran
BIRreverzibilis

L

Miiszaki, Technolégial és Gazdaségi Kihivasok a XXI. szazadban

A

ko

Miiszaki, ogiai és Kihivasok a XXI.

‘11

A

Miiszaki, Technolégiai és Gazdasagi Kihivasok a XXI. szazadban

L

=
23



A membran szelektivitdsanak vizsgalata A retentatumok beltartalmi paramétereinek valtozasa

a szlirési folyamat elérehaladtaval

100 - 100 -
F— - - .90 A
90 A Fehérje visszatartas: 88.14% ___ T 7740 79,55
80 1 =UF 8 5 801 -
—_ 66,21 = UF-DF1 g g 70 89,51 66,29
® 70 1 : = UF-DF1-DF2 2> -
0 53,41 UF-DF1-DF2-DF3 5 & 60
§ 60 1 5113, . 4505  ®UF-DF1-DF2-DF3-DF4 sy 49,46 48,00
s n 5 5 50 1 :
] 50 1 40,74 N N 40 A
$ 40 1 2R 28,48 30,20
S o 30 1 ’
30 o N
20 15,37 Eg 20 14,3 10,79
907 75 7.78 £ 3 10 - i
10 A 0
0 Kezdeti UFret. DF1ret. DF2ret. DF3ret. DF4ret.
Kol Laktoz savo
k A Miszaki, ogiai és agi Kihivasok a XXI. sza ‘ 13 k A Miiszaki, Technoldgiai és Gazdasagi Kihivasok a XXI. szazadban ‘ 14

A sziirési frakciok dielektromos spektruma

A sziirési frakciok beltartalmi paramétereinek
korrelaciovizsgalata a disszipacids tényezével

Permeatumok Retentatumok (f=2800 MHz)
dielektromos spektruma dielektromos spektruma
0,14 0,14
T p—ry——y—— U —OF1 —DF2 —DF —oF Permeatum 00 Retentatum
0,12 0,12
800 MHz
o0 01 800 MHz
0 0,08 10 0,08 R*=0,9776
E 0,08 § 0,06 r= ‘D 9887
2
0,04 0,04
R? = 0,9952
0,02 0,02
r=0,9976
0,00 + 04 00t r=0,9955 a0t
"’§’§“§§°§ 0"“\‘@»@&@&“@{0& '\?Qg S éh's“g'\"?“\"@\&@&w“““i&“w& [E. 0
f [MHz] f [MHz] ° 1 2 b4 4 N o 1 2 3 4 6
¢ [9/100g] ¢ [g/100g]
k A Miiszaki, ogiai és agi Kihivasok a XXI. sza ‘ 15 k A Miiszaki, Technolégiai és Gazdasagi Kihivasok a XXI. szazadban ‘ 16

Osszefoglalas

( Az ultrasziirés és a tobblépcsés ) 'Tovébbi kutatas celok'l

vizsgélata a savofehérjék

R LS Miiveleti paraméterek
és

7 optimalizalasa
Membran tisztitasi

vizsgalatok

&

A sziirési folyamat

hatékonysaganak elemzése \ Eltémddés
(] 626 analitikai mo ek csokkentésének
segitségével vizsgélata
V~ Tovabbi alapanyag-

matrixok bevonasa
Adielektromos mérési médszer

- Dielektromos méréseken
[éﬁﬂ alapulé monitoring

a szlirési folyamat nyomon 2 ®
modszerek tesztelése

kévetésében 7

Q
Iv

K6sz6ném szépen a figyelmet!

A kutatas a Nemzeti Kutatasi, Fejlesztési és Innovacios Hivatal,
NKFI-FK-142414 és 2022-1.2.6-TET-IPARI-TR-2022-00011
azonosité szamu projektek finanszirozasabol valésul meg.

% AZ NKFI ALAPBOL
e MEGVALOSULO
Newzem Ko, Feuesris

£S INNOVACIOS HIVATAL PROJEKT

k Ay Miszaki, ogiai és agi Kihivasok a XXI. sza ‘ 17 k 3ws  Miszaki, Technolégial és Gazdaségi Kihivasok a XXI. szézadban ‘ 18

AlJSAvg

UlTgy, o

i1 oo PATERGIRA- £
KL G A EKONy s DS atipece
NBE e 2N SAGyp - 2URESE
026 ANALIT\KV;;‘ZEE’_]A'LA“ i

ARASH
D0b0zi Riesiz, 5
Stabi B Baes Ri?:\:;“;::;‘ il

Bzeged; Tw‘mw;ymmm Tormes e, “’1
L KBy szatiatomy it
5 ioch s

24



Tudomanyos, szakmai konferencia részvételek

Projektiink masodik éve alatt a projekthez szorosan kétédéen 7 db
tudomanyos konferencia részvétel tortént, melyeken 12 db kiilonb6z6
anyaggal vettiink részt:

1. 2025.04.27-30. Portéban ,,Desalination for the Environment: Clean Water and Energy” nemzetkozi
konferencian két szébeli el6adas (,Synergistic effects of 3D-printed spacers and modular vibration
towards membrane fouling mitigation” cimmel: [MTMT kozlemény azonosité: 36241707];
,Optimization of membrane filtration processes using the design of experiments in different whey
solutions” cimmel: [MTMT kozlemény azonositd: 36241709];) és egy poszter bemutatdsa
(,Improvement of ultrafiltration by module integrated 3D printed turbulence promoters” cimmel:
[MTMT: 36241712])

1. 2025.05.15. Hédmez6vasarhelyen a ,22nd WELLMANN INTERNATIONAL SCIENTIFIC CONFERENCE”
nemzetkozi konferencidn egy darab poszter bemutatdsa (,Investigating the efficiency of whey
diafiltration with various analytical methods” cimmel: [MTMT: 36216253])

IIl. 2025.05.30. Szegeden a ,Mf(szaki, Technolédgiai és Gazdasdgi Kihivdsok a XXI. szdzadban”
konferencidan egy darab szdbeli el6adds (,A tejsavd diaszliréssel segitett ultraszlirésének
hatékonysagvizsgdlata kilonb6z6 analitikai eljdrasokkal” [MTMT: 36197987])

IV. 2025.10.13-14. Szegeden az ,31st International Symposium on Analytical and Environmental
Problems (ISAEP 2025)" nemzetkdzi konferencian egy szdbeli el6adés tartédsa (,,Computational fluid
dynamics simulation of membrane fouling mitigation using 3D printed turbulence promoters” cimmel:
[MTMT: 36431070]) és egy darab poszter bemutatdsa (,Resistance structure and solute removal
pathways in UF-DF of sweet whey” [MTMT: 36447286])

V. 2025.10.23-25. Nagyszeben-ben a ,XXXI. Nemzetkodzi Vegyészkonferencia: 31th International
Conference on Chemistry” nemzetkdzi konferencian egy darab poszter bemutatasa (, Tisztitoszerek
hatékonysdganak vizsgdlata savéval eltomddott mikroszliré membran regenerdlasara: Testing the
effectiveness of detergents for regenerating a microfilter membrane clogged with whey” [MTMT:
368727271)

VI. 2025.11.05-07. Balatonszarszon a ,XVI. Kérnyezetvédelmi Analitikai és Technolégiai Konferencia
(XVI. KAT) és 64. Magyar Spektrokémiai Vandorgy(lés (64. MSV)” konferencian harom darab szébeli
el6adéds tartdsa (,3D nyomtatott aramlds terel6 egységek haszndlatdnak hatdsai a szlirési
hatékonysagra” [MTMT: 36899595]; ,A tejsavé ultra- és diasz(irésének hatékonysdg-vizsgalata
klonb6z6 vagasi értékd membranok és dielektromos paraméterek vizsgélatdval” [MTMT: 36857400];
JTisztitészerek hatékonysaganak vizsgdlata savéval eltomott mikroszlir6 membran regenerélasara”
[MTMT: 36872796])

VII. 2025.11.12. Mosonmagyarévaron a ,40th Ovéar Scientific Day International Conference”
nemzetkozi konferencian egy szdbeli elSadds tartdasa (,A tejsavd ultra- és diaszlirésének
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COMPUTATIONAL FLUID DYNAMICS SIMULATION OF MEMBRANE
FOULING MITIGATION USING 3D PRINTED TURBULENCE PROMOTERS

Aws N. Al-Tayawi'?, Zsuzsanna Lszl6>, Cecilia Hodr ?, Szabolcs Kertész™*
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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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RESISTANCE STRUCTURE AND SOLUTE REMOVAL PATHWAYS IN UF-DF OF
SWEET WHEY
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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 (R7) and its components — membrane resistance (Ru),
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 Rrey. 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 Rr. 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]. The “washing” effect of
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-oft (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 (Rrey) and
irreversible resistance (Rrr) [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 (R7) and its components — namely membrane resistance (Ryy), and
the aforementioned reversible resistance (Rgey), and irreversible resistance (Rig) — 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
(R7), and the relative contributions of membrane resistance (Ry), reversible resistance (Rrey),
and irreversible resistance (Rpg). 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) with an active membrane surface area of 40 cm? was used. The membranes were
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
water for 1 hour. Experiments were carried out at room temperature (22 + 1 °C), under a
transmembrane pressure (7MP) 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 (DF[—-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., US4) operating with near-infrared (N/R) 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 (Ru), reversible resistance (Rrey), which is associated
with the concentration polarization layer and loosely bound deposits removable by hydraulic
rinsing, and irreversible resistance (Rzr), 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 and lactose retention (10 kDa: r = 0.997; 30 kDa: r =
0.992; 50 kDa: r = 0.996). These findings confirm that the decrease in COD was primarily
caused by the change in concentration of dissolved components washed out during diafiltration.
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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 1is 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 (Rrer
~ 64.5/58.8/81.8%). This suggests that 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.
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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 DF'/, 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].
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Figure 2. Evolution of COD and lactose retention across the different MW CO 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 Rr 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 DF/, 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 MIWCO-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 DF'1
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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Whey is a high-volume by-product of dairy processing, rich m va|uable proteins, lactose, and mlnerals yet its utilization remains limited in many reglons

due to challenges related to shelf life, and i such as i ion (UF) and
(DF) offer chemical-free, I gy routes for izing whey streams, but their efflclency depends not only on the nominal molecular weight cut-off
(MWCO) of the membranes, but also on fouling ics and (CP) 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. Relentlon of chemical
oxygen demand (COD) and lactose was and the of total (Ry) and its (RM),
(Regy), and i i (Rige) — Was Results showed that COD retention closely followed lactose concentration
changes, with strong (r = 0.99), irming that small, solutes COD trends. UF exhibited clear MWCO-dependent
retention (10 kDa > 30 kDa > 50 kDa), whereas during DF the sharpest decline occurred in the flrst diafiltration cycle (DF1), due to dilution-induced
disruption of the layer and ion of Regy. Beyond DF2, and the of the 30 and
50 kDa indicating that ic control nominal MWCO differences. For the 10 kDa membrane, irreversible
fouling became more prommenl in later DF steps, increasing Ry. Overall the first DF cycle resulted in the greatest removal of dissolved components with
low weight, while cycles il toa ishing 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.

RESULTS AND DISCUSSION & CONCLUSIONS

The changes observed in COD retention during
UF-DF primarily reflected the behavior of the
small molecular weight fraction (permeable to

MATERIALS ANDIMETHODS
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1509 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.
UF permeate ) | | After DF2, Ry 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, R; increased alongside the relaxation and collapse of the CP layer, and a
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The UF-DF experiments confirmed that COD and lactose retention are primarily determined
of

by the removal of low weight and the
L]/ ) coD digestion thermoblock (2 hours at 150°C) and the CP layer. During the UF phase, a clear MWCO- pattern was ; however,
(Lovibond, Germany) as DF prog the ion behavior of the 30 and 50 kDa membranes became
indicating the i of ic control. In contrast, for the 10 kDa
Lactose content of fouling became more prominent during the later DF
f I

(Eeﬂlf:_?y /N€mlm9"’§;'i’r”0;d UfVA”)? impurities (e.g., lactose, ions), while DF cycles
operating with near-infrared (MR} sensors effects but contributed to the purification of the retamed protein fractions.

Lactose concentration was analyzed with a milk analyzer ‘ stages. The DF1 step enabled the most of low weight

Our results suggest that for itis to apply a limited number of
jection rates DF cycles, with careful selection of membrane type and cut-off value, while conslderlng
¢ hydrodynamic factors and fouling i These findings il to the imi:
Runass flow-based = (1 = perie of whey-based membrane processes and may provide a basis for future studies on flux
Cfeed " Myeed decline and the of cleaning

ACKNOWLEDGEMENTS

| PROGRAM
The Authors are grateful for the support provided by the Ministry of Culture and Innovation's University Research g FINANCED FROM
Scholarship Program, financed by the National and ion Fund (EKOP-255-SZTE). E!(?? THENRDIFUND
Furthermore, this study was supported by the 142414 FK and 2022-1.2.6-TET-IPARI TR-2022-00011 projects from the ""’{}5““
National and ion Office (NRDI), Hungary. [ v e




Results and Discussion

L. Shape Test

& R

rLTE o

i Dy Sim

hetion

e ataiion Usina 30

B ines Bromot

36



Tudomanyos, szakmai konferencia részvételek

Projektiink masodik éve alatt a projekthez szorosan kétédéen 7 db
tudomanyos konferencia részvétel tortént, melyeken 12 db kiilonb6z6
anyaggal vettiink részt:

1. 2025.04.27-30. Portéban ,,Desalination for the Environment: Clean Water and Energy” nemzetkozi
konferencian két szébeli el6adas (,,Synergistic effects of 3D-printed spacers and modular vibration
towards membrane fouling mitigation” cimmel: [MTMT kozlemény azonosité: 36241707];
,Optimization of membrane filtration processes using the design of experiments in different whey
solutions” cimmel: [MTMT kozlemény azonositd: 36241709];) és egy poszter bemutatdsa
(,Improvement of ultrafiltration by module integrated 3D printed turbulence promoters” cimmel:
[MTMT: 36241712])

1. 2025.05.15. Hédmez6vasarhelyen a ,22nd WELLMANN INTERNATIONAL SCIENTIFIC CONFERENCE”
nemzetkozi konferencidn egy darab poszter bemutatdsa (,Investigating the efficiency of whey
diafiltration with various analytical methods” cimmel: [MTMT: 36216253])

IIl. 2025.05.30. Szegeden a ,Mf(szaki, Technolédgiai és Gazdasdgi Kihivdsok a XXI. szdzadban”
konferencidan egy darab szdbeli el6adds (,A tejsavd diaszliréssel segitett ultraszlirésének
hatékonysagvizsgdlata kilonb6z6 analitikai eljdrasokkal” [MTMT: 36197987])

IV. 2025.10.13-14. Szegeden az ,31st International Symposium on Analytical and Environmental
Problems (ISAEP 2025)" nemzetkdzi konferencian egy szdbeli el6adas tartédsa (,,Computational fluid
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Tisztitdszerek hatékonysaganak vizsgalata savéval
eltdémédétt mikrosziiré membran regeneralasara

Testing the effectiveness of detergents for regenerating a
microfilter membrane clogged with whey

TIMEA Miklos"", ECE Degirmenci', HADID Sukmana', DANIEL Tanacs?, NORA
Garabné Abraham?, ANDREA Siiveges-Gruber?, GABOR Veréb', ZSUZSANNA
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ABSTRACT

In this research, the effectiveness of different detergents were investigated for cleaning polymer
(polyethersulfone, PES) membranes clogged with whey, which were developed in connection with an
international TET project by UNICHEM Ltd. The experiments were carried out with previously
optimized conditions (500 rpm, 1 bar, 25°C). The pore size of the microfilter membranes is 0.22 um,
with which we made the separation of both model and real dairy waters in advance, and then the clogged
membranes underwent chemical washing. During the membrane separation the initial, clogged and after
chemical treatment flux values, the efficiency/flux-increasing effect of the cleaning agents, as well as
the contact angle values of the clean and clogged membranes were characterized. The chemicals were
measured for their electrical conductivity, salt content, TDS and pH. The membrane cleaning was
performed with both extremely acidic and alkaline detergents, with the latter (pH 11.8) being preferred.
Further studies will be conducted to select the most effective cleaning agent(s).

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

Keywords: whey, detergent, microfiltration, polyethersulfone, surface cleaning

OSSZEFOGLALO

Tejsavoval eltomodott polimer (poliéterszulfon, PES) membranok tisztitdsara kilonbozo
detergensek hatékonysagat vizsgaltuk, melyek egy nemzetkozi TET projekthez kapcsolodoan keriiltek
kifejlesztésre a UNICHEM Kft. altal. A kisérleteket elozetesen optimalizalt koriulmények kozott (500
rpm, 1 bar, 25°C) végeztiik. A mikrosziir6 membranok porusmérete 0,22 um, melyekkel modell- és
valos tejipari vizek szétvalasztasat is elozetesen elvégeztik, majd az eltomddott membranok vegyszeres
mosason estek at. A membranszeparacio soran jellemeztik a kezdeti-, eltomddott- és vegyszerkezelés
utani fluxus-értékeket, a tisztitoszerek hatékonysagat/fluxus-noveld hatasat, valamint a tiszta és
eltomédott membranok kontaktszog-értékeit is. A vegyszereknek megmértik az elektromos
vezetOképességeét, sotartalmat, oldott anyag tartalmat és pH-értékét. A membrantisztitast elvégeztitk
extrém savas és lugos detergensekkel is, melyek koziil az utébbi (pH 11,8) eldnyosebb volt. A
leghatékonyabb tisztitoszer(ek) kivalasztasahoz még tovabbi vizsgalatokat fogunk végezni.

Koszonetnyilvanitas: A kutatas a Nemzeti Kutatasi, Fejlesztési és Innovacios Hivatal 2022-1.2.6-
TET-IPARI-TR-2022-00011 azonosité szamu projektje finanszirozasabol valosult meg.

Kulcsszavak: tejsavo, detergens, mikrosziirés, poliéterszulfon, felilettisztitas

Erdélyi Magyar Miiszaki Tudoméanyos Tarsasag — EMT
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TESTING THE EFFECTIVENESS OF DETERGENTS FOR REGENERATING A MICROFILTER MEMBRANE CLOGGED WITH WHEY

TIMEA Miklés'*, ECE Degirmenci', HADID Sukmana', DANIEL Tanics?, NORA Garabné Abrahim?, ANDREA Siiveges-Gruber?, GABOR Veréb!,
@\ FF s ZSUZSANNA Liszlo!, SZABOLCS Kertész!* i
%1 1Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Moszkvai Bivd. 9, Szeged, Hungary
2 “UNICHEM' Chemical, Manufacturing and Trading Ltd.
6760 Kistelek,

*timi.m0124@gmail.com

L_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 propertics — are significantly fouling or clogging, so regeneration is necessary for the sustainable use of the technology. Therefore, the goals of the present rescarch 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 TET project by UNICHEM Lid.

1l. MATERIALS AND METHODS Il RESULTS . .
Analytical properties of detergents Model dairy water’s flux values
53218

Ciskola it 3.

* Membrane: polyethersulfone, Labex Ltd., FilterBio® PES membrane filter,

“Two kind of detergents were investigated with increasing concentration (No.

Nodetwater o
= nclustral water S 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;

EJJJIiJJ

CHEMICAL CLEANING
Detegenst were developed by Uniche L. (1)

Vi =50 ml; AP= “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;

“1In the case of fouling with real whey water detergent No. 3 was similarly
effective (fluxincreased 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.

Contact anglel’]

I
1
0.22 pm pore size. 1 Sample Ss00
*Whey powder. BioTechUSA 100% pure whey protein drink powder (natural, 1 No. | G°de | pH ECIUS] Saltlppm] TDSIppm] e 88% 50547 e
unflavored) 1 B2s0e1s | 61 202 % % 4562
= COD measurements: Lovibond ® MD200 COD Vario Photometer 1 2 |B2s0c1a | 60 341 162 229 z 40
= pH measurements: HANNA Instruments, Portable pH Meter | 3 |e2sote | 62 ass 220 506 £ 4000
* EC, salt, TDS content: Voltraft ® KBM-90 Combination Measuring Device 4 lexoeto| 60 se0 280 402 | < 3500
1 5 |ezs0020 | 58 177 5 T8 2 300
DAIRY WATERS: I 6 |s2soer | 57 3e2 173 243 s
7 | e2s062s | 69 512 21 343 byes
Model whey water luced/real whey w 1 s | e2soezs | 58 sss 329 453
6 g whey powder + 100 mL UP water Pmduced in SOLE MIZO Ltd, factory Szeged (HY) 9 | A250501 | 11.8 65480 38720 44520 500 ® Initial fl :
! 10| A250505 | 03 outotrange outotrange outorrangel 1000 il e
- B ! e o
100 pLsE el Retentate  permeste . = Iniial lux ixafter detergen
Q ot oo s e : Produced dairy water's flux values - """ sqauxay TopeD]
o pn Som = Flu aftordatergont
w fel  es s a3 1 e
b som o m
© 1 156 o5t - _
s MEMBRANE FILTRATION (Millipore XFUF07601) P o = H
o PES MF membrane (0.22 ym pore sze) E oo - £
Vi =100 ML b Vi 30=50 ML + V=50 b (VRR=2) 1 §am s s
E AP=1 bar 1 E 3000 H
%)
= ~t " 1 e
i , 20m
> o 1510
= 3 / 1 1om
o = : 1 500
& e 1 o . . : : . ,
] ' 2 3 “ s s 7 0
B\ = 1
i Contact angles of fouled membranes after chemiral cleanin,
!
1
1
1
I
1
1
1
1
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Tudomanyos, szakmai konferencia részvételek

Projektiink masodik éve alatt a projekthez szorosan kétédéen 7 db
tudomanyos konferencia részvétel tortént, melyeken 12 db kiilonb6z6
anyaggal vettiink részt:

1. 2025.04.27-30. Portéban ,,Desalination for the Environment: Clean Water and Energy” nemzetkozi
konferencian két szébeli el6adas (,Synergistic effects of 3D-printed spacers and modular vibration
towards membrane fouling mitigation” cimmel: [MTMT kozlemény azonosité: 36241707];
,Optimization of membrane filtration processes using the design of experiments in different whey
solutions” cimmel: [MTMT kozlemény azonositd: 36241709];) és egy poszter bemutatdsa
(,Improvement of ultrafiltration by module integrated 3D printed turbulence promoters” cimmel:
[MTMT: 36241712])

1. 2025.05.15. Hédmez6vasarhelyen a ,22nd WELLMANN INTERNATIONAL SCIENTIFIC CONFERENCE”
nemzetkozi konferencidn egy darab poszter bemutatdsa (,Investigating the efficiency of whey
diafiltration with various analytical methods” cimmel: [MTMT: 36216253])

IIl. 2025.05.30. Szegeden a ,Mf(szaki, Technolédgiai és Gazdasdgi Kihivdsok a XXI. szdzadban”
konferencidan egy darab szdbeli el6adds (,A tejsavd diaszliréssel segitett ultraszlirésének
hatékonysagvizsgdlata kilonb6z6 analitikai eljdrasokkal” [MTMT: 36197987])

IV. 2025.10.13-14. Szegeden az ,31st International Symposium on Analytical and Environmental
Problems (ISAEP 2025)" nemzetkdzi konferencian egy szdbeli el6adas tartédsa (,,Computational fluid
dynamics simulation of membrane fouling mitigation using 3D printed turbulence promoters” cimmel:
[MTMT: 36431070]) és egy darab poszter bemutatdsa (,Resistance structure and solute removal
pathways in UF-DF of sweet whey” [MTMT: 36447286])

V. 2025.10.23-25. Nagyszeben-ben a ,XXXI. Nemzetkodzi Vegyészkonferencia: 31th International
Conference on Chemistry” nemzetkdzi konferencian egy darab poszter bemutatasa (, Tisztitoszerek
hatékonysdganak vizsgdlata savéval eltomddott mikroszliré membran regenerdlasara: Testing the
effectiveness of detergents for regenerating a microfilter membrane clogged with whey” [MTMT:
368727271)

VI. 2025.11.05-07. Balatonszarszén a ,XVI. Kérnyezetvédelmi Analitikai és Technoldgiai Konferencia
(XVI. KAT) és 64. Magyar Spektrokémiai Vandorgy(ilés (64. MSV)” konferencian harom darab szébeli
el6adéas tartdsa (,3D nyomtatott aramlds terel6 egységek haszndlatdnak hatdsai a szlirési
hatékonysagra” [MTMT: 36899595]; ,A tejsavé ultra- és diasz(irésének hatékonysdg-vizsgalata
klonb6z6 vagasi értékd membranok és dielektromos paraméterek vizsgélatdval” [MTMT: 36857400];
JTisztitészerek hatékonysaganak vizsgdlata savéval eltomaott mikroszlir6 membran regenerdlasara”
[MTMT: 36872796])

VII. 2025.11.12. Mosonmagyarévaron a ,40th Ovéar Scientific Day International Conference”
nemzetkozi konferencian egy szdbeli elSadds tartdasa (,A tejsavd ultra- és diaszlirésének
hatékonysdagvizsgdlata dielektromos mérésekkel” [MTMT: 36857405])
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Balatonszarszo, SDG Csaladi Hotel és Konferencia-ke¢

2025. november 5-7.
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MKE Kornyezet-analitikai és Technoldgiai Tarsasag
MKE Elelmiszer-tudomanyi Szakosztaly

MKE Analitikai Szakosztaly

MKE Magyar Spektrokémiai Tarsasag

MTA Spektrokémiai Munkabizottsag

Balatonszarszo, SDG Csaladi Hotel és Konferencia-kézpont

2025. november 5-7.

MAGYAR HUNGARIAN
KEMIKUSOK CHEMICAL
EGYESULETE SOCIETY

Magyar Kémikusok Egyesllete, 2025
ISBN 978-615-6018-35-9
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XVI. Kornyezetvédelmi Analitikai és Technolégiai Konferencia
és

64. Magyar Spektrokémiai Vandorgyiilés

Konferencia févédnok:
Raisz Aniko kérnyezetiigyért felelés dllamtitkar, Energiaiigyi Minisztérium

Konferencia tarselnokok:
. Simonné Sarkadi Livia, az MKE Tiszteletbeli Orokos Elnoke

. Zaray Gyula, az SKT Tiszteletbeli EInoke

A szervezibizottsag tagjai:
MKE Kérnyezet-analitikai és Technologiai Tarsasag

. Braun Mihaly

. Buzas Ilona

. Agoston Csaba

. Alapi Tiinde

. Domokos Endre

. Horvath Krisztian
. Maasz Gabor

MKE Elelmiszer-tudomanyi Szakosztaly

. Abrank6 Laszlo

MKE Analitikai Szakosztaly

. Adanyiné Kisbocskoi Nora
. Osvath Szabolcs

MKE Magyar Spektrokémiai Tarsasag
. Ziegler 11diko
. Baranyai Edina

MTA Spektrokémiai Munkabizottsag
. Varga Imre Péter

. Berlinger Balazs

MKE Titkarsag
. Schenker Beatrix

. Szab6 Janos Zoltan

XVI. KAT Magyarorszag kérnyezetvédelmi feladatai, jogi és miiszaki szabalyozasi stb. kérdések

EInék: Alapi Tiinde

12:10-12:30 012. AZ OKOCIMKEZES JELENTOSEGE A KORNYEZETVEDELEMBEN
Méréné Notas Erika, Barta Géza Robert

12:30-12:50 013. AZ ASZEK MUKODESE ES A TAGSAG ELONYEI
Papp Zoltan

12:50 - 14:00 Ebéd

MSV Fémionok mérése a jové technoldgiaihoz
EInék: Zsirka Baldzs

14:00 - 14:20 014. A LITIUM-ION AKKUMULATORIPAR ANALITIKAI KEMIAI ES VIZTISZTITAS
TECHNOLOGIAI KIHIVASAI
Zaray Gyula

14:20-14:40 015. 3D NYOMTATOTT ARAMLAS TERELO EGYSEGEK HASZNALATANAK
HATASAI A SZURESI HATEKONYSAGRA
Kertész Szabolcs*, Laszlé Zsuzsanna, Veréb Gabor, Csanadi Jézsef,
Beszédes Sandor, Lendvai Edina, Tanacs Daniel, Garabné Abraham
Nora, Stiveges-Gruber Andrea, Hodur Cecilia

14:40-15:00 016. AZ ALKALI FEM MATRIXOK A STRONCIUM ELEMZ®O VONALAIRA
KIFEJTETT HATASANAK VIZSGALATA
Grdczer Kitti, Banhidi Olivér, Muranszky Gabor, Viskolcz Béla

MSV Anyagvizsgalati médszerek kornyezeti és analitikai alkalmazasa
Elnék: Berlinger Baldzs

15:00-15:20 017. AGYAGASVANY —Zn0O — CuO RENDSZER OPTIMALIZALASA
FOTOKATALIZATOR ALKALMAZASBAN
Vagvolgyi Veronika, Zsirka Baldzs, Juzsakova Tatjana

15:20 - 15:40 018. MODERN ANALITIKAI MEGKOZELITESEK A FELSZINI ViZMINTAK
ANALIZISE SORAN
Dobosy Péter

15:40 - 16:00 019. LEGKORI KOROM AEROSZOLOK KIBOCSATO FORRASAINAK SPEKTRALIS
ALAPU AZONOSITASA
Ajtai Tibor, Abdul Rahman, Bozdki Zoltan

16:00-16:30 Kdvésziinet / poszter
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3D NYOMTATOTT ARAMLAS TERELO EGYSEGEK HASZNALATANAK HATASAI A
SZURESI HATEKONYSAGRA

Kertész Szabolcs®", Laszl6 Zsuzsanna®, Veréb Gabor®, Csanadi Jozsef’, Beszédes Sandor?,
Lendvai Edina®, Tanéacs Déniel’, Garabné Abraham Néra’,
Suiveges-Gruber Andrea’, Hodur Cecilia”

Szegedi Tudomdnyegyetem Mérnéki Kar, 6725 Szeged Moszkvai krt. 9.
Y UNICHEM” Vegyipari, Kereskedelmi, Szolgdltatd Kft., 6760 Kistelek, KGiskola ut 3.
“E-mail: kertesz@mbk.u-szeged.hu

A Szegedi Tudomanyegyetem (SZTE) Mérnoki Kardn (MK) szamos projekt folyik jelenleg is a
szennyviztisztitdssal és kilonboz6 ipardgakbdl keletkez6 melléktermékek hasznositdsaval
kapcsolatban. Példaul a Bioldgiai Rendszerek Mdiszaki Intézetében (BRMI) kutatjuk a tejipari
szennyvizek tisztitdsanak hatékonysdgdat és élelmiszeripari melléktermékek feldolgozasanak
lehet§ségeit. Munkank soran vizsgdljuk a kilonb6z6 membranszeparacids egységekben
kialakulé d&ramlastani viszonyokat és azok megvaltoztatdsanak lehet6ségeit, hatasait az
eljarasok paramétereire vonatkozdan. Célunk, hogy 3D nyomtatott dramlds terel6 egységek
haszndlataval elérjilk a membran feliileti nyiré er6k nagysaganak névelését, ami a polimer
membranok eltomddését jelent6s mértékben csokkentheti. Ez azért fontos, mivel a
membranok eltdémédése még napjainkban is az egyik legjelentésebb hatranya a membréanos

emlitett szlirGegységekbe illesztett 3D nyomtatott dramlds terel6 egységek egyiittes
hasznalatanak eredményeképpen még nagyobb foku eltomddés csokkentést érhetiink el. A
megfelel6 alak és anyag kivalasztasanak azonban dont§ jelent6sége lehet. Ezért sajat
tervezési 3D nyomtatott kialakitdsokat tesztelink a membranszeparacids hatékonysagra
vonatkozdéan (permedatum anyagarams(iriiségre, kialakulo ellendllasi értékekre és a membran
visszatartasi eredményeire), de a mechanikai tulajdonsiagokra is (els6sorban (tésre,
szakitasra, de akar UV ellenallasra, 6regedésre).

A BRMI-ben a tejipari melléktermékek feldolgozasanak lehetGségeivel is foglalkozunk. A
gyartasi folyamatok sordn nagy mennyiségben keletkezd ird és tejsavd, mint melléktermékek
hasznositasat kutatjuk. Ezek régoéta ismertek magas tapértékikrél és az immunrendszert
segit6 komponenseikrél. Célunk a nem-termikus élelmiszer-feldolgozdsi technoldgiak
kombinacidja (mivel az immunstimulaldé vegyiletek tobbsége érzékeny a hékezelésre), mint
példaul a Mikrosziirés (MF), az ir6 és a tejsavd kezdeti mikrobidlis terhelésének
csokkentésére és a funkcionalis tejvegyiiletek elézetes koncentraldsara; Ultrasziirés (UF), a
diasz(irés. Tovabba az "UNICHEM" Vegyipari, Kereskedelmi, Szolgéltatd Kft. egyittmiikddve a
kilonb6z6 moddon eltom&dott membranok tisztitdsara tobbféle Osszetétellel rendelkezd,
sajat gyartasu specialis tisztitdszereket is tesztelik a membranok minél tébb ciklusban
megvalosithatd sziiréseinek fenntartdsa érdekében és a z0ld-kémia elvek szigoru
szabdlyainak betartasa mellett.

Kdszénetnyilvanitas:

A kutatds a Nemzeti Kutatasi, Fejlesztési és Innovacios Hivatal, NKFI-FK-142414 és 2022-1.2.6-
TET-IPARI-TR-2022-00011 azonosité szamu projektek finanszirozasabdl valésul meg.
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3D nyomtatott aramlds tereld egységek
haszndlatdinak hatdsai a sziirési
hatékonysdgra

Eldadé:
Dr. habil. Kertész Szabolcs
egyefemi docens

kertesz@mk.u-szeged.hy

szegedi Tudomdnyegyetem

Méméki Kar 3F

BiolSgiai Rendszerek Mdszaki Infézete (BRMI)

szq.
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rénszirési eljardsok
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MERNOKI KAR _ Vgév

eltomddés ¥ recirkulécis térfogataram (7,...)
csokk é

1 ¥ transzmembran nyomds (THP)

: Megnovelt membran felileti nyiré erok
lehetségei [ v keverés (szakaszos, dead-end); gy, (folyamatos, crossflow)|

v promoterek modulba integrslasa »
+ membran modul vibraci (VSEP: \

¥ rotacios modulok

Membran- | kombinalt membranos rendszerek
szrémodulba

¥ ultrahangos kezelés

ilesztése v tébblépcsts membranos eljarasok | 3D nyomtatott elemek
51 médszerek (3DPE)
+ koagulicid és flokkuldcid Prométerek/Spacerek
v AOP's Aramlés gyorsitok,
Nanorészecskék hasznalata Aramlis s

v médositott membr, fejlesztése | Turbulencia névelgk/
¥ bemeriild membran reaktorok Aramla’s terelé
egységek

516

A

Kapesolods projekt: OTKA_FK_142414

Aramidstanl viszonvok optimalzdldsa szennyviz membrdnszi6 modulba infecrdt 3D
vomiatolt elemekkel

[/ Labsscale Device, Dead-End Filtration

I

A

Tervezés és 3D nyomtatdsok:

20 KDa PES UF:
3 bar; 400 rpm

Eredmények:
- Fluxus (3) ndvekedés:
45-60% kal
- KOl visszatartas (R%) nem vltozik
Teljes (R ellensllds csokkenés:
61-75%-kal (killngsen a rev.)
- Fajlagos Energia Fogyasztds
csBkkenés: ~ 60%kal

o

Ukimater cura (500,
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Akutatasokat a Nemzeti Kutatési, Fejlesztési és Innovécits
Hivatal, NKFI-FK-142414 és 2022-1.2.6 TET-IPARI-TR~

FROJEKT 2022-00011 azonositt szémi projektje finanszirozza
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Next Step ey o szeaeo
bty oy
deferent 3D printed spacers will be integrated into the

ystem to check their influence in enhancing the filtration
process and antifouling

MATERIAL SELECTION

Kevin Téth
BSc student
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Szakito, nyilds s
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Kapesolédd projekt: 2022-1.2.6-TET-IPARI-TR -

- 221124 2 ’ s Scskd vy Y e : j alapd itol
PET filament el§allité prototipussal sajat ileesdése laciony nyomdsd membrén sieperacié é negyyeméss
filament gyartdsa és prométer nyomtatisa

Alacsony nyomfis

kaszkad
rendszer kidolgozasa:

¥ Tiszitd MF (1,2 ym)

v Tejzsir szeparalé MF (0.1/0.2/0.5 um)
v Fehérje szeparalé UF (100-150 kDa)
¥ Fehérje koncentralo UF (10 kDa)

v +HHP

Kapesolods kutatisi ferdlet: |
i inteerilhato. PET palackok
dirahasznositisabol elolitott, 3D nyomfatott turbulencia
'('3‘;;:; g“;“':z"m' hatéhonssdginak vizsgdlata = Tejipari melléktermékekbdl funkcionalis, savé és ir6 alapt, kevert ital el
(UNKP, 2024.02.01.-t51)|

élelmiszer- a
(MF, UF, DF, HHP)

Cél, bizonyos dsszetevdk szelekiiv disitdsa kiméletes technalégidk haszndlatéval,

Tovébba membrantisztito folyadék kifejlesztése.

e —— wy ottt Amaheon i i U [—— wycredem Amstcn i< i NVERSIS SCIOTAR L SISO RIS 12716

T e— U] 20081105
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Elnék: Simonné Sarkadi Livia

9:00-9:10 PL9. CHEMISTRY EUROPE KIADOI SZERVEZET BEMUTATASA
INTRODUCTION OF THE CHEMISTRY EUROPE PUBLISHING
ACTIVITY
Simonné Sarkadi Livia

9:10-9:40 PL10. ELELMISZERIPARI MELLEKTERMEKEK TOBBCELU TOVABB-
HASZNOSITASI LEHETOSEGEI — STRATEGIAI MEGKOZELITES ES
GYAKORLATI PELDAK
Benes Eszter, Fabian Gabor, Lehota Vilmos, Maté Mdnika, Belak
Agnes, Jakab Ivett, Tormasi Judit, Kasza Sandor, Juhos Katalin,
Abranko LaszIé
(Chemistry Europe Lecture)
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TULAJDONSAGAINAK JELLEMZESE ES KORNYEZETI JELENTOSEGE
Jakab Ivett, Mardani Mohsen, Tormasi Judit, Abranké Laszlé, Badak-

Kerti Katalin
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Braun Mihaly
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XVI. KAT és 64. MSV konferencia
Elnék: Abrankd Ldszlo

11:20-11:50 PL12. A KIROPTIKAI SPEKTROSZKOPIA ALKALMAZASI LEHETOSEGEI
Horvath Péter

XVI. KAT Elelmiszermingség, élelmiszerbiztonsag és a kdrnyezeti paraméterek
Elnék: Abrankd Ldszlo

11:50-12:10 029. TEJSAVO ULTRA- ES DIASZURESENEK HATEKONYSAG-VIZSGALATA
KULONBOZO VAGASI ERTEK( MEMBRANOK ES DIELEKTROMOS

PARAMETEREK VIZSGALATAVAL
Dobozi Réka, Jakoi Zoltan Péter, Szabo P. Balazs, Kertész Szabolcs

12

029

TEJSAVO ULTRA- ES DIASZURESENEK HATEKONYSAG-VIZSGALATA KULONBOZ6 VAGASI
ERTEKU MEMBRANOK ES DIELEKTROMOS PARAMETEREK VIZSGALATAVAL

Dobozi Réka®, Jakoi Zoltan Péter®, Szabé P. Balazs®, Kertész Szabolcs”

Szegedi Tudomdnyegyetem, Mérniki Kar, Elelmiszermérnéki Intézet, Moszkvai krt. 5-7.,
6725 Szeged, Magyarorszdg
bszegedi Tudomdnyegyetem, Mérniski Kar, Bioldgiai Rendszerek Miiszaki Intézete, Moszkvai
krt. 9., 6725 Szeged, Magyarorszdg
E-mail: dobozireka@mk.u-szeged.hu

A tejsavo membrantechnoldgiaval torténé frakcionaldsa hatékony megoldast kindl a tejipari
melléktermékek értéknovelt hasznositasara, kilonésen a funkciondlis fehérjefrakciok
koncentraldasa és az alacsony molekulatomegli komponensek, elsGsorban a laktéz és az
dsvanyi anyagok eltdvolitdsa révén. Az ultrasziirés (UF) és a diaszlirés (DF) kombindlt
alkalmazasa lehet6vé teszi a makromolekuldk (savofehérjék) szelektiv visszatartdsat,
mikdzben elGsegiti a kisebb méretii oldott anyagok hatékony eltavolitdsat. Kutatdsunk célja
az volt, hogy harom kiilonb6z6 vagasi értéki poliéterszulfon (PES) membréan (10, 30 és 50
kDa) alkalmazdasdval 6sszehasonlitsuk az UF/DF eljaras szeparacids hatékonysagat a fehérje-
retencié és a laktozeltavolitds szempontjabdl, tovabba, hogy értékeljiik a dielektromos
mérési mddszer potencialis alkalmazhatdsagat a szlirési folyamat nyomon kévetésében.

A sziirési kisérleteket laboratériumi koriilmények kozott, szakaszos Uzemben végeztik,
allandé sebességli keverés (500 rpm) és 2,5 bar transzmembrannyomas (TMP) alkalmazésa
mellett. A savd ultraszlirését kovet6en a diasziirést négy ciklusban végeztiik, azonos
térfogatcsokkentési arany (VRR = 3) fenntartasdval. A nyers savo és az egyes sz(irési frakcidk
(retentatumok és permedtumok) Osszetételét kozeli infravorés (NIR) spektroszkdpiaval
elemeztiik, mig a fehérjetartalom kvantitativ meghatarozasat Kjeldahl-modszerrel végeztik.
A mintdk dielektromos jellemzgit egy nyilt végl dielektromos szenzorral ellatott
mérérendszer segitségével rogzitettilk, amely lehetGséget biztositott a szirési ciklusok sordan
bekovetkez fizikai-kémiai véltozasok nyomon kovetésére.

A kisérleti eredményeink alapjan megallapithato, hogy a tobblépcsds diaszlirés alkalmazésa
elGsegitette a visszatartott fehérjefrakciok tisztitasat, melyet szignifikdnsan befolyasolt a
kutatasba bevont membranok vagasi értéke a kis molekulatomegl szénhidratfrakciok
eltavolitasi hatékonysaga révén. A szlrési frakciok dielektromos viselkedése — a
dielektromos alland6 és veszteségi tényez6 mérésén keresztiil — szoros Osszefliggést
hogy a dielektromos mérési modszer potencidlisan alkalmas a membrdansziirési folyamat
szepardcids hatékonysaganak valds ideji, nem destruktiv monitorozasara. A kisérleti
eredmények alapjan atfogd képet kaptunk az UF és DF soran bekdvetkezd
komponenseloszlasi mintazatokrdl, kilonos tekintettel a fehérjék szelektiv dusitasanak
lehetGségeire, valamint a dielektromos tulajdonsdgok és a tisztitasi hatékonysag kozotti
osszefliggésekre. @
Kd6szénetnyilvanitds: A Kulturélis és Innovacios Minisztérium Egyetemi gkép
Kutatéi Osztdndij Programjanak a Nemzeti Kutatdsi, Fejlesztési és
Innovaciés alapbdl finanszirozott szakmai tamogatasaval késziilt (EKOP-255-SZTE). Tovabba a
kutatas a Nemzeti Kutatasi, Fejlesztési és Innovacids Hivatal 2022-1.2.6-TET-IPARI-TR-2022-
00011 azonositd szamu projektjének finanszirozasabol valdsul meg.

KULTURALLS
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TISZTITOSZEREK HATEKONYSAGANAK VIZSGALATA SAVOVAL
ELTOMODOTT MIKROSZURO MEMBRAN REGENERALASARA
Miklds Timea, Ece Degirmenci, Hadid Sukmana, Tanacs Daniel,
Garabné Abraham Noéra, Siiveges-Gruber Andrea, Veréb Gabor,
Laszlé Zsuzsanna, Kertész Szabolcs

ADJUVANSOK HASZNALATA A NOVENYVEDELEMBEN A
HATEKONYSAG, AZ ELELMISZERBIZTONSAG ES A
KORNYEZETVEDELEM TUKREBEN

S6r6s Csilla, Toth Petra Panna, Bohus Péter, Szabé Adam, Szabo
Arpad

"SZERMARADEK-MENTES" VEDJEGY KIDOLGOZASA
MAGYARORSZAGON

T6th Petra Panna, Gutermuth Adédm, Bohus Péter, S6rés Csilla, Szabd
Arpad

Zarszo

13:20-14:20

Ebéd

13

030

TISZTITOSZEREK HATEKONYSAGANAK VIZSGALATA SAVOVAL ELTOMODOTT MIKROSZURO
MEMBRAN REGENERALASARA

Miklés Timea®, Ece Degirmenci®, Hadid Sukmana®, Tanacs Déniel’, Garabné Abraham
Néra®, Siiveges-Gruber Andrea®, Veréb Gabor®, Laszlé Zsuzsanna®, Kertész Szabolcs®

“Szegedi Tudomdnyegyetem, Mérnéki kar, BiolGgiai Rendszerek Miiszaki Intézete,
6725 Szeged, Moszkvai krt. 9, Szeged, Hungary
YUNICHEM” Vegyipari, Kereskedelmi, Szolgdltatd Kft.,
6760 Kistelek, Kéiskola ut 3.
E-mail: timi.m0124@gmail.com

A kutatémunka egy ipari projekthez kapcsoléddan készilt el, mely egyik célja a
tejipari folyamatok soran keletkezett savo-tartalmu vizek membransziirése a fehérjék
feldusitasa érdekében. Azonban kéztudott, hogy a membranok a kivalo szelektiv szeparacids
tulajdonsaguk ellenére jelentés mértékben eltdmdédnek, igy a technoldgia fenntarthatd
alkalmazasa okdan sziikség van a regeneralasra. Ebbdl kifolydlag a jelen kutatds egyik fontos
célja volt a savoval eltomédott polimer membran tisztithatdsaganak vizsgdlata az
élettartamanak novelése érdekében, ami a technoldgia kornyezeti és gazdasagi elényei okan
is fontos.

A savoval eltémdédott membranok tisztitasara killonb6z6 vegyszerek hatékonysaga
meg lett vizsgalva, melyek szintén a projekthez kapcsolédéan keriilnek kifejlesztésre a
"UNICHEM" Vegyipari, Kereskedelmi, Szolgaltatd Kft. altal. A vegyszerek sajatossagai, hogy
specidlisak, feladatra szabott tisztitdszerek, tovabba a z6ld-kémiai, azaz a kérnyezetvédelmi
elGirasoknak is messzemenden megfelelnek.

A kisérleteket optimalizalt koriilmények kozott (500 rpm, 1 bar, 25°C) végeztiik
poliéterszulfon (PES) mikrosz{ir6 membrannal (0,22 um pérusméret), melyekkel modell- és
valés tejipari vizek szétvdlasztasat is elvégeztik, majd ezt kovetden az eltomdEdott
membranok vegyszeres mosason estek at. A membranszeparacié soran jellemeztik a
kezdeti-, eltomddott- és vegyszerkezelés utdni fluxus-értékeket, a tisztitdszerek
hatékonysdgdt/fluxus-nével6 hatdsat, valamint a tiszta és eltomddott membranok
kontaktszog-értékeit is. A vegyszereknek megmértiik az elektromos vezetGképességét,
sétartalmat, oldott anyag tartalmat és pH-értékét. A membrantisztitast elvégeztiik extrém
savas és lugos detergensekkel is a mddszer korlatjainak feltarasa érdekében.

A tovdbbiakban a savo dusitasat PES ultraszir6 membrannal is elvégezzik, majd
vizsgdljuk ennek a membrannak is a tisztithatdésdgdt, valamint egyéb tejipari
melléktermékkel, az iréval folytatjuk a kisérleteket, annak kideritése érdekében, hogy az
iréval eltomott membranok tisztitasahoz milyen jellegii tisztitdszerek lesznek alkalmasak.

Koszénetnyilvanitds:

A kutatas a Nemzeti Kutatasi, Fejlesztési és Innovaciés Hivatal 2022-1.2.6-TET-IPARI-TR-2022-
00011 azonositd szamu projektje finanszirozasabdl valosult meg.
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« Készonsm Dr. Kertész Szabolcsnok a részvétel lehetéséget és o munkam szakmai témogatasét;

KOSZONETNYILVANITAS:

* Készonjik a "UNICHEM" Vegyipari, i, Szolgaltaté Kft.nek a

* AKUTATAS A NEMZET| KUTATASI, FEJLESZTES] ES INNOVACIOS HIVATAL 2022-1.2.6-TET-IPARI-TR-
2022-00011 AZONOSITO SZAMU PROJEKTJE FINANSZIROZASABOL VALOSULT MEG.
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Tudomanyos, szakmai konferencia részvételek

Projektiink masodik éve alatt a projekthez szorosan kétédéen 7 db
tudomanyos konferencia részvétel tortént, melyeken 12 db kiilonb6z6
anyaggal vettiink részt:

1. 2025.04.27-30. Portéban ,,Desalination for the Environment: Clean Water and Energy” nemzetkozi
konferencian két szébeli el6adas (,Synergistic effects of 3D-printed spacers and modular vibration
towards membrane fouling mitigation” cimmel: [MTMT kozlemény azonosité: 36241707];
,Optimization of membrane filtration processes using the design of experiments in different whey
solutions” cimmel: [MTMT kozlemény azonositd: 36241709];) és egy poszter bemutatdsa
(,Improvement of ultrafiltration by module integrated 3D printed turbulence promoters” cimmel:
[MTMT: 36241712])

1. 2025.05.15. Hédmez6vasarhelyen a ,22nd WELLMANN INTERNATIONAL SCIENTIFIC CONFERENCE”
nemzetkozi konferencidn egy darab poszter bemutatdsa (,Investigating the efficiency of whey
diafiltration with various analytical methods” cimmel: [MTMT: 36216253])

IIl. 2025.05.30. Szegeden a ,Mf(szaki, Technolédgiai és Gazdasdgi Kihivdsok a XXI. szdzadban”
konferencidan egy darab szdbeli el6adds (,A tejsavd diaszliréssel segitett ultraszlirésének
hatékonysagvizsgdlata kilonb6z6 analitikai eljdrasokkal” [MTMT: 36197987])

IV. 2025.10.13-14. Szegeden az ,31st International Symposium on Analytical and Environmental
Problems (ISAEP 2025)" nemzetkdzi konferencian egy szdbeli el6adas tartédsa (,,Computational fluid
dynamics simulation of membrane fouling mitigation using 3D printed turbulence promoters” cimmel:
[MTMT: 36431070]) és egy darab poszter bemutatdsa (,Resistance structure and solute removal
pathways in UF-DF of sweet whey” [MTMT: 36447286])

V. 2025.10.23-25. Nagyszeben-ben a ,XXXI. Nemzetkodzi Vegyészkonferencia: 31th International
Conference on Chemistry” nemzetkdzi konferencian egy darab poszter bemutatasa (, Tisztitoszerek
hatékonysdganak vizsgdlata savéval eltomddott mikroszliré membran regenerdlasara: Testing the
effectiveness of detergents for regenerating a microfilter membrane clogged with whey” [MTMT:
368727271)

VI. 2025.11.05-07. Balatonszarszén a ,XVI. Koérnyezetvédelmi Analitikai és Technoldgiai Konferencia
(XVI. KAT) és 64. Magyar Spektrokémiai Vandorgy(lés (64. MSV)” konferencian harom darab szébeli
el6adéds tartdsa (,3D nyomtatott aramlds terel6 egységek haszndlatdnak hatdsai a szlirési
hatékonysagra” [MTMT: 36899595]; ,A tejsavé ultra- és diasz(irésének hatékonysdg-vizsgalata
klonb6z6 vagasi értékd membranok és dielektromos paraméterek vizsgélatdval” [MTMT: 36857400];
JTisztitészerek hatékonysaganak vizsgdlata savéval eltomott mikroszlir6 membran regenerélasara”
[MTMT: 36872796])

VIl. 2025.11.12. Mosonmagyarévaron a ,40th Ovar Scientific Day International Conference”
nemzetkozi konferencian egy szdbeli el6adds tartdasa (,A tejsavd ultra- és diaszlirésének
hatékonysagvizsgdlata dielektromos mérésekkel” [MTMT: 36857405])
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40™ Ovar Scientific Day International Conference
November 12, 2025
»Green Deal and agriculture: sustainability or competitive advantage?”

CONFERENCE PROGRAMME

9:00-10:00  Registration and poster mounting

10:00-10:10 Welcome and opening of the scientific conference

Prof. Dr. FERENC FRIEDLER, Full Professor

Rector of Széchenyi Istvan University

Prof. Dr. LASZLO VARGA, Head of Doctoral School

Wittmann Antal Multidisciplinary Doctoral School of Plant, Animal and Food Sciences

Plenary lectures .
Chair: Prof. Dr. LASZLO VARGA, Full Professor

10:10-10:35 Dr. ANDREA ROSATI, Secretary General, Furopean Federation of Animal
Science, EAAP: Guiding principles of Al: Application in animal husbandry

10:35-11:00 Prof. Dr. JOZSEF POPP, Academician, Neumann Jdnos University,
Kecskemét, Hungary: How can the CAP achieve the European Green Deals' objectives?

11:00-11:25 Prof. Dr. PETER SOTONYI, Full Professor. Rector of the University of
Veterinary Medicine, Budapest, Hungary: The life of Istvan Fekete, the famous Hungarian

writer

11:25-11:50  Prof. Dr. KATALIN KOVACSNE GAAL, Professor Emerita, Széchenyi Istvdn
University: Anniversary presentation of the Ovar Scientific Days Conferences.

12:00-13:00 Lunch

13:00-14:45 Session presentations

14:45-15:10 Coffee break — Poster presentations

15:10-17:10  Session presentations

17:10 Closing of the 40™ Ovar Scientific Day International Conference

17:30 Networking Dinner

o
S Co-funded by i -6- Project: 101083676 — AEDIH — DIGITAL-2021-EDIH-01
LSPLEN the European Union

15:40 Method for evaluating energy efficiency of mixed-flow grain dryers
Ferenc Péter Speiser

15:55 A kenyérfogyasztas ¢élelmiszerbiztonsagi kockazatainak csokkentése innovativ
malomipari miiveletekkel
Antal Véha, Balazs P. Szabo

16:10 Comminution in the confectionery industry: principles, solutions, and results
Erné Gyimes

16:25 Recycling waste as adsorbent
Cecilia Hodur, Bellahsen Naoufal, Sukmana Hadid

16:40 A tejsavo ultra- és diasziirésének hatékonysagvizsgalata dielektromos mérésekkel
Réka Dobozi, Zoltan Péter Jakoi, Sandor Beszédes, Balazs P. Szabo,
Szabolcs Kertész

16:55 Innovative photocatalytic membrane surfaces in the future of wastewater treatment
Zsuzsanna Laszld, Gabor Veréb

AGRICULTURAL AND BIOENGINEERING SESSION
With the support of HAS Agricultural and Bioengineering Scientific Committee
Poster Presentations, 14:45-15:10; Building “V”, Second floor

AMI1 Development and validation of a drone-based precision spot spraying system
for crop protection
Koppany Horvath, Gyula Pinke, Balint Ambrus

AM?2 Gabonak nyomonkovetésének gyakorlati alkalmazasa és hasznositasa post-
harvest miiveletek soran
Lasz16 Nyari, Attila Kovacs, Gergely Teschner

AM3  Improving biogas yield from meat processing wastewater via magnetite
nanoparticles and microwave treatment
Balazs Lemmer, Zsofia Gréta Santa, Zoltan Péter Jakoi, Sandor Beszédes

AM4  Autonomous machinery in forestry work
Tamés Major, Béla Horvath

Co-funded by . _8- Project: 101083676 — AEDIH — DIGITAL-2021-EDIH-01
the European Union

61



A TEJSAVO ULTRA- ES DIASZURESENEK HATEKONYSAGVIZSGALATA
DIELEKTROMOS MERESEKKEL

IDOBOZI REKA - 2JAKOI PETER ZOLTAN - 2BESZEDES SANDOR
1ISZABO P. BALAZS - 2)KERTESZ SZABOLCS

'Szegedi Tudomanyegyetem, Méréki Kar, Elelmiszermémoki Intézet
6725 Szeged, Moszkvai krt. 5-7.
2Szegedi Tudomanyegyetem, Mérnoki Kar, Biologiai Rendszerek Miiszaki Intézete

6725 Szeged, Moszkvai krt. 9. 40, Gvari Tudomanyos Nap
fonniantosk vagy versenyolony” Membranszeparacio
e o EEm, ==,

(")sszefoglal:is A TEJSAVO ULTRA- ES DIASZURESENEK —— " ——

. . e . . . v .. . , L, . HATEKONYSAGVIZSGALATA DIELEKTROMOS +
A tejsavo ultrasziirésének és diasziirésének (UF/DF) hatékonysaga nagymértékben fiigg a MERESEKKEL »
membran szelektivitasa, a hidrodinamikai viszonyok és az oldott anyagok membranfeliileti DobozI Reka', Jakol Zoltan Peter, Beszédes Sandor, g

. . , . , Vi , , . . s . " . -, Szabo P. Balazs? , Kertész Szabolcs® '
kolcsonhatéasainak egyensilyatol. Jelen kutatasban édes savo frakcionalasat végeztiik 10, 30 és o SOBRSY — saverensiik—0°8 %
[e¥e'g %) o Yol

50 kDa vagasi értékii poliéterszulfon membranokkal, azonos transzmembran nyomas mellett
(TMP = 2,5 bar), majd ezt kovetden négy 1épcsés, allando térfogath diasziirést végeztiink. A
keletkezd permeatum- és retentatum-frakciok osszetételét ¢és dielektromos tulajdonsagait
elemeztiik a szétvalasztasi feltételek optimalizalasa, valamint a dielektromos mérések gyors,
roncsolasmentes folyamatkovetésre vald alkalmazhatosaganak értékelése céljabol. Az
eredmények alapjan megallapitottuk, hogy harom DF-ciklus utan a retentatumokbdl teljes
mértékben eltavolithato a laktéz, mig a dielektromos jellemzdk és az osszetételi paraméterek
kozott szoros linearis dsszefiiggés mutatkozott (R>0,98).

A Laktéz, asvanyi
e} anyagok

R ESEET

DL i5i 40.Ovan Tudomanyos ap, 2025, november 12.

([ Membransziirés hatékonysagvizsgalata |

Koszonetnyilvanitds: A kutatdst az NKFI alap EKOP-255-SZTE, valamint az NKFIH 2022-
1.2.6-TET-IPARI-TR-2022-00011 azonosité szdamui projektje finanszirozta.
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2% Laktéz, asvanyi p
o / anyagok \

Végtermék minGség
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Co-funded by

. _47 - Project: 101083676 — AEDIH — DIGITAL-2021-EDIH-01
the European Union
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( Membransziirés hatékonysagvizsgalata |

Anyag és modszer

Anyag és moédszer

Anyag és moédszer

A retentatumok beltartalmi paramétereinek valtozasa
a sziirési folyamat elérehaladtaval

Per i
és komplex dielektromos valasza
(f=800 MHz) kéz6tti kapcsolat
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@ Retentatum frakciok KOI értéke és @
komplex dielektromos valasza
(f=800 MHz) k6z6tti kapcsolat
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Szoros Korrelacié a KOI értékek és a dielektromos paraméterek
ltozasa kozott -» szerves anyag tartalom nyomon kévetése

K6sz6nom szépen a figyelmet!
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Tovabbi kutatasi célok:

arési
alkalmazhatésaganak - Gélrétegképzodés elemzése

Az ultrasziirés és a

koncentraldséban és vizsgilata
tisztitasaban - Miveleti paraméterek
optimalizélésa

Adielektromos mérési
\Gdszer Dielektromos méréseken alapuld

folyamat nyomon elemzése
Homérsékletfiiggés vizsgalata

Folyamatos tizemi tesztelés
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