Tudomanyos, szakmai konferencia
részvételek

Projektiink elsé éve alatt a projekthez szorosan kétédéen 6 db tudomanyos
konferencia részvétel tértént, melyeken 10 db kiilonb6z6 anyaggal vettiink
részt:

. 2024.03.06-08. Balatonszarszdn a XV. Kornyezetvédelmi Analitikai és Technoldgiai
konferencian egy szdébeli el6adds tartasa (,Innovativ moddszerek alkalmazdsa a
szennyviztisztitasban és tejipari szennyviztisztitdsban” cimmel: [MTMT kozlemény azonosito:
35069466]) és egy poszter bemutatasa (,Ultrasziirések intenzifikaldsa az aramlasi viszonyok
megvaltoztatasdval” cimmel: [MTMT: 35069477])

Il. 2024.04.18. HédmezGvasarhelyen a ,21st WELLMANN INTERNATIONAL SCIENTIFIC
CONFERENCE” nemzetkozi konferencian egy darab poszter bemutatdsa (,Application
possibilities of low-pressure membrane separation processes in the dairy industry” cimmel:
[MTMT: 35069492])

11l. 2024.05.31. Szegeden az ,International Conference on Science, Technology, Engineering
and Economy (ICOSTEE 2024)” nemzetk6zi konferencian két darab poszter bemutatdsa
(,,CASCADE MEMBRANE SYSTEM FOR SELECTIVE SEPARATION OF FUNCTIONAL COMPOUNDS
FROM DAIRY BY-PRODUCTS” [MTMT: 35068257] és ,ENHANCING MEMBRANE SEPARATION
EFFICIENCY THROUGH THE UTILIZATION OF 3D-PRINTED TURBULENCE PROMOTERS DERIVED
FROM RECYCLED PET BOTTLES, WITH INTEGRATION INTO FILTRATION MODULE” cimekkel:
[MTMT: 35069368])

IV. 2024.10.7-8. Szegeden az ,,30th International Symposium on Analytical and Environmental
Problems (ISAEP 2024)” nemzetkozi konferencian egy szobeli el6adas tartasa (,ANALYZING
FLOW DYNAMICS WITH 3D PRINTED TURBULENCE PROMOTERS IN ULTRAFILTRATION UNITTO
MITIGATE MEMBRANE FOULING” cimmel: [MTMT: 35465796]) és két darab poszter
bemutatasa (,CASCADE MEMBRANE SYSTEM FOR EFFECTIVE COD REMOVAL FROM DAIRY BY-
PRODUCT” [MTMT: 35465839] és ,IMPACT OF SPACER GEOMETRY ON ULTRAFILTRATION
PERFORMANCE IN A FILTER MODULE” cimekkel: [MTMT: 35466592])

V. 2024.11.7-9. Debrecenben a ,10th International Scientific Conference on Advances in
Mechanical Engineering (ISCAME 2024)” nemzetkozi konferencidn két darab poszter
bemutatasa (,,Investigation of the Ultrafiltration Performance of Different Whey Solutions in
a Dead-End Membrane Separation System” [MTMT: 35639572] és ,Optimization of
Ultrafiltration Parameters in a Laboratory-Scale Unit Using Dairy Model for Membrane Fouling
Mitigation” cimekkel: [MTMT: 35639548])

VI. 2024.12.03-04. ONLINE mddon elGadas tartasa a briisszeli ,IDF Circularity in the Dairy
Chain Symposium 2024” nemzetkozi konferencidan meghivott eléaddként (,,Dairy wastewater
treatment by advanced membrane separation techniques” cimmel)
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Bekoszonto

Tisztelt Kollégak!

Szerencsére tul vagyunk a virtualis térbe vald kényszerités iddszakan és Gjra személyes részvétellel
rendezhetjilk meg hagyomanyos konferencidinkat.

Két nagy multra visszatekintd konferencia sorozatunk idei rendezvényét, a korabbi idoszak pozitiv
tapasztalata alapjan, ismét egyidoben egy jol bevalt helyszinen, csaladias kornyezetben tartjuk. Ez az
egyuttmiikodés jo mintaul szolgalhat a tobbi MKE szakosztaly szdmara is a kapcsolatok kiszélesitése,
egymas eredményeinek megismerésére és a kozvetlen eszmecsere eldnyeinek hasznositasara.

A két konferencia a XV. Kornyezetvédelmi Analitikai és Technolégiai Konferencia (KAT2024) és
a 63. Magyar Spektrokémiai Vindorgyiilés, melycket 2024. marcius 6 — 8. kozott
Balatonszirszon az SDG Csaladi Hotel és Konferenciakdzpontban tartunk parhuzamos
rendezvénykeént, lehetdvé téve a résztvevok szamara az eldadasok athallgatasi lehet6ségét.

A konferencia szervezésben egyiittmitkodé felek az MKE Kornyezet-analitikai és Technologiai
Tarsasaga (MKE KATT), az MKE Elelmiszertudomanyi Szakosztalya, az MKE Analitikai
Szakosztalya, valamint MKE Spektrokémiai Tarsasaga (SKT) és az MTA Spektrokémiai
Munkabizottsaga.

Mindkét konferencia meghirdetett témakorei lehetdséget biztositanak a tudomanyteriiletek legujabb
tudomanyos ¢s gyakorlati eredményeinek megismerésére. Az egyetemi €s kutatointézeti résztvevok
mellett szamos ipari szakember jelenlétében a kornyezetvédelmet érintd forrd témak is teritékre
keriilnek.

Koszonjik dr. Raisz Aniko allamtitkar asszonynak, hogy elvallalta a konferencia f6 védnokségét.

Minden résztvevoé szamdra kivanunk eredményes konferenciat, gyiimolcsozd szakmai kapcsolatok
kiépitését és nem utolsd sorban kellemes egyiitt toltott id6t ebben a szép és kellemes kornyezetben.

Udvozlettel,

Simonné Sarkadi Livia
MKE Tiszteletbeli Orokos Elnoke

Zaray Gyula
SKT Tiszteletbeli Elnoke

A XV. KATT és 63. MSV Konferencia Programja

2024. 03. 06. szerda

9:00-

Regisztrdcio

XV. KATT és 63. MSV konferencia megnyitdja
Elndk: Simonné Sarkadi Livia, Zdaray Gyula

11:00 - 11:20 Megnyit6
11:20-11:50  PL1  Agoston Csaba:
A levegoterheltség lokalis jellegének vizsgalata
11:50 - 12:00 Torok Tibor Emlékérem atadas
12:00 - 12:30 PL2 Kristof Janos:
Réteges szerkezetli anyagok spektroszkdpiai analizise (kalandozasok a
spektrokémia teriiletén)
12:30 - 13:00 PL3 Hermann Zsolt:
Fenntarthatosagi jelentés a gyakorlatban - a CSRD hatésa az adatok
gyljtésére, értelmezésére és publikalasara a MOL Nyrt-nél.
13:00-14.:00 Ebéd

XV. KATT Elelmiszermindség, élelmiszerbiztonsag és a kornyezeti paraméterek
Elnok: Simonné Sarkadi Livia

14:00-14:30 PL4 Banati Diana:
Fenntarthato, alternativ fehérje forrasok iranti igény az
élelmiszerlancban

14:30-14:50 Ol Nagy Laszlo:
Automatizalt médszer fehérjetartalom megbizhato mérésére killonféle
mintakbol kornyezetszennyezo és egészségkarosito vegyszerek
alkalmazasa nélkiil

14:50-15:10 02 Osvath Szabolcs, Homoki Zsolt, Kovendiné Konyi Julia, Szigeti
Agnes, Szarkané Németh Agnes, Glavatszkih Nandor:
Az ERMAH bemutatasa 2.: élelmiszermintak

15:10 - 15:30 03  Kertész Szabolcs, Laszlo Zsuzsanna, Veréb Gabor, Csanadi Jozsef,
Beszédes Sandor, Lendvai Edina, Abraham Imre, Garabné Abraham
Nora, Siiveges-Gruber Andrea, Hodur Cecilia:
Innovativ modszerek alkalmazasa a szennyviztisztitasban és tejipari
melléktermékek hasznositasaban

15:30 - 16:00 PL5 Simonné Sarkadi Livia:
Chemistry Europe kiadéi szervezet bemutatasa — Uj lehet6ségek
publikacios tevékenységre / Introduction of the chemistry europe
publishing organization — New opportunities for publication

16:00 - 16:20 Kavésziinet / poszter

XV. KATT Analitikai modszerek a szennyezettség, illetve az tsszetétel meghatarozasiara
Elnék: Madsz Gabor
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INNOVAT’iV’M(’)DSZ'EREK ALKALMAZéSA A
SZENNYVIZTISZTITASBAN ES TEJIPARI MELLEKTERMEKEK
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Kertész Szaboles®”, Laszlé Zsuzs,anna”, Veréb Gabor?, Csal}édi Jozsef’, Beszédes Sandor,
Lendvai Edina“, Abraham Imre’, Garabné Abrahim Nora’,
Siiveges-Gruber Andrea’, Hodtr Cecilia®

“Szegedi Tudomdnyegyetem Mérnioki Kar
6725 Szeged Moszkvai krt. 9.
bUnichem Vegyipari, Kereskedelmi, Szolgdltaté Kft.
6760 Kistelek Kdiskola iit 3.
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A kornyezettel kapcsolatos problémak megoldasa, példaul az egyre hatékonyabb szennyviztisztitas
nagy hangsulyt kap napjainkban, igy a magas kornyezeti kockazatot jelentd, szerves anyagokkal terhelt
szennyvizek tisztitasa is egyre fontosabba valik. A korszeri tisztitasi technologiak gyakori részét
képzik a membranszeparacios eljarasok, melyek intenzifikalasaval és a hagyomanyos modszerekkel
torténd osszekapcsolasaval a kornyezeti terhelés jelent6s mértékben csokkentheto.

Munkénk soran kutatjuk a membransziiré modulokban kialakuld aramlastani viszonyokat és azok
megvaltoztatasanak lehet6ségeit, hatasait az eljarasok paramétereire vonatkozdéan. Elsddleges célunk
a membran felileti nyiréer6k nagysaganak novelésével, a talan legnagyobb hatranyt jelent
membranok eltomoddésének jelentds csokkentése. Ezt innovativ médon a membran modul mechanikai
meg. Masodlagos célunk igy, a sajat tervezésii turbulencia novel6k gyartasara alkalmas, 3D
nyomtathat6 alapanyagok és kialakitasok kivalasztasa, ezek mechanikai stabilitasanak tesztelése. Ezek
szlirdmodulokba illesztésével az aramlasi viszonyok megvaltoztathatok, igy a membranszeparacios
hatékonysag javithatd. Ez gyorsabb miiveletet, azaz magasabb fluxusokat, és alacsonyabb membran
eltomodéseket, azaz kissebb ellenallasi értékek kialakulasat jelenti. Raadasul az eltomddési
mechanizmusok modellezésének segitségével, a létrejovo feliileti és nedvesedési tulajdonsagok, anyag
kolcsonhatasok meghatarozasaval a gyakorlat szdmara is hasznos alkalmazasi informaciokat
nyerhetiink.

Intézetiink a szennyviztisztitas mellett melléktermékek hasznositasaval is foglalkozik. A tejipari
gyartasi folyamatok sordn nagy mennyiségben keletkezd ird és tejsavd régdta ismert magas
tapértékikrél és az immunrendszert segitd komponenseir6l. Mivel azonban az immunstimulalo
vegyiiletek tobbsége érzékeny a hokezelésre, célunk ennek helyettesitése, un. nem-termikus
¢lelmiszer-feldolgozasi technologidk kombinacidjaval. Ezek a technologiak a kovetkezok lehetnek:
Mikrosziirés (MF), az ir6 és a tejsavo kezdeti mikrobialis terhelésének csokkentésére és a funkcionalis
tejvegytiletek eldzetes koncentrdlasara; Ultraszlirés (UF), a funkciondlis vegyiiletek szelektiv
koncentralasdhoz; ¢s MF/UF kombinaciojaval megvalositott diasziirés. Ipari partnerrel
egyuttmiikodve a kulonbozé modon eltomddott membranok tisztitdsara tobbféle osszetétellel
rendelkezd, sajat gyartasu specidlis tisztitdszereket is tesztelilk a membranok minél tobb ciklusban
megvaldsithatd sziiréseinek fenntartdsa érdekében és a zold-kémia elvek szigort szabalyainak
betartasa mellett.

A,kutatés a Nemzeti Kutatasi, Fejlesztési és Innovacios Hivatal, NKFI-FK-142414 ¢s 2022-1.2.6-
TET-IPARI-TR-2022-00011 azonosité szamu projektek finanszirozasabol valosul meg.
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Bekoszonto

Tisztelt Kollégak!

Szerencsére til vagyunk a virtualis térbe valo kényszerités idészakan és ujra személyes részvétellel
rendezhetjilk meg hagyomanyos konferencidinkat.

Két nagy multra visszatekintd konferencia sorozatunk idei rendezvényét, a korabbi iddszak pozitiv
tapasztalata alapjan, ismét egyid6ben egy jol bevalt helyszinen, csaladias kornyezetben tartjuk. Ez az
egyuttmiikodés jo mintdul szolgalhat a tobbi MKE szakosztaly szamara is a kapcsolatok kiszélesitése,
egymas eredményeinek megismerésére és a kozvetlen eszmecsere eldnyeinek hasznositasara.

A két konferencia a XV. Kornyezetvédelmi Analitikai és Technologiai Konferencia (KAT2024) és
a 63. Magyar Spektrokémiai Vandorgyiilés, melyeket 2024. mércius 6 — 8. kozott
Balatonszirszon az SDG Csaladi Hotel és Konferenciakozpontban tartunk parhuzamos
rendezvényként, lehetové téve a résztvevok szamara az eldadasok athallgatési lehetdségét.

A konferencia szervezésben egyuittmiikod6 felek az MKE Kornyezet-analitikai és Technologiai
Tarsasaga (MKE KATT), az MKE Elelmiszertudomanyi Szakosztalya, az MKE Analitikai
Szakosztalya, valamint MKE Spektrokémiai Tarsasaga (SKT) és az MTA Spektrokémiai
Munkabizottsaga.

Mindkét konferencia meghirdetett témakorei lehetéséget biztositanak a tudomanyteriiletek legujabb
tudomanyos ¢s gyakorlati eredményeinek megismerésére. Az egyetemi ¢s kutatointézeti résztvevok
mellett szamos ipari szakember jelenlétében a kornyezetvédelmet érintd forrd témak is teritékre
keriilnek.

Koszonjik dr. Raisz Aniko allamtitkar asszonynak, hogy elvallalta a konferencia fo védnokségét.

Minden résztvevé szamara kivanunk eredményes konferenciat, gyiimolcsozd szakmai kapcsolatok
kiépitését és nem utolsé sorban kellemes egyiitt toltott id6t ebben a szép és kellemes kornyezetben.

Udvozlettel,

Simonné Sarkadi Livia Zaray Gyula
MKE Tiszteletbeli Orokos Elnoke SKT Tiszteletbeli Elnoke
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P3
ULTRASZURESEK INTENZ[FIKALASA AZ ARAMLASI VISZONYOK
MEGVALTOZTATASAVAL

Kertész Szaboles*, Hodur Cecilia, Csanadi Jozsef, Veréb Gabor, Szpisjak-Gulyas Nikolett,
Lennert Jozsef Richard, Gergely Gréta, Csott Hajnalka, Laszl6 Zsuzsanna

Szegedi Tudomdnyegyetem Mérnoki Kar
6725 Szeged Moszkvai krt. 9.
*E-mail: kertesz@mk.u-szeged.hu

A XXI. szazadra a gyors populacidnovekedés miatt a kornyezetvédelem tertiletén egyre tobb kihivassal
kell szembenézniink. Jelentds vizhiany, nagymértékii vizszennyezés és a szennyezett vizek megfeleld
kezelése, mara talan a legkomolyabb kornyezetvédelmi problémakka valtak. A kiillonbozo eredetti és
osszetételli szennyviz tipusok tisztitdsara a membranos eljarasokhoz tartozé ultrasziirés kivalo
alternativ megoldast nyujt, mivel napjainkban mar mas eljarasokkal kombinalva az ipari és
szennyviztisztitasi technologiak szamos alkalmazasaban jelentés szerepet kapott.

Munkank soréan tejipari szennyviz szerves anyag terhelésének csokkentési lehetdségét vizsgaltuk
ultrasziird keverdegységben. Els6 korben a miikodtetési paraméterek koziil a keverési sebességet (0-
200-400 rpm értékekkel), nyomast (2-4 bar) ¢s az ultraszlird polimer membranok vagasi értékét (10-
20-50 kDa) teszteltiik. Eredményeink alapjan kivalasztottuk a membransziirési tulajdonsagokra
vonatkozo optimum értékeket (400 rpm, 3 bar, 20 kDa). Ezt kovetéen az ultrasziir6 modulban
kialakulé aramlési viszonyok javitasa érdekében a vizsgalt cellaba illeszthetd, sajat tervezést, 3D
nyomtatott elemeket/turbulencia noveldket teszteltink. Célunk ezen elemek modulba illesztése
melletti ultrasziirési tulajdonsagokra, fluxusra, visszatartdsra és eltomddésre gyakorolt hatdsok
részletes kutatasa. Ezt kovetden a masodik korben alakvizsgalatokat végeztink. A vizsgalt 4
kiillonbozo alak kozil, a legjobb eredményeket ado "PLA kiindulasi’ turbulencia noveldt valasztottuk.
Igy a harmadik koros anyagvizsgalatokat ezen alakra terveztiik, ugy hogy szalhtizasos 3D nyomtatassal
PLA (polylactic acid, politejsav), TPU (thermoplastic polyurethane, termoplasztikus poliuretan),
illetve Fém anyagokbdl, és Gyantas anyagbdl is, kinyomtattuk a vizsgalando turbulencia fokozokat.
Ezek modulba illesztése mellett kapott ultrasziirési eredményeink alapjan a Gyantas anyagu mutatta a
legkiemelkedébb fluxus javulast és membran eltomédés csokkentést.

Tovabba, a szennyvizkezelésen tul, az alacsony nyomasigényili membranszeparacios eljarasok, a
tejipari melléktermékek hasznositasahoz sziikséges szelektiv levalasztasra és/vagy dusitasra is
alkalmasak lehetnek. A tejiparban nagy mennyiségben keletkezo ir6 és tejsavo dsszetevoinek tobbsége
héérzékeny, ezért a nem-termikus élelmiszer-feldolgozasi technologiak koziil a mikrosziirést (0,1; 0,2;
0,45 pm porusméretii polimer membranokkal) és ultrasziirést (10, 100, 150 kDa vagasi értékekkel) is
vizsgaljuk részletesen. Ezekkel célunk a kezdeti mikrobialis terhelés csokkentése, és a funkcionalis
komponensek dusitasa (elsdsorban a laktoglobulin G/membranfehérjék/foszfolipidek/lipid frakciok
savobol és tejzsir-golyocska membran alkotok irobol) eldzetes, majd szelektiv koncentralasa. Ezt
kovetden az eltomodott membranok specialis tisztitoszerekkel végzett tisztitasa, elsdsorban a korkoros
gazdasag elveinek figyelembevétele érdekében.

A,kutatésokat a Nemzeti Kutatasi, Fejlesztési és Innovacios Hivatal, NKFI-FK-142414 és 2022-1.2.6-
TET-IPARI-TR-2022-00011 azonositd szamu projektje finanszirozza.
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ULTRASZURESEK INTENZIFIKALASA AZ
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Kertész Szabolcs*, Hodur Cecilia, Csanadi Jozsef, Veréb Gabor, Szpisjak-Gulyas Nikolett, Lennert Jozsef Richard,
Gergely Gréta, Csott Hajnalka, Laszlé Z
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1. Bevezetés és célkitiizés
a gyors miatt a y egyre tébb kell llyen példaul a jelentés
meértéki teki ésa vizek melyek mara talan a
problémakka valtak. Ehhez hogy a kiil eredetii és y tipusok a
tartozoé kivalé nydjthat, mivel mar mas eljarasokkal kombinalva az ipari és szennyviztisztitasi
szamos kapott. soran célunk volt egy laboratériumi méretii tejipari modell
y és optimalizalni a mikédtetési KN
1 kiilénb6z6 alaka (1 I kisérlelsorozat) és anyagu (1ll. kisérletsorozat), sa]ﬂ tervezésﬂ 3D nyomtatott turbulencla
szirési j ay hatasait.
2. Anyagok és modszerek | | 3. Tejipari szennyviz ultrasziirésének eredményei
v Tejipari modell szennyviz (5 gL' sovany tejporbol (Tutti Kft, L. Az elsé (18 db alapjan
Magyarorszag), és 0,5 gL* 1 ciso, iva a anszirési 6 il
Szeged, Magy ag) 25 °C-os pVi: 1641l eértékeket:
ROT | Zavarossiz | Vezetokepessie| 400 rpm, 3 bar, 20 kDa: N
weny | ovTU) s | [T S Y Y T -
Modell tejipari |5, 1150 089 87 7 [20k0a 8% g
v’ Kevertetheté laboratériumi membransziiré cella (Merck Millipore for ',:
MF and UF, Németorszag); T N
o 1 i Az atlag permeatum fluxusok
el 'J/K értékeinek alakulasa a
¥ \\’4; ./ L Miiveleti paraméterek: paraméterek valtoztatasanak
- | M v keverési sebesség: II I i
= Orpm H
D, L7 HBan ¥
~u N - 200 rpm Membr. Trrev r.u.. =
- o - 400 rpm = ~ ] Az i ertokek alakulasa
. v transzmembran az ultraszirések soran
C\ = nyomas Il. Ezt kévetéen a masodik kérben (10 db kisérlet) alakvizsgalatokat
VO -— - : ::: :::: m::: végeztiink. A vizsgalt 4 killonboz6 alak kéziil, a legjobb eredményeket adé

PLA dulasi’ turbulencia névelét

+ ultrasziiré polimer PES s tipust) valasztottuk:

Kevertetet ultraszfut cella robbastoft 31 modellje

© PLAKilndulési

L membranok vagasi B
{A: Szl zetd cs6, B: Permedtunt Kici € Aisé. értékei: 0 0
éf berendesés af, D Rogeito, fulkitdmas=id E: Ongirit - 10kpa n Az atlag
romités, : Fels berendezes 1, G: Nvomds betdpidtas i, H: Nyomdsess, - 20kDa “ permeatum 5
. ) - 50 kDa s

1 Betoits nyilas kupa, J Bi K: Rogzits anve, L: Tarts rudas ivus chiss

g
: | szerves anyag | <,
M: Vestoglali N Keverdmiignes lart, 0 Keverdmignes b . visszatartasok | 5
Lia] [as] [505] m 461] [45s értékeinek
ia nd tatasa . j: el =4 alakulasa. B
i Cure 5.0.0 prog ity CR-10$ Pro V2 tipusu Ll e

T Lwn]
&2

/3 (Kina), (PLA) alap > . i Korés 10 db ezen
A ne luplaz amid (PA) JF HP ot o S ertik: Exek modulba illesztése mellett kapott ultraszirési
Fusion 5200 tipusu (Gyér, gy: alapjén a Gy: anyagd al

\\H,

L BOOQ |
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(SLA, Photon S 3D
(Kina), Anycubic Eco UV Rpslgn anyagbol), a harmadik termoplasztikus e e
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 V - UF), a tejipari mékek
o 4 asra is A teji nagy isé 6
A iré és tejsavo 6 6il ] e oérze ezért a nem-termikus
¥ ) kéziil a (0,1; 0,2; 0,45
Hm pér polimer és (10, 100, 150
g kDa vagasi érté is Vi alj e célunk a
2 3 ik v kezdeti i iali e ] e és a funkcionalis
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Tudomanyos, szakmai konferencia
részvételek

Projektiink elsé éve alatt a projekthez szorosan kétédéen 6 db tudomanyos
konferencia részvétel tértént, melyeken 10 db kiilonb6z6 anyaggal vettiink
részt:

. 2024.03.06-08. Balatonszarszdn a XV. Kornyezetvédelmi Analitikai és Technoldgiai
konferencian egy szdébeli el6adds tartasa (,Innovativ. mddszerek alkalmazdsa a
szennyviztisztitasban és tejipari szennyviztisztitdsban” cimmel: [MTMT kozlemény azonosito:
35069466]) és egy poszter bemutatasa (,Ultrasziirések intenzifikaldsa az aramlasi viszonyok
megvdltoztatdsaval” cimmel: [MTMT: 35069477])

Il. 2024.04.18. Hédmez6vasarhelyen a ,21st WELLMANN INTERNATIONAL SCIENTIFIC
CONFERENCE” nemzetkozi konferencidan egy darab poszter bemutatdsa (,Application
possibilities of low-pressure membrane separation processes in the dairy industry” cimmel:
[MTMT: 35069492])

11l. 2024.05.31. Szegeden az ,International Conference on Science, Technology, Engineering
and Economy (ICOSTEE 2024)” nemzetk6zi konferencian két darab poszter bemutatdsa
(,,CASCADE MEMBRANE SYSTEM FOR SELECTIVE SEPARATION OF FUNCTIONAL COMPOUNDS
FROM DAIRY BY-PRODUCTS” [MTMT: 35068257] és ,ENHANCING MEMBRANE SEPARATION
EFFICIENCY THROUGH THE UTILIZATION OF 3D-PRINTED TURBULENCE PROMOTERS DERIVED
FROM RECYCLED PET BOTTLES, WITH INTEGRATION INTO FILTRATION MODULE” cimekkel:
[MTMT: 35069368])

IV. 2024.10.7-8. Szegeden az ,,30th International Symposium on Analytical and Environmental
Problems (ISAEP 2024)” nemzetkozi konferencian egy szobeli el6adas tartasa (,ANALYZING
FLOW DYNAMICS WITH 3D PRINTED TURBULENCE PROMOTERS IN ULTRAFILTRATION UNITTO
MITIGATE MEMBRANE FOULING” cimmel: [MTMT: 35465796]) és két darab poszter
bemutatasa (,CASCADE MEMBRANE SYSTEM FOR EFFECTIVE COD REMOVAL FROM DAIRY BY-
PRODUCT” [MTMT: 35465839] és ,IMPACT OF SPACER GEOMETRY ON ULTRAFILTRATION
PERFORMANCE IN A FILTER MODULE” cimekkel: [MTMT: 35466592])

V. 2024.11.7-9. Debrecenben a ,10th International Scientific Conference on Advances in
Mechanical Engineering (ISCAME 2024)” nemzetkozi konferencidn két darab poszter
bemutatasa (,,Investigation of the Ultrafiltration Performance of Different Whey Solutions in
a Dead-End Membrane Separation System” [MTMT: 35639572] és ,Optimization of
Ultrafiltration Parameters in a Laboratory-Scale Unit Using Dairy Model for Membrane Fouling
Mitigation” cimekkel: [MTMT: 35639548])

VI. 2024.12.03-04. ONLINE mddon elGadas tartasa a briisszeli ,IDF Circularity in the Dairy
Chain Symposium 2024” nemzetkozi konferencidan meghivott eléaddként (,,Dairy wastewater
treatment by advanced membrane separation techniques” cimmel)
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APPLICATION POSSIBILITIES OF LOW-PRESSURE MEMBRANE SEPARATION
PROCESSES IN THE DAIRY INDUSTRY

Szaboles Kertész'*, Aws N. Al-Tayawi', Gréta Gergely', Jozsef Richird Lennert?,
Jozsef Csanadi’, Gibor Veréb!, Sandor Beszédes', Zsuzsanna L4szl6!, Abrahdm Imre?,
Garabné Abraham Nora*, Siiveges-Gruber Andrea*, Cecilia Hodur!

"Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Szeged, HUNGARY
2Department of Power Electronics and E-Drives, Audi Hungaria Faculty of Automotive Engineering, Széchenyi
Istvan University, Gyér, HUNGARY
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-
TET-IPARI-TR-2022-00011 projects.
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INTRODUCTION

In this research, the flow dynamics within different low-pressure membrane separation filter modules on the filtration process parameters were
investigated. The primary scope was to mltlgate membrane fouling, a major drawback, by enhancing membrane surface shear rates. This was achieved
through i i hods i 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 membrane fouling, leading to lower resistance values.

MATERIALS AND METHODS

Dairy model wastewater: 5 gL skimmed milk powder (Tutti Kft., Hungary) and 0.5 gL? anionic detergent (Chemipur CI80, Szeged, Hungary) produced with tap
water at 25 °C; Laboratory membrane filter cell: (Merck Millipore for MF and UF, Germany);
3D printing of turbulence promoters for form testing: The first three turbulence promoters: FDM technology, Fusion 360 software; Ultimate Cure 5.0.0
program; Creality CR-10S Pro V2 type 3D printer (China), polylactic acid (PLA) based composite filament;
The fourth (doubled) polyamide (PA) plastic: JF technology, HP Jet Fusion 5200 type printer (Gy8r, Hungary):

3D printing of turbulence promoters for material testing:
The first is PLA, the second is made of resin (SLA, Anycubic Photon S 3D printer (China), Anycubic Eco UV Resign material), the third is made of thermoplastic
polyurethane (TPU) and the fourth is made of stainless steel material, which is DMLS technology, EOSINT M270 (EOS, Germany) printer, made of metal

Operational parameters: mixing speed: 0 rpm; 200 rpm; 400 rpm; transmembrane pressure (TMP): 2 bar (0.2 MPa); 4 bar (0.4 MPa); cut off values of
ultrafiltration polymer PES membranes: 10 kDa; 20 kDa; 50 kDa;

Additional analytics: pH meter (Thermo Scientific Orion 5-Star Plus Multifunction Benchtop Meter, United States); Turbidity determination (Hach 2100N
Turbidimeter, United States); Chemical oxygen demand (COD) digester and photometer (Lovibond RD 125 and MD 200, Germany)

RESULTS AND DISCUSSION

Results of ultrafiltration of dairy wastewater

1. Based on the results of our first series of experiments, 18 experiments, Increasing of the average e 269 +33%+w" o
we selected the optimum values for the membrane filtration properties: permeate fluxes as aresult of | & 60/ Al 0% 1
changing the parameters. | _so ﬁ =
400 rpm, 3 bar, 20 kDa: B
]
2. After that, form tests were performed in the second round with 10 experiments. ;’" |
Among the 4 different forms tested, we chose the 'PLA starting' turbulence promoter b BB I:% % o=
(type 1) that gave the best results: b e
0

3. Thus, we planned the third round of Dairy by-product utilization
material tests, 10 experiments, in this way:
Based on our ultrafiltration results obtained
after fitting them into the module, the resin
material showed the most outstanding flux
improvement and reduction of membrane

fouling.

Furthermore, membrane separation processes with low pressure
(MF, UF) are also suitable for the selective separation required for
the utilization of dairy by-products. Most of the components of
buttermilk and whey, which are produced in large quantities in
the dairy industry, are heat-sensitive, therefore among the non-
thermal food processing technologies, microfiltration (with
polymer 0.1, 0.2, 0.45 pm membranes) and ultrafiltration (with
10, 100, 150 kDa cut off) are also examined in detail. The aim is
to reduce the initial microbial load and to enrich the functional
%/’]\’ components (mainly lactoglobulin G/membrane
proteins/phospholipids/lipid fractions from whey and milk fat
globule membrane constituents from buttermilk) and then
selectively concentrate them. Afterwards, the fouled
= | membranes are cleaned with special cleaning agents, mainly in
material order to take into account the principles of the circular economy.

Ave. flux [Lm?n]
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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
soluble proteins like B-lactoglobulin, a-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- and B-lactoglobulin-
free concentrate with minimal lactose content.

In our study, we employ a cascade membrane system comprising several sequential steps,
including: Milk fat separation step with 0.1/0.2/0.5 um pore sizes MF membranes. Protein-
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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The utilization of low-pressure membrane separation processes, such as microfiltration (MF) and ultrafiltration (UF) can be very The aim of this workis to investigate the effect of freezing. To this end, low-pressure
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effective in the selective separation of valuable components from various dairy by-products such as whey or buttermilk. Whey, paration parameters of y y freezing
abundant in lactose and soluble proteins like p- poses risks for individuals with (unfrozen) were examined and compared, primarily for permeate fluxes (1.), resistances (2.)
and br i tight, 10 kDa ig! (MwWco) UF

milk protein allergies. Our general scope is o selectively separate compounds in addition to lactose in order to obtain an
i in (Ig)-rich, casein- and p- i ith minis membrane and a loose, 150 kDa MWCO UF membrane.

Our further plan is to coope: the industri to itions for cleaning
fuled e i ot _
the membranes can be used in as many bl ing to the princi y.

V' Low-pressure membrane separation cell
v Ultrafiltrations were carried out

at 0.4 MPa transmembrane pressure (TPM) on 2541°C
In our study,
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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
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INTRODUCTION

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).

w

MATERIALS AND METHODS

Dairy model wastewater: 5 gL skimmed milk powder (Tutti Kft., Hungary) and 0.5 gL anionic detergent (Chemipur CI80, Szeged, Hungary) produced with
tap water at 25°C; Laboratory membrane filter cell: (Merck Millipore, Germany); 3D printing of turbulence promoters for form testing: The 1%t promoter:
FDM technology, Fusion 360 software; Ultimate Cure 5.0.0 program; Creality CR-10S Pro V2 type 3D printer (China), polylactic acid (PLA) based composite
filament;The 2" promoter: It was made using the same technology as the first one, but the filament was produced by recycling PET bottles with the
ReFilamer (Hungary) equipment.

PLA

3D printing of turbulence promoters for material testing:
The first 3D-printed turbulence promoter was made from PLA, while the second one was made from PET, or polyethylene terephthalate. In our previous

research, we determined that the height of 3D-printed turbulence promoters does not significantly affect filtration properties. Considering these results and
environmental protection, we removed the ring connecting the deflectors from the top of the PET 3D printed turbulence enhancing element.

Operational parameters: mixing speed: 200 rpm; (400 rpm); transmembrane pressure (TMP): 2 bar (0.2 MPa) cut off values of ultrafiltration polymer PES
membranes: 150 kDa

Additional analytics: pH meter (Thermo Scientific Orion 5-Star Plus Multifunction Benchtop Meter, United States); Turbidity determination (Hach 2100N
Turbidimeter, United States); Chemical oxygen demand (COD) digester and photometer (Lovibond RD 125 and MD 200, Germany)

RESULTS AND DISCUSSION

Results of ultrafiltration of dairy wastewater

1. The laboratory measurements were carried out within the parameters that previously gave the best * Q;_’:Q
energetic results: 200 rpm, 2 bar, 150 kDa © e =

Wbt pET

2. After the measurements, we determined the flux value of the ultrafiltration membrane, which provides
information on the filtration speed. After that, we compared the flux values obtained using the PLA 3D
printed turbulence promoter.

wahper

M eiienee
Effect of PLA and PET turbulence promoters on the flux | [ 7 === B
PET400 pm retention values for turbidity, total " - - "
e | [ salinity and organic matter content, = = =
averzoomm as well as the membrane resistance Future dairy by-product utilization possib
. |[values.  The  turbidity retention | [Furthermore, membrane separation processes with low pressure (MF, UF) are
ApETOpm values were above 99% in all cases| |also suitable for the selective separation required for the utilization of dairy
” rarrsomn || 3nd the total salinity retention values | [by-products. Most of the components of buttermilk and whey, which are
-l - A ranged between 6-15%. produced in large quantities in the dairy industry, are heat-sensitive, therefore
o == 5 ) among the non-thermal food icrofiltration (with
° mo e w0 aw e For  organic _SUbSta"ces' the [ | Soiymer 0.1, 0.2, 0.45 um membranes) and ultrafiltration (with 10, 100, 150
Hivoton el membrane retentions ranged from| |kpa cut off) are also examined in detail. The aim is to reduce the initial
43.7% to 59.9%. The improvement| |microbial load and to enrich the i (mainly if
Change infilration ime as a esult of 30 pinted turbulence enhancers| | 5 yieved was 9.28% with the 200 rpm e ipids/lipld| fractions from whey andmilk fat
PLA turbul p PET turbul PET turbulence promoter. globule membrane constituents from buttermilk) and then selectively
0 rpm 89005 68725 them. Afterwards, the fouled membranes are cleaned with
200 rpm a17s 23455 special cleaning agents, mainly in order to take into account the principles of
the circular economy.
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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
anionic detergent dissolved in tap water at 25°C, achieving concentrations of 5 g/L. and 0.5 g/L,
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,
providing a total effective filtration area of 0.0036 m?. Transmembrane pressure was controlled
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 (PA4-DB)), and simultaneously, four identical
designs were used for material testing (PLA4, 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 =25°C, 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.
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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
0.1/0.2/0.5 pm, followed by protein-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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DAIRY BY-PRODUCT
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INTRODUCTION & OBJECTIVE

The dairy industry is highly water-intensive, producing wastawater 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.

CASCADE MEMBRANE SYSTEM
~

A cascade membrane system is utilized, incorporating several sequential
stages: initial milk fat separation using microfiltration (MF) membranes with
pore sizes of 0.1/0.2/0.5 um, followed by protein-selective uftrafiltration {UF)
with-membranes of 100-150 kDa molecular weight cut-offs, and subseguent
protein concentration using a 10 kDa UF membrane.

® [ow-prassure membrane separation cell
® Ultrafiltrations at 0.4 MPa TPM, 2521°C
® Stirring speed: 500 rpm

® Feed volume: 250 mi

® Permeate volume: 200 ml (VRR=5)

=
1. 2 | 3
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. = L4 pm .n,l. 0.2, 0.5 yum [ = 100-150 kDa .|
[
dleaning milk fat segaratian protain suparation pratein concentration
MICROFltration MICROfiftration Locse UF Tight UF
RESULTS AND DISCUSSIONS
[ 1. Permeate fluxes ]

Flux and rejection are critical parameters in evaluating membrane performance. Flux measures the permeate volume and
production rate, while rejection indicates the membrane's effectiveness in removing COD. These two factors together assess
the membrane's ability to reduce COD levels. The average permeate fluxes for 150 kD:a UF was 7% higher than 10 kDa UF.
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( 2. COD removal ]

( Membrane separation is capable of lowering the COD in wastewater from various sources. COD levels are often a strong.
indicator of toxins in wastewater, with higher values signaling greater contamination. The result showed that the COD removal
| of 150 kDa and 10 kDa UF membranes was achieved at 33% and 40%, respectively.

/

50
5 _
40

£ w0
& i 150kDa UF 15.5 42160 33
§ 20 = 10kDa
ES
10kDa UF 14.2 38200 40
cknowledgments

(This study was supported by the 2022-1.2.6-TET-IPARI-TR-2022-00011 grant from the National Research, Development, and}

\\nnm'ation Cffice {NKFI), Hungary.

31



30th International Symposium on Analytical and Environmental Problems

SZAB*1961

PROCEEDINGS OF THE

30" International Symposium
on Analytical and Environmental Problems

Szeged, Hungary
October 7-8, 2024

0(“9 30" “

()
8 -

g 3
- )
] 2
£ )
(] »n
E 3
[

° ]

% G ¢

() -3
° S
<, A
() o
\]
/8op Ky

30th International Symposium on Analytical and Environmental Problems

University of Szeged

Edited by:
Ttinde Alapi
Rébert Berkecz
Istvan Ilisz

Publisher:
University of Szeged, H-6720 Szeged, Dugonics tér 13,
Hungary

ISBN 978-963-688-009-5

2024.
Szeged, Hungary

2

32



30th International Symposium on Analytical and Environmental Problems 30th International Symposium on Analytical and Environmental Problems

The 30" International Symposium on Analytical and
Environmental Problems

Organized by:
SZAB Kémiai Szakbizottsag Analitikai és Kornyezetvédelmi Munkabizottsaga

Supporting Organizations
Institute of Pharmaceutical Analysis, University of Szeged
Department of Inorganic and Analytical Chemistry, University of Szeged

Symposium Chairman:
Istvan llisz, DSc

Honorary Chairman:
Zoltan Galbacs, PhD

- . Poster Proceedings
Organizing Committee:

Istvan llisz, DSc
professor of chemistry
University of Szeged, Institute of Pharmaceutical Analysis
Tiinde Alapi, PhD
assistant professor
University of Szeged, Department of Molecular and Analytical Chemistry
Rébert Berkecz, PhD
associate professor
University of Szeged, Institute of Pharmaceutical Analysis

Scientific Committee:

Istvan Ilisz, DSc

Tiinde Alapi, PhD

Rébert Berkecz, PhD
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

IMPACT OF SPACER GEOMETRY ON ULTRAFILTRATION
PERFORMANCE IN A FILTER MODULE

Imre Vajk Fazekas!, Aws N. Al-Tayawi', Jozsef Richard Lennert?, Sandor
Beszédes!, Jozsef Csanadi®, Cecilia Hodur!, G4bor Veréb!, Zsuzsanna L4szl6',
Szabolcs Kertész!™

Department of Biosystems Engineering, Faculty of Engineering, University of Szeged,
Szeged H-6725, Hungary
’Department of Power Electronics and E-Drives, Audi Hungaria Faculty of Automotive
Engineering, Széchenyi Istvan University, Gyér H-9026, Hungary
3Department of Food Engineering, Faculty of Engineering, University of Szeged,
Szeged H-6725, Hungary
Corresponding author: " kertesz@mbk.u-szeged. hu

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

In today’s world, wastewater management poses a significant challenge due to limited
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 (7DS), 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.
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Figure 1. Permeate fluxes as a function of time Figure 2. Retentions compared within each spacer
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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
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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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In our research, we aimed o explore how the filfration efficiency of a specialized membrane filtration device could be
enhanced using custom-made, 30-printed spacers with various geometric designs. We performed experiments using model dairy |
wastewater made from skimmed milk powder, cleaning defergent and room temperature (25°C) tap water, a polyethersulfone : — |
(PES) ultrafiltration membrane with a 30 kDa cut-off value, and a VSEP Series L membrane filtration device. The tests were CPACER
performed with (and without) different spacer configurations, with a transmembrane pressure of 0.8 MPa and a recirculation
volume flow of approximately 15.14 L/min.
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significantly improved the filtering efficiency, with some geometric configurations yielding better results.

Designing the spacers
The initial spacer prototypes were made using PLA plastic. However, PLA
proved inadequate in durability when exposed to alkaline cleaning agents,
prompting the need for a more robust material. We switched to PETG and
PCTG, as they offer greater resilience under extreme conditions, including
high pressure and exposure to highly acidic or alkaline cleaning chemicals.
Our initial geometric design was relatively simple, incorporating cylinders
and cones to disrupt the uniform flow inside the module. The second-
generation, however, is more advanced, inspired by the Tesla valve
concept. The key improvement in the new design is that it not only P
disrupts the flow but also channels it along a specific path, potentially g -
promoting a more uniform flow across the membrane surface.
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Findings and conclusion
* It can be confidently stated that the use of spacers led to better results compared to the control measurements. Sp.1 demonstrated the best overall performance across most parameters,
including permeate flux, resistance, and specific energy consumption.
« Significant differences were observed among the spacer designs, with Sp.1 and Sp.2 performing notably better than Sp3 and Sp.t. However, Sp.3 and Sp.t required 20% less plastic and
30% less printing fime.
* Further research should explore combining multiple anti-fouling techniques, such as spacers and module vibrations, as preliminary experiments have shown promising results.
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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
fat separation via MF membranes with pore sizes of 0.1, 0.2, and 0.5 um. This was followed by
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 0.5 pum 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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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

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
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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.
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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.
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Juction

ailing challenges in membrane-based processes are membrane fouling
ncentration polarization. Membrane fouling is a significant problem as it
shes flux rates, compromises rejection efficiency, and increases energy
mption. To mitigate membrane fouling, optimizing membrane parameters
as transmembrane pressure, stirring speed, and membrane cut-off values
icial. Modifying membrane properties to enhance hydrophilicity can
e foulmg formation. Adjustmg these operational parameters can impact
5 for i g pressure can lead to higher fouling
mproved permeate quality. Moreover, optimizing the membrane cut-off
s is essential. as it directly influences the severity of fouling.

study examines the operational parameters of ultrafiltration membranes,

tes, within a laboratory-scale model simulati dairy
on determining the optimal p Cc ive statistical analyses
e conducted on the data to optimize the spemﬁed Pparameters.

erial and Methods

' The ultrafiltration experiments were carried out using a Millipore Solvent
Resistant Stirred Micro- and Ultrafiltration Cell.

- 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).

sults

Different ultrafiltration operation parameters (stirring speed, pressure, and
3 embrane cut-off values) were investigated. The optimum filtration constants were
selected by varying the ﬁltratlon speed (permeate flux). quality (membrane
| ), and economy (2 ), taking into account three aspects. The results
ere subjected to statistical analysis at a significance level of p<0.005 and a
onfidence interval of 0.95, thus helping to confirm the most appropriate choice.
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Conclusion

This study aimed to analyze flow modifications in detail and optimize ultmﬁ
by varying operating parameters such as pressure, stirring speed, and men
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Problems (ISAEP 2024)” nemzetkozi konferencian egy szobeli el6adas tartasa (,ANALYZING
FLOW DYNAMICS WITH 3D PRINTED TURBULENCE PROMOTERS IN ULTRAFILTRATION UNITTO
MITIGATE MEMBRANE FOULING” cimmel: [MTMT: 35465796]) és két darab poszter
bemutatasa (,CASCADE MEMBRANE SYSTEM FOR EFFECTIVE COD REMOVAL FROM DAIRY BY-
PRODUCT” [MTMT: 35465839] és ,IMPACT OF SPACER GEOMETRY ON ULTRAFILTRATION
PERFORMANCE IN A FILTER MODULE” cimekkel: [MTMT: 35466592])

V. 2024.11.7-9. Debrecenben a ,10th International Scientific Conference on Advances in
Mechanical Engineering (ISCAME 2024)” nemzetkozi konferencidn két darab poszter
bemutatasa (,,Investigation of the Ultrafiltration Performance of Different Whey Solutions in
a Dead-End Membrane Separation System” [MTMT: 35639572] és ,Optimization of
Ultrafiltration Parameters in a Laboratory-Scale Unit Using Dairy Model for Membrane Fouling
Mitigation” cimekkel: [MTMT: 35639548])

VI. 2024.12.03-04. ONLINE moddon el6adas tartasa a briisszeli ,,IDF Circularity in the Dairy
Chain Symposium 2024” nemzetkozi konferencidan meghivott eléaddként (,,Dairy wastewater
treatment by advanced membrane separation techniques” cimmel)
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I. Importance of DWT

w-Due (0 the ising demand for dairy products in recent years,

the amount of dairy wastewater discharged annually is
increasing.

»The issucs of dany wastewaler Geatment  High
concentrations of protein and lipids.

 Traditional
supplemented

‘methods are no longer perfect and need to be

Il. Classical DWT

PiTayaw, AN; Sy, EJ. Boszades, 5. Ketész 5.
Wnstaiate Tresiment n e Dasy Incuery o
Classical Trastmnt o Promising Technaogs: An
Cuervier. Frocesses 2023, 1, 2133,

=
SZEGEDI TUDOMANYEGYETEM

Ranul K 5 5. Buanesian:Femin Nojeed: Manaesha-Manoj . E Jose: Analh oran. Dfeer teatmers methodologies and reaas
026z
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lll. Common features of MST

Membrane processes
Membrane:

semi-permeable”

Permeability &
selectivity

»An intervening
phase separating
two phases and/or
acting as an
active or passive
barrier to the
transport of matter
between phases”
by EMS

SZEGEDI TUDOMANYEGYETEM
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lll. Common features of MST
Permeate flux

The flux is the quantity of 1 theoretical behaviof
material passing through
a unit area of membrane V4
per unt time [LMH]. .
L 7 Inreality
where: ri
J = permeate fluxJ[bm 2k~ or mm %51 or ms '] 3 » e

Ly = hydraulic permeability, m.s~'Pa™

Transmembrane Pressure Drop

lll. Common features of MST

Driving force
_—

v{Pressure driven membrane processes:

Microfiltration (MF) i
Lower | | yltrafiltration (UF) || Higher
porous | “Nanofiltration (NF)
Reverse osmosis (RO)

SZEGEDI TUDOMANYEGYETEM

pressure

size needed

SZEGEDLTUNOMANYEGYETEM =

v Microfiltration

lll. Common features of MST e

Pressure-driven membrane =
processes: e

Nanofiltration

lll. Common features of MST

Unit/ module configurations

H lll. Common features of MST
i

&

1]

g Unit/module configurations

2

| Dead-end "o U o Cross-flow
-] - €
§  [wemi]] U il
2 ) e, % 0. o
i} . ote ohe B

SZEGEDI TUD| o ANYEGYETEM

Cake thickness

d-end | .°) Wy “o° e o Cross-flow
(e
p ble barriers
Laminar flow
Size separation

Typical symbol: m or D
Main driving force: pressure
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E - IV. lllustrated examples of multi-stage
processes

or Ret./Conc.:
Fraction remaining

or Perm.:
Fraction passed through the membrane

SZEGEDI TUDOMANYEGYETEM
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IV. lllustrated examples of multi-stage

bcwisg,  PrOCESSES
QB

-

A »

FR———

IV. lllustrated examples of multi-stage
processes

v Observed retention
Ry=50%

R=0% ¢z Concentration in the permeate

c,: Concentration on feed side (in the bulk)

Express cpas a function
of

Cap =0 Car

v Real retention:

Ccp = Ccr

% < Car ¢y Concentration at membrane surface

Whynot 20564t | ey < €p < Cp assume cp~Cp

SZEGEDI TUDOMANYEGYETEM

=

ez |/, [llustrated examples of multi-stage
processes
A special application:
Lactose to
animal feed|
skimmed [ .
K UF  |dectose| e
«_ | Minerals | .
Cream ;
Lactose-free milk

v Recycle the feed
v Addition of enzyme is required

B vty ot seges %

V. Advantages, disadvantages

MEMBRANE SEPARATION PROCESSES

Advantages

¥ Easily combinable
¥ Continuous process
v Mild conditions
v New are not needed | pj
¥ High efficient contaminant removal | v pMembrane fouling
(wide range) v Concentration polarization

v Improved production efficiency

SZEGEDI TUDOMANYEGYETEM

vLow permeability
+High capital cost

Bulk of the feed

Polarization layer

Membrane

SZEGEDI TUDOMANYEGYETEM

V. Advantages, disadvantages

lembrane fouling and ¢

Reversibie
fouling

X

Cleaning

fitation Mombrane

fitraton

Cloaning

Flux over time due to
reversible and irreve:

2025.02.11.
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VI. Fouling mitigation possibilities

Altering operational conditions
¥ recirculation flow rate (g,.z)
¥ reduction of TMP

Increasing shear rate at the membrane surface
v stirting (batch, dead-end); ... (crossflow)

v static promoters integrated into module

+ membrane module vibration
v rotating disc module

SZEGEDI TUDOMANYEGYETEM

Combined membrane systems
¥ ultrasonic treatment
¥ two step membrane processes

Pre-treatment methods ,ntegrbflon of
+ coagulation and flocculation 3D printed
vEER promoters

Using nanoparticles and

v new modified membrane development
v submerged membrane reactors spacers

VI. Fouling mitigation possibilities
RESEARCH SCOPES in general

¥ to investigate the flow hydrodynamics within different membrane modules

¥ to optimize the flow conditions in a:
- laboratory separation cell,
- cross-flow Vibratory Shear Enhanced Processing (VSEP) device

¥ to mitigate membrane fouling

¥ to implement shear rate enhancement on the membrane surface
using module vibration and/or 3D printed elements

SZEGEDI TUDOMANYEGYETEM

¥ toinsert specially own designed promoters and spacers into the modules

Specific RESEARCH SCOPES

In this study, various 3D printed spacers were investigated
using a specialized VSEP device during ultrafiltration
of model dairy wastewater.

VI. Fouling mitigation possibilities
In our Department

GYETEM

VI. Fouling mitigation possibilities

| 11 Cross-flow

nynxm1mumn@1mum_mnmm1 e
Do panes O o

SZEGEDI TUDOMAN'

VI. Fouling mitigation possibilities

In our Department

| 1L cross-flow \

o2
e

VI. Fouling mitigation possibilities

proviously studied configurations: .
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FDM 3D printing /filaments:
PLA
high temperature PLA (PLA_HT)
PLA advanced pro (PLA_ADV_PRO)
PETG (PETG; PETG_POLYM)
ABS

CNT infused ABS (0.05%, 0.4%)
(ABS_CNT_005; ABS_CNT_04)

ASA
L S

Conclusions and plans

§ 0V METE National Scientic St Goforanco & campesion:
poenmg ko scieund 1 loca i
Eooctzchnology andoparatens I secton

Energy Consumption

produced romereoyargofET
Speracr O, Szsbars Kores:

e e .

SECWh m]

Nep - Pep | (Mvm " Pyu
e e (jiA)

k| Membrane retention values g
[
o Pomesbyosa ., 3d Printer Filament Production Machine
| Future: .

vCED [
VOther sp. shape dev. -

: e vy [ ——

SO — e et o’ P Filament Maker ONE

i Dy oot et by orcdmenbone s i, —] Filament dev.

PLA: polylactic acid

PETG: polyethylene terephthalate glycol
ABS: acrylonitrile butadiene styrene
ASA: acrylonitrile styrene acrylate

TPU: thermoplastic polyurethane

Oty et et by Ahoreed otz st g,

& scto

s sdes. POSSIBLE SOLUTIONS?
I. PLA

|

PETG

Szabolcs Kertész PhD.
associate professor
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35 EEEER._[ VIl Resul bairy model Results | [ Dairy model

ultrafiltration L
Permeate Fluxes Over Time ultrafiltration —— 0.8 MPa, E——
Mo asps| | Parameters: 0.8 MPa, - 252°C, 15 L/min
0 P P 25#°C, 15 L/min oses

Fluxes [Lm?h]
e g
ﬁ

|

-sp1

» ,
< Vibr.185p.1 - g model for
— - v s permeate flux: Raaw|
. e

1RREV

= Rt R+ R

osp2

e r av - 2 Reduction in Resistances Compared to the
° dt-A N et Control Measurement
o ® 4 _e g 100 v 100
Tin [min} < | Vibr.185p
B e ||,
o i AcnaaDitemce Durarss LN ® Vibr.1&5p1]
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