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Vorwort / Predmluva

Materialwissenschaftler:innen aus Usti nad Labem und Dresden trafen sich im Dezember 2024
zum ersten Doktorandensymposium fur Materialwissenschaft im Rahmen des Interreg-Projektes
MATun zu den Schwerpunkten Fertigungsprozesse, Materialcharakterisierung, Umwelt- und Bio-
technologie. Ziel des Symposiums war es, den interdisziplinaren Austausch zwischen tschechi-
schen und deutschen Forschungseinrichtungen zu férdern und die internationale Zusammenar-
beit entlang der sachsisch-tschechischen Grenze zu unterstitzen.

Die organisierten Aktivitaten reichten von wissenschaftlichen Prasentationen aktueller For-
schungsprojekte Uber Diskussionsrunden zu moglichen Kooperationen bis hin zu einer Come-to-
gether-Veranstaltung bei Tee und weihnachtlichen Snacks. Das Projekt MATun wird vom Pro-
gramm Interreg Sachsen - Tschechien 2021-2027 finanziert. Alle Teilnehmerinnen und Teilnehmer
- Promovierende, Wissenschaftlerinnen und Wissenschaftler und Studierende der beteiligten Insti-
tutionen - nutzten die Gelegenheit, individuelle und neue Kontakte zu knlpfen, sich tber aktuelle
Forschungsthemen und -methoden auszutauschen, Ansatzpunkte fur zukunftige Kooperationen
zwischen den verschiedenen Forschungsbereichen und Institutionen zu finden und auch die Ge-
meinsamkeiten und Unterschiede zwischen der deutschen und der tschechischen Forschungs-
landschaft zu diskutieren.

In diesem Tagungsband werden sowohl die Institutionen mit ihren speziellen Themen vorgestellt
sowie aktuelle Forschungsthemen und deren Ergebnisse prasentiert.

Materialovi védci z Usti nad Labem a Drazdan se v prosinci 2024 se3li na prvnim materidlovém
sympoziu v ramci projektu Interreg MATun se zamérenim na vyrobni procesy, charakterizaci ma-
terial(, environmentaini technologie a biotechnologie. Cilem sympozia bylo podpofit mezioboro-
vou vymeénu mezi Ceskymi a némeckymi vyzkumnymi institucemi a podpofit nadnarodni spolupraci
na mezinarodni Urovni podél sasko-Ceské hranice.

Organizované aktivity se vénovaly jak védeckym prezentacim aktualnich doktorskych projektl a
vyzkumnym témattim, tak i diskusim o mozné spolupraci a spole¢nému posezeni u ¢aje s vanocnim
ob&erstvenim. Konference byla financovana z programu spoluprace INTERREG Ceska republika -
Sasko - 2021-2027. VSichni Gcastnici - doktorandi, védecti pracovnici a zaméstnanci zdc¢astnénych
instituci - vyuZzili prilezitosti k navazani individualnich i novych kontakt(, k vyméné nazorl na ak-
tualni vyzkumna témata a metody, k nalezeni vychodisek pro budouci spolupraci mezi jednotlivymi
vyzkumnymi oblastmi a institucemi a také k diskusi o podobnostech a rozdilech mezi némeckou a
Ceskou vyzkumnou krajinou.

Cilem sborniku z konference je predstavit jednotlivé instituce s jejich odbornymi tématy a labo-
ratofemi a prezentovat aktualni vyzkumna témata vychazejici z predstavenych projekta.



1. Projekt MATun / Projekt MATun
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Im Projekt MATun werden gemeinsame Qualifizie-
rungsangebote ausgearbeitet, die die fachliche
Breite und Qualitat der studentischen Ausbildung er-
héhen, und gemeinsame Forschungsarbeiten initi-
iert. Ziel ist die grenzibergreifende Nutzbarma-
chung von Synergien in diesem Feld. Die technische
AusrUstung ist auf beiden Seiten sehr gut, aber nicht
gleich. Dieses Potenzial der sehr kostenintensiven
Laborausstattung soll zukunftig gemeinsam genutzt
werden. Es ist vorgesehen, insbesondere aktuelle
Forschungsthemen und Hightech-Verfahren und -
Gerate in die gemeinsame studentische Ausbildung
zu integrieren. Das Projekt ist dreistufig aufgebaut:
In Projektphase eins werden gemeinsam Online-Vor-
lesungen erarbeitet, die fur deutsche und tschechi-
sche Studierende angeboten werden. Darauf auf-
bauend werden in der zweiten Projektphase studen-
tische Belegarbeiten und Forschungsarbeiten zu bei-
derseits interessierenden Themen angeboten und
gemeinsam betreut, wozu die Teilnehmenden (Dok-
torand:innen und Masterstudent:innen) jeweils zeit-
weise an der anderen Universitat tatig sind. Mit die-
ser Phase startet die Durchfihrung jahrlich wechsel-
seitig auszurichtenden wissenschaftlicher Sympo-
sien, die zur Vorstellung und Diskussion laufender
Forschungsarbeiten dienen. In der dritten Pro-
jektphase werden die Erfahrungen genutzt, um die
Module zu verstetigen, anderen Hochschulen anzu-
bieten und sie werden fur die Sensibilisierung von
Schulerinnen und Schiilern fur ein werkstoffwissen-
schaftliches Studium aufbereitet.

V projektu MATun jsou spolecné zpracovavany
nabidky vzdélavani, které zvy3suji kvalitu vzdélavani,
pripravuji spolecné kvalifikacni programy, které zvysi
rozsah a kvalitu vzdélavani studentd, a zahajuji se
spolecné vyzkumné projekty, které poskytuji prostor
pro spole¢né vyzkumné prace. Cilem projektu je
preshrani¢ni vyuZziti synergii v této oblasti. Technické
vybaveni je na obou stranach velmi dobré, nikoliv
vSak stejné. Tento potencidl investicné velmi
narocného laboratorniho vybaveni bude vyuzivan
spole¢né. Predpokldda se zejména zaclenéni ak-
tualnich vyzkumnych témat a modernich pristupl a
pristroji do spole¢ného vzdélavani. Projekt je zpra-
covan ve tfech stupnich: v prvni projektové fazi bu-
dou zpracovany spolecné online prednasky, které
budou nabidnuty ¢eskym a némeckym studentlim.
Nasledné bude ve druhé projektové fazi studentlim
magisterského a doktorského studia nabidnuta
moznost spoluprace na védecké praci k oboustranné
zajimavym tématlm, kterd budou odborné pod-
porena z obou stran. Tyto aktivity studentd budou
CasteCné probihat i na univerzité partnera. V této fazi
zaCne program realizace rocnich stfidajicich se
dvoudennich védeckych symposii, kterd slouzi k
prezentaci a nasledné diskusi probihajicich
vyzkumnych praci. Ve tfeti projektové fazi budou na
zakladé ziskanych poznatkd a zkusenosti zpracovany
vzdélavaci moduly jak pro dalsi univerzity, tak pro
studenty stfednich 3kol pro podporu dalSiho studia
0 materialech.



1.1 Ruckblick Symposium / Symposium - prehled

Am 5. und 6. Dezember 2024 fand im Feldschl&ss-
chen Stammhaus in Dresden das internationale Dok-
torandensymposium im Rahmen des Projektes
MATun statt. Es bot Promovierenden, Masterstudie-
renden und Postdocs eine Plattform zur Prasenta-
tion ihrer Forschung und férderte den interdiszipli-
naren sowie grenziberschreitenden Austausch.

Am ersten Veranstaltungstag standen zentrale Fra-
gen der industriellen Werkstoffanwendung im Mit-
telpunkt. Das Themenspektrum reichte von der Op-
timierung metallurgischer Prozesse Uber die Unter-
suchung metallischer Oberflachen bis zur Analyse
von Korrosionsmechanismen. Besonders hervorge-
hoben wurden Beitrage zum GieBen hochlegierter
rostfreier Stahle, zur hydrophoben Modifizierung
von Aluminiumoberflachen sowie zur Weiterentwick-
lung von Umformtechnologien. Der zweite Tag wid-
mete sich aktuellen Forschungen aus Nanotechnolo-
gie, Biomedizin und modernen Implantatmateria-
lien. Diskutiert wurden unter anderem die CO,-Ab-
scheidung mit Nanofasermembranen, die Funktio-
nalisierung von Nanodiamanten und die Herstellung
piezoelektrischer Schichten fur Titanimplantate.

Zum Abschluss wurden herausragende Beitrage von
den Teilnehmenden aus Usti nad Labem und Dres-
den pramiert.

Ve dnech 5. a 6. prosince 2024 se ve Feldschlésschen
Stammhaus v Drazdanech konalo mezinarodni dok-
torandské sympozium v ramci projektu MATun. Akce
nabidla doktorandim, studentlim magisterského
studia a postdoktorandim platformu pro prezentaci
jejich vyzkumu a podporila tak mezioborovou a
preshrani¢ni vymeénu.

Prvni den akce byl zaméfen na centralni otazky
pramyslového vyuziti materiald. Spektrum témat
sahalo od optimalizace metalurgickych procest az
po zkoumani kovovych povrchd a analyzu koroznich
mechanismd. Zvlastni dlraz byl kladen na prispévky
tykajici se odlévani vysoce legovanych nerezovych
oceli, hydrofobni modifikace hlinikovych povrch( a
dalSiho vyvoje technologii tvafeni. Druhy den byl
vénovan aktualnimu vyzkumu v oblasti nanotechno-
logii, biomediciny a modernich materiald pro im-
plantaty. Mezi diskutovana témata patfila depozice
CO, pomoci nanovlakennych membran, funkcionali-
zace nanodiamantl a vyroba piezoelektrickych
vrstev pro titanové implantaty.

Na zavér byly ocenény vynikajici prispévky Gcastnikd
z Usti nad Labem a Drazdan.

1.2 Organisationskomitee / Organiza€ni vybor

Technische Universitat Dresden

* Dr.-Ing. Ute Bergmann, Chair Biomaterials, Head of Group Corrosion and Surfaces, Institute of Material

Science, TU Dresden

* Dipl.-Ing. Josephine Roth, Chair Biomaterials, Institute of Material Science, TU Dresden

* Dipl.-Ing. Gritt Ott, CIMTT, TU Dresden
= M. Sc. Carolin Bbhme, CIMTT, TU Dresden

Jan Evangelista Purkyné University (UJEP) in Usti nad Labem

* Ing. Petr Lauterbach, Fac. of Science, UJEP

=  Bc. Zuzana Fridrichova, Fac. of Science, UJEP

» Lydie Kovacova, Fac. of Science, UJEP

= prof. RNDr. Pavla Capkova, DrSc., Fac. Of Science, UJEP



2 Projektpartner und assoziierte Partner / Projektovi a

pridruZeni partnefi

2.1 Jan Evangelista Purkyné Univer-
sity in Usti nad Labem

Die UJEP ist nach dem berihmten nordbéhmischen
Libochovicer Jan Evangelista Purkyné (1787-1869)
benannt, der als einer der Begrinder von
Wissenschaften  wie  Biologie, = Embryologie,
Histologie,
vergleichender Anatomie und Anthropologie gilt.
AulBerdem zahlte Purkyné zu den herausragendsten
Physiologen der Welt.

moderner Pharmakologie,

So wie Purkyne zu seiner Zeit eine vielseitige
Personlichkeit war, bietet auch die Universitat heute
ein breites Spektrum an Studiengangen und
Spezialisierungen (55 Studiengange und 173
Spezialisierungen) an, die weite Bereiche
menschlicher Aktivitdten abdecken. Mit dieser
breiten Palette an Studiengangen ist die Universitat
fur die junge Generation attraktiv geworden.

Die Universitat ist ein hochmodernes
wissenschaftliches, padagogisches, kulturelles und
bildungspolitisches Zentrum in der Region Usti nad

Labem.

Die Universitat bildet aktuell mehr als 10 000
Studierende aus und beschaftigt rund 900
Mitarbeiter:innen.

Die Universitat ist stolz auf die Stadt Usti nad Labem
und tragt wesentlich zur Entwicklung der Region bei.

Die Universitat UJEP besteht seit 1991 und ist derzeit
als Dach fur 8 Fakultaten bekannt. Das sind die:

- Fakultat fur Kunst und Design

- Philosophische Fakultat

- Fakultat fur Erziehungswissenschaften
- Fakultat fur Umwelt

- Fakultat fur Gesundheitsstudien

- Fakultat fur Maschinenbau

- Fakultat fur Naturwissenschaften

JAN EVANGELISTA PURKYNE UNIVERSITY IN USTI NAD LABEM
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- Fakultat fur Sozial- und
Wirtschaftswissenschaften

Univezita pfijala jméno vyznamného severoceského
rodaka z Libochovic (1787-1869) Jana Evangelisty
Purkyné, ktery je povazovan za jednoho ze
zakladatell véd, jako je biologie, embryologie,
histologie, moderni farmakologie, srovnavaci
anatomie a antropologie. Kromé toho se Purkyné
zaradil mezi nejvyznamnéjsi svétove fyziology.

Stejné jako byl Purkyné ve své dobé vSestrannou
osobnosti, nabizi i univerzita v dnesni dobé Sirokou
Skalu studijnich programd a obor0 (55 program( a
173 obord) pokryvajicich Siroké oblasti lidské
Cinnosti. Diky takto Siroké nabidce programi se
univerzita stala pfitazlivou pro mladou generaci.

Univerzita je Spickovym védeckym, pedagogickym,
kulturnim a vzd&lavacim centrem Usteckého kraje.

Univerzita vzdélava vice nez 10 000 studentl a
zaméstnava priblizné 900 pracovnikd.

Univerzita se hrdé hlasi k zasluhdm o mésto Usti nad
Labem a vyznamné pfispiva k rozvoji regionu.

Vznik univerzity UJEP se datuje do roku 1991 a v
soucasné dobé je znama jako zastfeSujici pojem pro
8 fakult. Jedna se o tyto fakulty:

- Fakulta uméni a designu

- Filozoficka fakulta

- Pedagogicka fakulta

- Fakulta zivotniho prostredi

- Fakulta zdravotnickych studii
- Fakulta strojniho inZzenyrstvi

- Prirodovédecka fakulta

- Fakulta socialné ekonomicka

Mehr Informationen / Vice informaci: https://www.ujep.cz/en/about-ujep


https://www.ujep.cz/en/about-ujep

2.1.1 Naturwissenschaftliche Fakultat / Pfiro-

dovédecka fakulta

Die Fakultat fir Naturwissenschaften an der UJEP ist
die zweitjingste Fakultat der Universitat. lhre Ge-
schichte geht auf das Fruhjahr 2005 zuruck, als das
Institut fur Naturwissenschaften an der UJEP gegriin-
det wurde. Am 4. November 2005 wurde das Institut
in eine Fakultat umgewandelt. Seitdem hat sich die
Fakultat fir Naturwissenschaften fest unter den an-
deren Fakultaten der Wissenschaften in der Tsche-
chischen Republik etabliert.

Die Aufgabe der Fakultat besteht darin, das Lernen
zu fordern und das Wissen im Bereich der Naturwis-
senschaften zu entwickeln. lhr Ziel ist es, die Wissen-
schafts- und Forschungsbasis der UJEP im Bereich
der Naturwissenschaften zu starken und eine bes-
sere Integration in den europdischen Forschungs-
raum und das internationale Kooperationsnetz zu
erreichen. Die nachste Aufgabe der naturwissen-
schaftlichen Fakultat besteht darin, eine Hochschul-
ausbildung auf allen drei Ebenen (Bachelor, Master,
PhD) sowohl in den Naturwissenschaften als auch in
verwandten technischen Bereichen anzubieten und
Lehrer fUr naturwissenschaftliche Facher fur die Se-
kundarstufe | und fur weiterfUhrende Schulen aus-
zubilden. Die Fakultat bereitet die Absolvent:iinnen
so vor, dass sie auf dem Arbeitsmarkt eine gute An-
stellung finden kénnen und gleichzeitig in der Lage
sind, sich in der wissenschaftlichen Forschung zu en-
gagieren

Im Bereich Wissenschaft und Forschung konzentriert
sich die Fakultat vor allem auf Computerphysik,
Computermethoden und -simulationen, die Proble-
matik der Methodik der molekularen Simulation und
deren Anwendung auf Probleme der Physik, Chemie
und des Chemieingenieurwesens, die Modellierung
von Energieprozessen in der Sonnenatmosphare mit
Ausrichtung auf die Eruptionsphysik, ferner auf die
Physik der Plasmen, die Plasmachemie, die Physik
dunner Schichten und Oberflachen, die Erforschung
elektrochemischer Biosensoren fur die Umweltana-
lyse, die Mikrobiologie und die Biologie von Pflanzen
und Tieren, die Anwendungsgeographie, die Um-
weltgeographie, die Landerdkologie, die Landersyn-
these, die Landerplanung und die instrumentellen
Methoden der analytischen Chemie.

JAN EVANGELISTA PURKYNE UNIVERSITY IN USTI NAD LABEM
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PFirodovédecka fakulta Univerzity Jana Evangelisty
Purkyn& v Usti nad Labem je druhou nejmladsi fakul-
tou univerzity. Jeji historie saha az do jara 2005, kdy
byl na UJEP zaloZen Pfirodovédecky Ustav. Dne 4.
listopadu 2005 byl Ustav transformovan na fakultu.
Od té doby se Prirodovédecka fakulta pevné zaradila
mezi ostatni pfirodovédecké fakulty v Ceské re-
publice.

Poslanim PFirodovédecké fakulty je podporovat
vzdélavani a rozvijet znalosti v oblasti pfirodnich véd.
Jejim cilem je posilit védecko-vyzkumnou zdkladnu U-
JEP v oblasti pfirodnich véd a ziskat vétsi integraci do
evropského vyzkumného prostoru a sité me-
zinarodni  spoluprace. DalSim Ukolem  Pfiro-
dovédecké fakulty je poskytovat vysokoSkolské
vzdélani na viech tfech stupnich (bakalarsky, magis-
tersky, doktorsky) jak v pFirodovédnych, tak v
blizkych technickych oborech, a také pro ucitele
prirodovédnych predmétl pro druhy stupen
zakladnich Skol a pro stfedni Skoly. Fakulta pfipra-
vuje absolventy tak, aby se mohli dobFe uplatnit na
trhu prace a zaroven byli schopni zapojit se do
védeckého vyzkumu.

V oblasti védy a vyzkumu se fakulta zaméfuje pfede-
vSim na pocitacovou fyziku, pocitatové metody a si-
mulace, problematiku metodiky molekularnich simu-
laci a jejich aplikace pro problémy fyziky, chemie a
chemického inZenyrstvi, modelovani energetickych
procesl ve slunec¢ni atmosfére s orientaci na fyziku
erupci, dale na fyziku plazmatu, plazmochemii, fyziku
tenkych vrstev a povrchd, vyzkum elektrochemickych
biosenzorl pro analyzu Zivotniho prostredi, mikrobi-
ologii a biologii rostlin a Zivocich(, aplikacni geografii,
environmentalni geografii, ekologii zemé, syntézu
zemgé, planovani zemé a instrumentalni metody v
analytické chemii.



Bereiche der Fakultat / Oblasti fakulty

- Fachbereich Biologie

- Fachbereich Physik

- Fachbereich Geographie

- Fachbereich Chemie

- Fachbereich Informatik

- Fachbereich Mathematik

- Zentrum flr Nanomaterialien und Biotechnolo-
gien

- Zentrum fur die Férderung des wissenschaftli-
chen Unterrichts

Im Rahmen der Fachbereiche bietet die Fakultat Gber
17 Studienrichtungen und -kombinationen an, so-
wohl als Vollzeit- als auch als Distanzsstudium.

Seit 2020 sind wir stolz auf das neue Gebaude, dass
das groRte Gebaude auf dem Campus ist. Es ist Sitz
der Fakultat fir Naturwissenschaften und der Fakul-
tat fur Umwelt und ist mit modernsten Laborgeraten
ausgestattet.

- Katedra biologie

- Katedra fyziky

- Katedra geografie

- Katedra chemie

- Katedra informatiky

- Katedra matematiky

- Centrum pro nanomaterialy a biotechnologie

- Centrum pro podporu pfirodovédného
vzdélavani

V ramci kateder nabizi fakulta vice nez 17 studijnich

oborl a kombinaci ve tfech stupnich, a to jak v

prezencni, tak v kombinované formé studia.

Od roku 2020 se muZeme pysnit novou budovou,
ktera je nejvétsi budovou kampusu. Sidli v ni Pfirod-
ovédecka fakulta a Fakulta Zivotniho prostfedi a je
vybavena nejmoderné&;jSimi pristroji.

\
\
| |
A
i

Pl il

Main facu/ty building - Centre for Natural Sctences and Techno/og/es

Contact:

RNDr. Regina Herma, Ph.D.

Vice-dean for External and International Relations
Room: CPTO 8.11

Phone: +420 475 286 663

E-mail: regina.herma@ujep.cz

Mehr Informationen / Vice informaci: https://prf.ujep.cz/en/

Ing. Petr Lauterbach

Faculty secretary

Room: CPTO 8.14

Phone: +420 475 286 665
E-mail: petr.lauterbach@ujep.cz


https://prf.ujep.cz/en/

2.1.1.1 Fachbereich fur Physik / Katedra fyziky

Die Aufgabe des Fachbereichs Physik besteht darin,
Studierende in Bachelor-, Master- und PhD-Studien-
gangen auszubilden und wissenschaftliche und For-
schungsaktivitdten und Zusammenarbeit mit Unter-
nehmen und Fachinstituten in der Tschechischen Re-
publik und auch im Ausland zu férdern.

Die Ausbildung des Fachbereichs konzentriert sich
auf die Vorbereitung kinftiger Expert:innen in den
Bereichen Computermodellierung und Nanotechno-
logien sowie auf die Vorbereitung kunftiger Physik-
lehrer:innen. Am Fachbereich kdnnen die Studieren-
den einen Bachelor-Ein-Fach-Studiengang belegen,
der auf Computermodellierung oder experimentelle
Methoden in der Physik spezialisiert ist. Die Compu-
termodellierung kann auch in dem kurzlich neu ge-
schaffenen Studiengang Computermodellierung in
Wissenschaft und Technik studiert werden. In einem
Zwei-Fach-Bachelor-Studiengang kénnen die Studie-
renden Physik in Kombination mit einem anderen
Fach studieren. Der Fachbereich bietet auch eine
Ausbildung im multidisziplindren Bachelor Ange-
wandte Nanotechnologie in Zusammenarbeit mit an-
deren Teilen der Fakultat an. Die Studierenden kon-
nen mit den M.Sc.-Programmen Applied Nanotech-
nology oder Computer Modelling in Science and
Technology fortfahren. Sie kénnen ihr Wissen und
ihre wissenschaftlichen Fahigkeiten in PhD-Studien-
gangen weiter ausbauen und vertiefen. Der Studien-
gang Didaktik der Physik fur die Sekundarstufe be-
reitet zukunftige Lehrer vor.

Die wissenschaftliche und kreative Tatigkeit des
Fachbereichs findet in mehreren Bereichen statt. Auf
dem Gebiet der Nanotechnologie konzentriert sich
die Forschung auf die Entwicklung neuer Materialien
und Nanomaterialien unter Anwendung von Plasma-
technologien. Im Bereich der Computermodellie-
rung werden Computermethoden und -simulationen
fur ein breites Spektrum von Problemen eingesetzt,
von der Entwicklung neuer Materialien, der chemi-
schen Technik, Prozessen in der Sonnenatmosphare
bis hin zur Vorhersage von Strukturen und Eigen-
schaften biomolekularer Systeme. Im Bereich des
Physikunterrichts konzentriert sich die Forschung
auf die Evaluierung des Physikunterrichts an Grund-
schulen, die Entwicklung von Ubungen und Tests so-
wie die Férderung des wissenschaftlichen Denkens
der Schilerinnen und Schuler.

DEPT. OF PHYSICS

Ukolem katedry fyziky je vychova a vzdélavani stu-
dentl v bakalarskych, magisterskych a doktorskych
studijnich  programech a podpora védecko-
vyzkumné cinnosti a spoluprace s firmami a od-
bornymi institucemi nejen v Ceské republice, ale i v
zahranici.

Vzdélavani na katedfe je zamé&Feno na pfipravu bu-
doucich odbornikd v oblasti pocitacového modelo-
vani, nanotechnologii a pripravu budoucich ucitelQ
fyziky. Na katedfe mohou studenti studovat ba-
kalafsky jednooborovy program specializovany na
pocitacové modelovani nebo experimentalni metody
ve fyzice. Pocitacové modelovani Ize studovat také v
nedavno  inovovaném  studijnim  programu
PocitaCové modelovani ve védé a technice. Ve
dvouoborovém bakalaFském programu mohou stu-
denti studovat fyziku v kombinaci s dalSim
predmétem. Katedra také zajistuje vyuku v multi-
disciplinarnim bakalarském programu Aplikované
nanotechnologie ve spolupraci s dalSimi soucastmi
fakulty. Studenti mohou pokracovat v magisterskych
programech Aplikované nanotechnologie nebo
Pocitacové modelovani ve védé a technice. Své zna-
losti a védecké schopnosti mohou dale rozSifovat a
prohlubovat v doktorskych studijnich programech.
Studijni program Ucitelstvi fyziky pro stfedni Skoly
pfipravuje budouci ucitele.

Védecka a tvlrdi ¢Cinnost katedry se realizuje v néko-
lika oblastech. V oblasti nanotechnologii se vyzkum
zaméruje na vyvoj novych material( a nanomateriald
s vyuzitim plazmovych technologii. V oblasti
pocitacového modelovani jsou pocitacové metody a
simulace vyuZzivany pro Sirokou skalu problém(, od
vyvoje novych materialQ, chemického inZenyrstvi,
procesl ve slunecni atmosfére aZ po predikci struk-
tur a vlastnosti biomolekularnich systém(. V oblasti
vyuky fyziky se vyzkum zaméfuje na hodnoceni vyuky
fyziky na zakladnich Skolach, tvorbu cvicenf a testl a
rozvoj védeckého mysleni zakd.



Die Mitarbeiter des Fachbereichs sind an einer Reihe
von nationalen und internationalen Teams und Pro-
jekten beteiligt. Studierende der M.Sc.- und PhD-Pro-
gramme werden ebenfalls erfolgreich in wissen-
schaftliche und Forschungsaktivitaten eingebunden,
sie kénnen in voll ausgestatteten Laboren unter der
Aufsicht erfahrener Mitarbeiter:innen des Fachbe-
reichs arbeiten. Der Fachbereich bietet eine breite
Palette von Studien- und Arbeitsaufenthalten an, die
es den Studierenden ermdglichen, Erfahrungen in
Unternehmen und Forschungsinstituten nicht nur an
Universitaten in Tschechien, sondern auch im Aus-
land zu sammeln.

Die Abteilung bietet ihre Forschungsdienste in fol-
genden Bereichen an:
- Nanotextilien fur antibakterielle Luftfilter

- Nanoportse Polymermembranen, die durch
Elektrospinnen hergestellt werden

- Computermodellierung und Hochleistungsrech-
nen

- Computerdesign von Nanomaterialien

- Komplexe Dienstleistungen in Plasmatechnolo-
gien

- Polymer-Nanofasermembranen fur spezifische
Funktionen

- Antimikrobielle Nanofasermembranen

- lonenstrahlcharakterisierung und Synthese von
Nano- und Mikrostrukturen, Zusammenarbeit
mit NPI CAS

Contact:

RNDr. Eva Hejnova, Ph.D.
Head of the Department
Room: CPTO 2.01

Phone: +420 475 28 6621

Pracovnici katedry jsou zapojeni do fady narodnich i
mezinarodnich tymd a projektd. Do védecko-
vyzkumné cinnosti se Uspé3né zapojuji i studenti ma-
gisterskych a doktorskych programda, ktefi mohou
pracovat v plné vybavenych laboratofich pod
vedenim zkuSenych pracovnikl katedry. Katedra
nabizi Sirokou $kalu studijnich a pracovnich pobytg,
které studentlm umoziuji ziskavat zkuSenosti ve
firmach a vyzkumnych dstavech nejen na univer-
zitdch v CR, ale i v zahranici.

Oddéleni nabizi své vyzkumné sluzby v nasleduijicich
oblastech:
- Nanotextilie pro antibakterialni filtraci vzduchu

- Nanoporézni polymerni membrany pfipravené
elektrospinningem

- Pocitacové modelovani a vysoce vykonna
vypocetni technika

- Pocitacovy navrh nanomaterial(

- Komplexni sluzby v plazmovych technologiich

- Polymerni nanovldkenné membrany pro
specifické funkce

- Antimikrobialni nanovlakenné membrany

- Charakterizace iontovym svazkem a syntéza

nano a mikrostruktur Spoluprace s NPI AV CR, v.
V..

Lydie Kovacova
Administrative Officer
Room: CPTO 2.04

Phone: +420 475 28 6622

Mehr Informationen / Vice informaci: https://www.physics.ujep.cz


https://www.physics.ujep.cz/

2.1.1.2

Die Aufgabe des Forschungszentrums CENAB
besteht in der Durchfihrung von Grundlagen- und
angewandter Forschung zur Herstellung und
Anwendung von Nanomaterialien synthetischen und
biologischen  Ursprungs in den Bereichen
Umweltschutz, Gesundheit und Medizin. Wir
Wechselwirkungen von
Nanomaterialien mit biologischen Modellen auf
verschiedenen Komplexitatsebenen und realisieren
die Entwicklung von mikrofluidischen Geraten fur
Anwendungen in der Biologie, Biotechnologie und
medizinischen

untersuchen die

Diagnostik. ~ Wir  sind ein
interdisziplindres Team, das Expert:iinnen aus den
Bereichen Physik, Chemie, Biologie und
Computermodellierung integriert und damit eine
gemeinsame interdisziplinare Forschungsplattform
der naturwissenschaftlichen Fakultat der UJEP bildet.
Wir sind Mitglied eines Konsortiums der
GroRRforschungsinfrastruktur ~ NanoEnviCz,  das
Nanotechnologie-Forschungsinstitute in der
Tschechischen Republik zusammenbringt, die sich
mit Nanotechnologien fur Umweltschutz und
nachhaltige Entwicklung befassen. Wir arbeiten mit
Forschungseinrichtungen in Tschechien und im
Ausland  sowie mit Industriepartner:innen
zusammen.

Die Forschung ist mit der Ausbildung durch das
Studienprogramm ,Angewandte Nanotechnologien”
auf allen drei Ebenen verbunden: Bachelor, Master
und Promotion sowie mit dem Studienprogramm
.Biologie".

Centre for Nanomaterials and Biotechnology (CENAB)

Poslanim vyzkumného centra je provadét zakladni a
aplikovany vyzkum v oblasti pfipravy a aplikace
nanomateriald syntetického a biologického plvodu v
ochrané Zivotniho prostfedi, zdravi a mediciné.
Studujeme interakce nanomaterial( s biologickymi
modely na rGznych Urovnich sloZitosti a realizujeme
vyvoj mikrofluidnich zafizeni pro aplikace v biologii,
biotechnologiich a Iékarské diagnostice. Jsme
interdisciplinarni tym, ktery integruje odborniky z
oblasti fyziky, chemie, biologie a pocitatového
modelovani, ¢imz

vytvafime spolecnou

mezioborovou vyzkumnou platformu
Pfirodovédecké fakulty UJEP. Jsme ¢leny konsorcia
Velké vyzkumné infrastruktury NanoEnviCz, které
sdruZuje nanotechnologické vyzkumné ustavy v CR
zamérené na nanotechnologie pro ochranu
Zivotniho prostfedi a udrZzitelny rozvoj. Spolupracu-
jeme s vyzkumnymi institucemi v CR i v zahraniéi a

pramyslovymi partnery.

Vyzkum je propojen se vzdélavanim prostrednictvim
studijniho programu ,Aplikované nanotechnologie”
ve vSech tfech stupnich: bakalafském, magisterském
a doktorském, a také se studijnim programem ,Biol-
ogie”.

Mehr Informationen / Vice informaci: https://cenab.ujep.cz/cs/

Contact:

Mgr. Jan Maly, Ph.D.
Head of CENAB

room: CPTO 4.01

Tel.: +420 475 286 781
E-mail: jan.maly@ujep.cz

prof. RNDr. Pavla Capkova, DrSc.
Deputy leader of CENAB

room: CPTO 2.07

Tel.: +420 475 286 625

E-mail: pavla.capkova@ujep.cz


https://cenab.ujep.cz/cs/

Aktuelle Forschungsthemen:

Herstellung und Charakterisierung neuer Mate-
rialien fUr das Tissue Engineering

Erforschung von Nanofasermembranen fur die
antimikrobielle Nanofiltration

Entwicklung von Nanokompositmembranen, die
gefahrlichen toxischen Schadstoffe abbauen

Entwicklung einer neuen Generation von organi-
schen/anorganischen Materialien fir die CO»-
Detektion, Abscheidung und Nutzung

Exosomen als natirliche Nanovesikel in der in-
terzellularen Kommunikation und Untersu-
chung ihrer Verwendung fiur die Verabreichung
von Arzneimitteln in Zellen

Biophysikalische Untersuchungen der Wechsel-
wirkung von Nanomaterialien mit biologischen
Modellen (Liposomen, Proteine, Nukleinsauren)

Untersuchung der Eigenschaften des Zytoskel-
etts

Entwicklung so genannter Organe auf einem
Chip zur Simulation von Gewebebarrieren und
3D-Zellkulturen

Entwicklung von mikrofluidischen Diagnosege-
raten / Biosensoren fUr den Nachweis von Tu-
mormarkern
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Aktudlni vyzkumna témata:

Pfiprava a charakterizace novych materiald pro
tkanové inzenyrstvi

Vyzkum nanovldkennych membran pro anti-
mikrobialni nanofiltraci

Vyvoj nanokompozitnich membran
degradujicich nebezpecné toxické polutanty

Vyvoj nové generace organickych/anorganickych
materiald pro detekci CO2, zachycovani a vyuZiti

Exosomy jako pFirozené nanovesikuly v
mezibuné¢né komunikaci a studium jejich
vyuZziti pro dorucovani léCiv do bunék
Biofyzikalni studie interakce nanomateriall s bi-
ologickymi modely (liposomy, proteiny, nukle-
oveé kyseliny)

Studium vlastnosti cytoskeletu

Vyvoj tzv. orgdnd na Cipu pro simulaci tkanovych
bariér a 3D bunécné kultury

Vyvoj mikrofluidnich diagnostickych zafizeni / bi-
osenzor( pro detekci nadorovych markert



2.2 Technische Universitat Dresden

Die Technische Universitat Dresden (TUD) ist eine
der grofiten technischen Universitaten in Deutsch-
land und eine der fihrenden und dynamischsten
Einrichtungen des Landes. Mit 17 Fakultaten in funf
Bereichen bietet sie eine breite Palette von 124 Stu-
diengdngen an und deckt ein breites Forschungs-
spektrum ab. Ihre Schwerpunkte Gesundheitswis-
senschaften, Biomedizin & Bioengineering, Informa-
tionstechnologie & Mikroelektronik, Intelligente Ma-
terialien & Strukturen, Energie, Mobilitat & Umwelt
sowie Kultur & Gesellschaftlicher Wandel gelten in
Deutschland und Europa als beispielhaft. Seit 2012
gehort die TUD zu den ,Universities of Excellence”.
Im Juli 2019 wurde die TU Dresden erneut mit dem
Titel ,Exzellenzuniversitat” ausgezeichnet und wird
damit ab dem 1. November 2019 im Rahmen der Ex-
zellenzstrategie des Bundes und der Lander gefor-
dert.

2.2.1
materialech

Das Institut fur Werkstoffwissenschaft besteht aus
neun Lehrstihlen, sechs davon entstanden als ge-
meinsame Berufungen mit aul3eruni-versitaren For-
schungseinrichtungen im Rahmen von DRESDEN-
concept. Das Institut bietet den Bachelorstudien-
gang und den Diplomstudiengang ,Werkstoffwissen-
schaft” an. Ein Masterstudiengang ist in Vorberei-
tung.

Weitere Informationen finden Sie unter: https://tu-
dresden.de/ifww

Institut fur Werkstoffwissenschaft /

TECHNISCHE
@ UNIVERSITAT

DRESDEN
Technicka univerzita v Drazdanech (TUD) je jednou z
nejvétsich technickych univerzit v Némecku a jednou
fakultami v péti odvétvich nabizi Sirokou Skalu 124
studijnich obord a spektrum
vyzkumu. Jeji zaméFeni zdravotnické védy, biome-

pokryva Siroké
dicina a bioinZenyrstvi, informacni technologie a mik-
roelektronika, inteligentni materidly a struktury,
Energie, mobilita a Zivotni prostfedi a kultura a
spolecenské zmény jsou v Némecku i v celé Evropé
povazovany za pFikladné. Od roku 2012 je TUD jed-
nou z ,univerzit excelence”. V ¢ervenci 2019 byla TU
Drazdany oznacen za ,univerzitu excelence”, a to ji
od 1. listopadu 2019 umoznuje podporu v ramci stra-
tegie excelence némecké spolkové vlady a vlad jed-
notlivych spolkovych zemi.

Ustav pro védu o

nstitut for WerkS;(AC?:lﬂwlssens:halt
Ustav materialovych vé&d se sklada z deviti kateder, z
nichz Sest bylo vytvoreno v ramci spolecnych jmeno-
vani s neuniverzitnimi vyzkumnymi institucemi v
ramci iniciativy ,DRESDEN-concept”. Ustav nabizi ba-
kal&fsky studijni program a diplomovy program ,Ma-
terialova véda“. Magistersky program je v pfipravé.

Vice informaci naleznete na: https://tu-dres-

den.de/ifww

2.2.1.1 Professur fur Biomaterialien / Profesura pro biomaterialy

Der Lehrstuhl fir Biomaterialien ist Teil des Instituts
far Werkstoffwissenschaft, das der Fakultat fir Ma-
schinenwesen der TU Dresden angegliedert ist. Die
Forschungsschwerpunkte der Professur sind Bioma-
terialsynthese fir die Geweberegeneration, biomi-
metische und bioresponsive Materialien im Kontakt
mit Zellen sowie deren materialwissenschaftliche
und biologische Analyse. Daruber hinaus werden
Oberflachenmodifikation und Korrosionsprozesse
untersucht. Daher ist der Lehrstuhl in verschiedenen
Bereichen tatig, die in den folgenden Forschungs-
gruppen vertreten sind.

1

Katedra biomateriald je soucasti Ustavu materialo-
vych véd pFi Fakulté strojnich véd a inzenyrstvi Tech-
nické univerzity v Drazdanech. Hlavnimi vyzkumnymi
tématy katedry jsou syntéza biomaterial( pro rege-
neraci tkani, biomimetické a bioreaktivni materialy
ve styku s bufikami a jejich materialové védecka a bi-
ologicka analyza. Dale je zkoumana modifikace povr-
chu a korozni procesy. Katedra proto pUsobi v
rdznych oblastech,
nasledujicich vyzkumnych skupinach.

které jsou zastoupeny v


https://tu-dresden.de/ifww
https://tu-dresden.de/ifww

Head of chair: Prof. Dr. Hans-Peter Wiesmann

E-mail:
Marita.Keil@tu-dresden.de
https://tu-dresden.de/ifww

Secretariat:
Website:

Bioresponsive material systems and bioinspired composites

Die Forschungsgruppe befasst sich mit der biomime-
tischen Mineralbildung zur Synthese von Verbund-
werkstoffen fur den Knochenersatz. Ein besonderer
Schwerpunkt liegt auf dem Abbau von Biomateria-
lien, wobei die Freisetzung biologisch aktiver Kompo-
nenten zur Stimulierung der Knochenregeneration
genutzt wird. Der Schwerpunkt liegt auf der Interak-
tion von knochenbildenden und knochenabbauen-
den Zellen und wie diese durch Biomaterialien be-
einflusst wird. Kompakte Materialien und porése Ge-
riste werden in verschiedenen Projekten hinsicht-
lich ihrer mechanischen und biologischen Eigen-
schaften sowie in speziellen Kammern unter FlUssig-
keitsdurchflussbedingungen untersucht.

Hans-Peter.Wiesmann@tu-dresden.de

MAX BERGMANN

center of biomaterials dresden

Vyzkumna skupina se

zabyva biomimetickou

tvorbou minerald pro

syntézu kompozitﬁ Pro  osteoblasts on rganicallymodi—
kostni nahrady. Zvlastni fied Calcium/ Strontium Phos-
pozornost je vénovana phate
degradaci biomateriall s vyuzitim uvolfiovani biolo-
gicky aktivnich sloZzek ke stimulaci regenerace kosti.
DUraz je kladen na interakci bunék budujicich a od-
bouravajicich kost a na to, jak je tato interakce
ovlivhovana biomateridly. Kompaktni materialy a
porézni scaffoldy jsou studovany v rGznych pro-
jektech s ohledem na jejich mechanické a biologické
vlastnosti, jakoz i ve specialnich komorach za po-
dminek proudéni tekutin.

Contact: Head of Group, Dr. Benjamin Kruppke, Benjamin.Kruppke@tu-dresden.de

Corrosion and Surfaces

Die Gruppe befasst sich mit der Funktionalisierung
technischer Oberflachen und konzentriert sich ins-
besondere auf umfangreiche Untersuchungen von
oberflachlichen Eisanhaftungen sowie die Wechsel-
wirkung von ferroelektrischen Schichten mit flussi-
gen Elektrolyten. Die Herstellung von Nanostruktu-
ren durch solvothermische Verfahren sowie die phy-
sikalische Charakterisierung der resultierenden Ei-
genschaften durch verschiedene Methoden gehoren
daher zum Aufgabenbereich der Gruppe. Dariber
hinaus betreibt die Gruppe ein Labor fir Elektroche-
mie und bearbeitet Auftrage zur Korrosionsscha-
densfallanalyse.

Skupina se zabyva
funkcionalizaci  tech-
nickych  povrchl a
zaméfuje se zejména
na rozsahlé studie
povrchovych vrstev

Piezoelectric barium titanate
on titanium plates

pfilnavych k ledu. V
dobé
zkouma interakci fero-

soucasné tym
elektrickych povlak( s tekutymi elektrolyty. Proto je
v pUsobnosti tymu vytvareni nanostruktur solvo-
i fyzikalni charakterizace
vyslednych vlastnosti rlznymi metodami. Kromé
toho skupina provozuje laboratof elektrochemie a

termalnimi metodami

zabyva se pfipady korozniho poSkozeni.

Contact: Head of Group, Dr. Ute Bergmann, Ute.Bergmann@tu-dresden.de
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Functional Biomaterials

Die Forschungsgruppe arbeitet an der Entwicklung
von 2D- und 3D-klnstlichen extrazelluldren Matrizen
(aECM) auf der Grundlage naturlicher Biopolymere
wie Kollagen und Glykosaminoglykanen, einschliel3-
lich ihrer Bindung und Freisetzung von biologischen
Mediatorproteinen. Das Hauptaugenmerk liegt auf
dem Design definierter, multiparametrischer zellula-
rer Mikroumgebungen zur Abstimmung zellularer
Reaktionen, die die Geweberegeneration in Haut
und Knochen fordern, sowie auf der Aufklarung der
zugrundeliegenden Mechanismen.
(Bio-)Materialien werden im Hinblick auf ihre mecha-

molekularen

nischen, biochemischen und biophysikalischen Ei-
genschaften sowie die Reaktion von Haut- und Kno-
chenzellen analysiert.

Vyzkumnd skupina se
zabyva inZenyrstvim 2D
a 3D
extraceluldrnich  matric
(aECM) na
prirodnich biopolymerd,

umélych

Human mesenchymal stem
cells on aECM-coated scaf-
folds (REM)

bazi

jako jsou kolagen a gly-

kosaminoglykany, vcetné jejich vazby a uvolfiovani
biologickych mediatorovych proteind. Hlavni dlraz
je kladen na navrh definovanych, multiparame-
trickych bunéénych mikroprostfedi pro vyladéni
bunécnych reakci podporujicich regeneraci tkani v
kGzi a kostech a na objasnéni zakladnich mole-
kuldrnich mechanismd. (Bio)materidly jsou ana-
lyzovany s ohledem na jejich mechanické, biochemi-
cké a biofyzikalni vlastnosti, jakoZ i na reakce bunék
souvisejicich s kdzi a kostmi.

Contact: Head of Group, PD Dr. Vera Hintze, Vera.Hintze@tu-dresden.de
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2.3 TRANS3Net

Das Netzwerk von Transferakteuren (TRANS3Net)
fordert die grenziberschreitende Zusammenarbeit
zwischen Wissenschaft und Wirtschaft in der Region
Deutschland-Tschechien-Polen. Ziel sind Aufbau
und Pflege eines nachhaltigen Innovationssystems
durch  stabile  Netzwerke und  effektiven
Technologietransfer.

Konkret unterstitzt TRANS3Net:

- den Wissenstransfer aus der Forschung in die
Praxis,

- die Anbahnung von Kooperationen zwischen
Unternehmen und Hochschulen,

- sowie die Verbreitung transferrelevanter
Informationen Uber die Plattform trans3net.eu.

Initiator ist das CIMTT Zentrum flr Produktions-
technik und Organisation an der TU Dresden, das
seit 1990 Transferprozesse  wissenschaftlich
begleitet und praktisch umsetzt. Mit seinen
Erfahrungen und Kontakten im Transferbereich
sowie Forschungsschwerpunkten im Innovations-
management, der Produktionsorganisation und
Digitalisierung tragt das CIMTT wesentlich zur
Umsetzung der TRANS3Net-Ziele bei.

Durch Information und Vernetzung starkt
TRANS3Net die Innovationskraft im Dreilandereck -
praxisnah, international und anwendungsorientiert.

c
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for transnational
transfer process

e€ N7 SUPPORT of

¥ S T network members
&_ (transnational transfer
activities)

, TRANS*Net : \‘
Transnational Technology Transfer Network
(TRANS2Net) podporuje preshranicni spolupraci
mezi védou a podniky v regionu Némecko-Cesko-
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vyrobni techniku a organizaci pfi Technické univer-
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védeckému doprovodu a realizaci transferovych pro-
cesll. Se svym zaméfenim na inova¢ni management,
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3 Topics of the presentations

3.1 Manufacturing processes

3.1.1 Minimum water for maximum strength in semi-dry paper production

Maximilian Loist

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Natural Materials Technology, Chair of Wood and
Fibre Material Technology

In conventional papermaking, drying still accounts for the largest share of energy consumption, so research and
implementation of disruptive processes in this area can be of considerable relevance. For this reason, the Paper
Technology Group at the TU Dresden is currently researching semi-dry paper production in cooperation with the
TU Darmstadt, PTS Heidenau, RWTH Aachen and FH Aachen within the framework of the "Modellfabrik Papier"
research cluster. In this context, webs are formed from dry fibers using airlaid technology and then conditioned to
different moisture contents (MC). These conditioned webs are consolidated in a press at elevated temperatures
and varying press pressures. The prospect of upscaling this process from laboratory to industrial scale offers sig-
nificant potential for water savings and thus energy savings in drying. The starting material for this process is dry
fibers obtained by dry pulping in a turbulent air flow mill, a technology that has been intensively researched by the
Paper Technology Group for some time. The Tensile Index (Tl) of semi-dry produced papers shows a local maxi-
mum at an initial web MC of 40%, as observed in previous preliminary tests. This MC value has already been doc-
umented in the literature, but it remains unclear which factors contribute to this maximum. Water plays several
roles in the papermaking process, particularly in strength development. Swelling in water makes the fibers flexible,
allowing them to lie closer together during sheet formation, thus providing a larger surface area for bonding. Hy-
drogen bonds can then form between the fiber surfaces, which requires an aqueous environment. During drying,
the relative bonded area is further increased by the surface tension of the evaporating water, which pulls the fibers
closer together through Laplace pressure, increasing the apparent sheet density of the paper, the so-called Camp-
bell effect. This increases the molecular contact area. The cellulose molecules on each fiber surface come even
closer together, allowing van der Waals forces to form between them. However, the question remains as to how
much water is actually required to achieve optimal strength formation of the paper. The aim of our research is to
identify the specific properties of dry fibers that are responsible for the maximum Tl at a certain MC. Different
types of fibers are investigated. The morphology of these dry fibers is influenced by the treatment of dry pulping.
Laboratory sheets are made from different fibers, before and after dry pulping. The mechanical properties of these
sheets are compared. Then semi-dry made papers are formed from dry fibers and their mechanical properties are
tested and compared with the laboratory sheets. The results of our research should provide information on the
minimum amount of water to be used in semi-dry papermaking and how the fiber properties should be adjusted
to achieve optimum paper strength.Formation of a microenvironment for directed differentiation of stem cells in
a perfusion bioreactor
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3.1.2 Horizontal Continuous Casting: optimization of process parameters for a
better billet centre quality of high alloyed stainless steels at BGH Freital steel
mill - Diploma Thesis

Jonas Uhlig

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Materials Science, student

This project investigates the optimization of key parameters in the horizontal continuous casting of stainless steels,
with a primary focus on adjusting the frequency and current of the electromagnetic stirrer. Other parameters
under consideration include casting temperature, casting speed, cooling rates, and the use of mechanical soft
reduction. Enhancing the billet centre quality is crucial for minimizing the production of substandard semi-finished
products and boosting overall efficiency. These semi-finished products are later processed into custom steel com-
ponents such as rods and wires. To meet the diverse quality demands of different industries (e.g., transportation,
turbine steels, medical equipment), modern reshaping techniques, like four-axis forging, are applied. Standard
methods, such as metallographic analysis and chemical testing, are used to evaluate the effectiveness of these
optimizations.

3.1.3 Mixing polydisperse granular materials with a focus on segregation
FrantiSek Vondracek

Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Department of physics

Segregation during the mixing of granular materials is a significant problem in many industries, as it leads to inho-
mogeneous mixtures, which can adversely affect the quality of the final product. Our study focuses on the mixing
of polydisperse granular materials and investigates the conditions under which segregation occurs, i.e., the sepa-
ration of particles due to differences in their size. For the experiments, we use a vertical cylindrical mixer with two
opposing flat blades and an FT4 rheometer to obtain a comprehensive view of the behavior of mixtures in different
mixing regimes. We also use Discrete Element Method (DEM) simulations, which allow us to observe particle dy-
namics and segregation in detail. We evaluate the key factors influencing segregation and propose methods to
mitigate its effects. The results provide valuable insights into efficient mixing and the optimization of industrial
processes to achieve more homogeneous mixtures.

3.1.4 Surface Modification of Aluminium Samples Mimicking Scallop Shell Struc-
tures and Their Hydrophobic Properties

Chenglin Li

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Materials Science, Chair of Biomaterials

In this study, we initially measured the surface characteristics of untreated aluminum samples, including surface
energy, ice adhesion, static and dynamic contact angle. These preliminary results provided a baseline for compar-
isons. Following this, we used laser processing technology to replicate the ridged structures of scallop shells on
the aluminum surface and subsequently performed the same tests on the laser-treated aluminum samples. Re-
sults showed that, the static contact angle of aluminum samples after laser treatment significantly increased, indi-
cating greatly enhanced hydrophobicity. Additionally, the slight increase in dynamic contact angle hysteresis with
the increase of the cycle number suggested that water droplets move more easily on the surface. We also per-
formed detailed observations using scanning electron microscopy (SEM). Our results revealed that the laser-
treated aluminum surfaces possess regular ridged structures, nearly resembling the surfaces of scallop shells.
Additionally, the number and size of the cavities within these ridges are closely related to the ice adhesion force.
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3.1.5 Heat exchange investigations for improved utility of working fluid mixtures
in waste heat recovery applications

Erik Mickoleit

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Power Engineering, Chair of Thermodynamics

Climate change necessitates strategies to mitigate the carbon footprint of industries. One approach is waste heat
recovery to lower the energy required for heat-intensive processes. Heat pumps can harness waste heat by reduc-
ing exhaust flow temperatures. This temperature glide can be efficiently matched with working fluid mixtures dur-
ing phase change, minimizing exergetic losses. However, working fluid mixtures can diminish heat exchange, ne-
cessitating larger surfaces due to an insulating film formed by components with higher boiling point temperatures.
Surface roughness influences film condensation, with various methods like mechanical abrasion or lubricant infu-
sion affecting outcomes. Despite numerous techniques, systematic analyses on optimal improvements in heat
exchange for different pure fluids and mixtures across heat exchanger designs remain lacking. Exploring the rela-
tionship between surface modifications and heat exchanger performance is crucial for developing efficient and
sustainable industrial processes.

3.1.6 Calorimetric measurement of the heat capacities of salt hydrates for use as
phase change materials

Sebastian Pinnau

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Power Engineering, Chair of Thermodynamics

Thermal energy storages are important for the system integration of renewable energies. Latent heat storages
provide high storage densities by using solid-liquid phase changes. As the availability of pure materials with suita-
ble melting temperatures is limited, eutectic mixtures are of particular interest as phase change materials. For
theoretical prediction of eutectic compositions, thermophysical properties of the components need to be known.
There are large data gaps in literature, especially for heat capacities of salt hydrates. In this work, the melting
temperature, enthalpy of fusion and heat capacities in solid and liquid state were experimentally investigated for
various hydrates of metal salts using a Calvet calorimeter. Thermogravimetric analysis was used to determine the
water content and decomposition temperatures. The applicability of Kopp-Neumann law is also examined for the
measured hydrates, as literature data is available for anhydrous salts.
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3.2 Method- and Material Development

3.2.1 Multi-energy CT investigation of historic mortars

Mirko Heckert-Schuleri, Stefan Enghardt

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Materials Science

Multi-energy computed tomography (ME-CT) combines multiple X-ray CT measurements of various tube voltages.
This can significantly enhance the material contrast compared to conventional CT. One important application is
the investigation of cultural heritage artifacts where the destruction of samples is inacceptable. In this field, the
ME-CT method can yield information that were previously only attainable by destructive methods. For historic
mortars, conventional CT often shows no useful contrast between binder and aggregates. ME-CT can generate
pseudo colored 3D-data that allows for the separation of the different components. Virtual cross sections can be
generated that are in many aspects comparable to classical thin section micrographs. Our current research is fo-
cused on the extraction of quantitative information, concerning the grain types, sizes and quantities.

3.2.2 The potential of dendrochemistry and dendroecology in pollution research

Jakub Neumann
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Department of physics

Nuclear forensic analyses are an important part of the toolset of Nuclear Safeguards. Their aim is to identify nu-
clear material in terms of its origin and history. To do that it focuses on determining its characteristic signatures,
be it activity, size, shape, colour, texture, or composition (chemical, isotopic), etc. The higher the number of signa-
tures that can be determined, the more precise and reliable the identification. One signature that is of interest is
the age of the material (time elapsed since the last purification). For bulk materials it can be determined by the
means of secondary ion mass spectrometry (SIMS), for example by uranium-thorium age-dating (radiochronome-
try). However, this approach proves to be difficult for a material in the form of microparticles, as the signal of
thorium isotope within a single microparticle might not reach the detection threshold, simply due to the small
amount of material analysed. On the other hand, microparticles are the typical form of nuclear material gathered
during Nuclear Safeguards inspections and - compared to bulk - contain undistorted information about composi-
tion of the material they originated from. To compensate for the low signal of a single particle, more particles of
the same origin can be brought together and analysed during a single ion beam measurement session, effectively
multiplying the signal by the number of particles aggregated. For this reason, our work focuses on the develop-
ment and application of micromanipulation method of particles ranging in size from several micrometres down to
a single micron or smaller. The method is based on previous approaches of electrostatic manipulation of micro-
particles of larger sizes, but it has been modified for an upright optical microscope and simplified with the use of
DC voltage. Is works by applying a small voltage between a flat sample and a manipulator needle. The resulting
charge accumulated on the particle together with the electric field allow the particle to jump from the sample onto
the needle and vice versa. In its current iteration the method is relatively reliable, although it does depend on
several condition like particle size, shape, orientation, and electrical conductivity, needle tip shape, distance of the
needle from the particle (sample), and relative humidity - not all of which can be easily controlled. Despite that the
method has been used to successfully aggregate 2-7 um uranium oxide particles into arrays of 9-10 particles
spaced about 10 um apart. The aggregations were done with a relatively small amount of transfer time (less than
10 minutes per particle) and decent transfer success rate (worst case scenario still above 50%). Further optimiza-
tion of the method is still needed, however it already shows promise in its application in nuclear material micro-
particle age-dating and potentially other applications as well.

18



3.2.3 Development, verification and parameterization of a 3D swelling model for
plant leaves

Oleg Barteld

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Natural Materials Technology, Scientists pro-
cessing machines and processing technology

The presence of leafy vegetables in both the food industry and households is a common occurrence, given their
role in human nutrition. The inevitable residue that results from their presence can cause persistent and tenacious
soiling. Therefore, the cleaning of soiled leaf particles remains a challenge, as the swelling behaviour and cleaning
properties of plant-based and complex particulate soils such as leaves have yet to be sufficiently analysed. This is,
however, a necessary preliminary step for the development of energy- and time-optimised cleaning regimes and
procedures, since such regimes are often oversized for cleaning time and operating parameters in order to ensure
sufficient cleaning. It is therefore essential to gain an understanding of the nature of the soil and its interaction
with the cleaning processes, specifically the cleaning-relevant properties, in order to optimise such processes. It is
widely accepted that the swelling behaviour of a soil has a decisive influence on the binding forces between the
soiling and the substrate. Given the lack of a timely and spatially resolved means of measuring the liquid content
of the soil, the swelling behaviour is examined on the basis of the expansion caused by the absorption of liquid.
The objective of this study was to develop and parameterise a three-dimensional model for the swelling behaviour
of plant leaf tissue. Previous studies on plant and vegetable tissues have primarily focused on drying, modelling 2-
dimensional cases, or solely relying on empirical observations. Frozen and finely chopped leaf samples were ap-
plied to a substrate and then dried. Imaging and MATLAB analysis were employed for the categorisation of particle
types and the analysis of their geometric dimensions. A particle size distribution was subsequently created based
on the data obtained. The height increase of particles in pure water was measured at a temperature of 25°Cin a
flow-calmed environment. The course of the height increase was analysed and a maximum water uptake capacity
was derived. Fick's second law was employed within a finite element model to simulate the diffusion and absorp-
tion processes occurring in the leaf particles. The model simplified the geometry of the particles to a cuboid and
considered the plant tissue as a homogeneous and isotropic medium. The substrate and the cleaning fluid sur-
rounding the particle are defined as boundary conditions. The cleaning liquid is defined as an infinite water source,
with the maximum water content defined as the value of the nodes on the side and top of the particle (Dirichlet
boundary condition). The substrate is implemented via a Neumann boundary condition, whereby the mass trans-
fer on the underside of the particle is defined as zero. The resulting system of equations was solved using the
MATLAB solver ode45. The height gain is calculated in a post-processing step, thus enabling the model to be par-
ametrised using the data from the swelling experiments. The functionality of the swelling model was validated
through verification with a known analytical solution for a diffusion problem involving a sphere. Subsequently, the
model was parameterised for the measured height gain of the leaf particles using a selection of approaches for
the effective diffusion coefficient. Subsequently, the approaches and subsequent fits were compared to the exper-
imental data, and a favoured approach was selected for the purpose of deriving a reduced empirical model for the
water content at the contact surface of the leaf particle and the substrate.
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3.2.4 A Molecular Dynamic Study on Thermal and Mechanical Properties of Elas-
tomers

Tannaz Alamfard’, Cornelia Breitkopf?
2 TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Power Engineering, Chair of Thermodynamics

Cis-polyisoprene (CPI), which is usually referred to as natural rubber (NR), is a widely recognized elastomer due to
its broad range of applications in the industrial and automotive industries. The amorphous substance CPI has been
shown to crystallize during both the stretching and cooling procedures. Natural rubber is a well-known biopolymer
that has been around for about eight centuries. Polyisoprene rubber (IR) can be produced in various structures,
which include cis-1,4-, trans-1,4-, trans-1,2-, and trans-3,4-, as well as controlled stereoregularities of isotactic, syn-
diotactic, and atactic. The most produced and developed type of IR is cis-1,4-polyisoprene (>98%), due to its elas-
tomeric properties such as high resilience and abrasion resistance, which may be applied to a wide range of appli-
cations. It is well known that many properties of IR and NR are almost identical, with the exception of a little differ-
ence in stereoregularity. Whereas almost 100% of NR is made consisting of cis-1,4-PI, IR typically is made up 95-
98% of it. The distinction between NR and IR, particularly the mechanical properties, originally was believed to be
the result of this comparatively "small" variation in stereoregularity [1].

Since the last several decades, polymers have been used extensively in the industrial, medicinal, electronics, and
energy sectors. Nonetheless, the intrinsic low thermally conductive coefficient and inadequate thermal stability of
polymeric matrix constrained its wider application in industries where high heat dissipation and low thermal ex-
pansion are essential [2]. Thermal conductivities and glass transition temperatures of polybutadiene crosslinked
with dispersed sulfur chains having different lengths from mono-sulfur (S1) to octa-sulfur (S8) were studied [3]. In
this work, thermal conductivity of polymeric structures as a function of the heat flux autocorrelation function,
applying an equilibrium molecular dynamic (EMD) simulation and the Green-Kubo method throughout a broad
temperature range will be investigated. Moreover, the glass transition temperature (Tg) by obtaining density of the
material in a broard range of temperature is investigated.

Studies concerning the mechanical properties of polymer materials have attracted a lot of attention in the last few
years. Understanding the mechanical characteristics in relation to molecular interactions is crucial since polymeric
materials have a more complicated molecular structure than other materials. The mechanical characteristics of
polymeric materials are influenced by a variety of parameters, including temperature, length of time the polymer
is subjected to a load, degree of crystallinity, and molecular weight (MW). The temperature and

strain rate dependency can be interconnected to the viscoelastic nature of polymer compounds having features
of both a viscous liquid as well as an elastic solid [4].

As mentioned, one significant factor that has an insignificant impact on the elasticity modulus is temperature. In
the context of high-density polyethylene that has been toughened using elastomers, the relationship between
temperature and Young's modulus was examined. By doing Dynamic Mechanical Analysis (DMA) and measuring
the modulus of the matrix polymer and elastomers at various temperatures, the study provides insights into how
the modulus of the materials varies with temperature [5].

Additionally, studies on the mechanical properties of crosslinked polymers, such isoprene rubber (IR) and natural
rubber (NR), have demonstrated that strain rate variations significantly affect the Young's modulus [6].

The current work is to investigate how temperature of the polymeric structure, and force fields affect the mechan-
ical properties including strength and elasticity modulus of polymeric structure by applying a uniaxial tensile de-
formation using LAMMPS. The deformation simulation is carried out by molecular dynamic simulation, which re-
lates microstructure to macroscopic characteristics. Using completely atomistic computer simulations, we examine
the thermal conductivity of the material at different temperatures. This would enable us to understand the struc-
ture and property connections of this system at the atomic level. Next, we will study the effects of density on the
glass transition at constant pressure, temperature, and number of particles (NPT).
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mands of modern technology and the development of electronic devices, there is an increased demand
for new materials that can replace traditional conductive materials such as metals. Metallic conductors,
although reliable and proven, often face limitations in terms

3.2.5 lon implantation of graphene oxide and polyimide by low and medium en-
ergy gold ions

Josef Novak
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Department of physics

Increasing demands of modern technology and the development of electronic devices, there is an increased de-
mand for new materials that can replace traditional conductive materials such as metals. Metallic conductors,
although reliable and proven, often face limitations in terms of mechanical flexibility, environmental impact and
manufacturing costs. Finding alternative materials that can meet these requirements is becoming a priority in
many areas, including electronics and sensor applications. In this context, polymers such as polyimide (PI) and
graphene-based carbon materials, in particular graphene oxide (GO), are coming to the front due to their promis-
ing physical and chemical properties. Polymers and graphene derivatives provide a unique combination of light-
ness, flexibility and environmental sustainability, making them attractive candidates for the development of new
conductive and functional materials. Their properties can be further enhanced by methods such as ion implanta-
tion. Particular attention is paid to gold ions, which can significantly affect their physical properties when implanted
into polymers or graph oxide. lon implantation of Au+, allows controlled modification of materials at the micro-
scopic level, resulting in changes in electronic structure, increasing charge carrier density and the formation of
electrically conductive pathways. This process fundamentally modifies the physical properties of materials but also
represents a greener and more efficient alternative to traditional methods of material modification. In our exper-
iment, we focused on the modification of organic non-conducting materials, namely graphene oxide (GO) and pol-
yimide (PI), by implantation of gold ions (Au+). Low-energy ion implants (20 keV) and medium-energy ion implants
(1.5 MeV) were performed. The ion implantation was performed with three different ion fluences. The lowest ion
fluence was 3.75%10'2 cm2, which leads to the formation of carbon clusters [5]. At intermediate fluence (3.75x10%
cm ~2), there is an increase in carbon clusters that begin to join to form a network of conjugated carbon structures.
At the highest ion (3.75%10% cm -2) fluence we expect nanoparticle formation to occur.
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3.2.6 Preparation and analysis of MXenes
Marek Bélousek
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Department of physics

The presentation will mainly focus on two-dimensional nanomaterials called MXenes and possibilities of their prep-
aration by bottom-up technique called magnetron sputtering. Letter ,,M" in word ,,MXene" symbolizes transition
metal elements (scandium, titanium, zirconium...), letter , X" symbolizes carbon and nitrogen. 2-D materials gained
increased attention in material sciences for their unique properties, arising from the reduction of dimensionality
to nanoscale. The most common (and the most explored) method of preparation of MXenes is top-down technique
called etching. Bottom-up approach of synthesis of MXenes is still not well explored. However, this approach can
lead us to different structures of prepared MXenes, and, as we know from solid-state physics, different structures
lead to different properties. This approach of synthesis can expand our knowledge about these materials and
broaden the possibilities of implementing the preparation of MXenes in industry.
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3.3 Topic: Environmental Technology

3.3.1 Electrospun Nanofibrous Textiles for Carbon Dioxide Capture
Michal Syrovy
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Centre for Nanomaterials and Biotechnology

Nanofibrous materials prepared by electrospinning provide a wide range of applications from biomedical applica-
tions to filtration and separation media to catalytic membranes. A key problem in the preparation of nanofiber
materials for specific functions is the chemical modification of nanofibers' surfaces. In this work, we will focus on
electrospun polymer (cellulose acetate and polyacrylonitrile) nanofibrous membranes modified with different
types of amines and zeolites for CO2 capture. Electrospinning technology can be used in different variations and
in this case we will deal with two main technologies for the preparation of 2D nanofibrous membranes: needle
spinning and wire spinning. It turns out that the arrangement of the spinning device has a significant effect on the
structure, properties and functionality of the membranes. We will also discuss two approaches to the chemical
modification of nanofibrous surfaces: (1) one-step technology, i.e. adding a modifying substance directly into the
polymer solution and (2) postspinning modification - subsequent deposition of the modifying substance on the
nanofibrous membrane, possibly with a previous plasma or with UV activation of the polymer surface. The effect
of all these technological variations will be demonstrated on sorption capacity of prepared materials.

3.3.2 Hydrogen Evolution on 2D MoS, Prepared by Liquid-Phase Exfoliation: Ef-
fects of pH Variations

Jaroslava Jarolimkova
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Centre for Nanomaterials and Biotechnology

In this study, exfoliated MoS2 structures were successfully prepared from bulk powder by liquid-phase exfoliation
(LPE), leading to a significant improvement in the electrochemical properties of the material, especially for the
hydrogen evolution reaction (HER). Two solvent systems, acetone/water and butanol/ethanol, were compared to
assess their effect on exfoliation efficiency and catalytic performance. The acetone/water system produced more
uniform and well-exfoliated MoS2 flakes, resulting in increased catalytic activity, especially in acidic media. While
the butanol/ethanol system was less efficient overall, it produced MoS2 with a slight improvement over the bulk
material. This study highlights the potential of MoS2 as a catalyst for hydrogen production, especially under acidic
conditions, and suggests that further optimization of solvent ratios and exfoliation parameters could increase the
catalytic efficiency of 2D MoS2 for energy-related applications.

3.3.3 Polymer Membranes for Various Applications
Katefina Hamalova
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Centre for Nanomaterials and Biotechnology

Due to their versatility and adaptation, polymer membranes are attractive for many applications. The presentation
shows the application of SBS, SIS, PEBAX, and PVC in CO, capture, antibacterial films, and microbial fuel cells. Mod-
ifying PEBAX membranes in CO2 capture can enhance gas permeability and selectivity, potentially facilitating gas
separation. Antimicrobial compounds like chlorhexidine in SBS and SIS matrices improve antibacterial films' mi-
crobial growth inhibition, making them acceptable for healthcare applications. Adding deep eutectic solvents (DES)
to PVC membranes makes them better at conducting ions and keeping chemicals stable in MFCs. They also sepa-
rate the anode and cathode chambers. Synergistic DES usage in PVC membranes improves proton exchange and
microbial activity, increasing bioelectricity. These examples demonstrate the use of SBS, SIS, and PVC in the crea-
tion of environmental and bioengineered polymer membranes.
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3.3.4 Development and characterization of gelatin/silica-nanofiber-based compo-
sites

Jiaming Li

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Materials Science, Chair of Biomaterials

Delayed or non-healing of bone defects and fractures in an aging population is a serious burden for patients and
for the health care system. Current bone replacement materials, such as autografts, are limited by restricted avail-
ability and donor sited morbidity. Artificial bone grafts substitutes from hydrogels and electrospun nanofibers
(NFs) are alternatives, providing bone cells with a hydrophilic environment and with mechanical and nanotopo-
graphical cues. Still, research on electrospun NF/hydrogel composites is at a preliminary stage. The objective of
this project is to establish and characterize novel composite materials based on photo-crosslinking methacrylated
gelatin with different concentrations of segmented electrospun silica NFs. Their physico-chemical characterization
will be presented including swelling, elasticity, surface morphology and spatial distribution of NFs. The ultimate
goal are cell-instructive composites as potent functional bone substitute materials.

3.3.5 Nanodiamond functionalized implant surfaces for the formation of a vital
oral soft tissue composite

Kedar Mehta

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Materials Science, Chair of Biomaterials

Biofilms form on all surfaces exposed to the oral cavity. They can eventually lead to peri-implant diseases, if left
undisturbed. It is possible to develop wide range of different surface properties by partially integrating specifically
functionalized nanodiamonds (NDs) of variable size into titanium oxide layers. This allows us to systematically
investigate the influence of the parameters namely topography, surface energy, and surface chemistry on the
interaction with oral cells and the formation of biofilm. Commercially available nanodiamonds were functionalized
with hydroxyl (-OH) groups, carboxy (-COOH) groups or 3-aminopropyltriethoxysilane (APTES). By sequential cen-
trifugation of these differently functionalized NDs, ND fractions of various sizes were obtained for each type.
Nanodiamond fractions in the size range of approximately 200 nm (big clusters), 100 nm and 50 nm (small clusters)
has been used to achieve different surface roughness. Quantitative and qualitative (immunostaining) adhesion of
human gingival fibroblasts was studied under static and dynamic conditions. ND particles carrying positive net
charge were obtained for APTES and hydroxyl (-OH) modification, while raw NDs and carboxy (-COOH) functional-
ized NDs were negatively charged. Stable fixation of the NDs was achieved by electrochemical anodization at 10
VSCE up to 90 VSCE. All ND coated surfaces resulted in a decrease of water contact angles to ~35-50° compared to
that of titanium references showing ~50-60°. Roughness (Mean roughness, Ra) could be adjusted within range of
25-80 nm. All surfaces displayed very good cell adhesion, however, the surfaces with the highest roughness
showed improved cell adhesion at early time points (1 h). Considering surface chemistry, higher cell numbers were
observed on APTES-NDs and hydroxyl-NDs, and the lowest values were found for carboxy-NDs. After 24 hours,
there were no differences in cell number with respect to roughness; only on carboxy-NDs still lower values were
determined. Cell adhesion on polished, anodized and raw ND specimens was also investigated under dynamic
conditions, with increased cell spreading and filopodia formation observed on raw ND specimens compared to the
controls. The differences in cell adhesion indicate that the altered surface topography can lead to a stronger soft
tissue attachment. Biofilm formation and its removal is currently tested and further modification of ND surface
chemistry is under investigation.
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3.3.6 Solvothermal production of a piezoelectric layer on titanium implant mate-
rials

Josephine Roth, Ute Bergmann

TU Dresden, Faculty of Mechanical Science and Engineering, Institute of Materials Science, Chair of Biomaterials

Objective:

Demographic shifts and advancements in technology have led to an increased demand for surgical procedures
and the widespread use of implants, particularly in dental and orthopedic applications, where titanium remains
the material of choice. Despite its numerous advantages, postoperative complications such as implant loosening
and inflammatory responses continue to pose significant challenges. To mitigate these issues, surface modifica-
tions are essential to enhance critical properties such as osteointegration and the suppression of inflammatory
reactions. Biomimetic design approaches, including the interaction of biological tissues with piezoelectric surfaces,
hold considerable promise in this regard. [1]

This study focuses on the development of a piezoelectric coating composed of barium titanate (BaTiO3) on titanium
implants. Barium titanate exhibits various crystalline phases depending on temperature, with only the tetragonal
phase possessing piezoelectric properties. Compared to other piezoelectric materials, barium titanate demon-
strates a relatively high piezoelectric charge constant of 200 pC/N, enabling the generation of bioelectrical signals
under mechanical stimulation. These signals play a crucial role in promoting metabolic activity, facilitating struc-
tural remodeling, and supporting tissue growth. [2]

The present study builds upon the work of Koka et al., which serves as a foundation for the synthesis of the piezo-
electric coating. Their approach involves the formation of titanium oxide through thermal oxidation, followed by a
two-step solvothermal synthesis: initially forming sodium titanate, which subsequently converts into barium titan-
ate (Fig. 1). According to Koka et al., thermal oxidation is typically conducted at 750°C for 8 hours. [3] However, this
process can alter the surface morphology and texture of pre-fabricated implants. Therefore, this study explores
the feasibility of producing an anodically oxidized titanium oxide layer as an alternative approach.

thermal solvothermal solvothermal
oxidation reaction reaction
BaTi03

o R
A .Im

Figure 1: Production of a BaTiOs coating on titanium according to Koka et. al [3]

Procedure:

Sample preparation

For all experiments, commercially available Grade 2 titanium was used, industrially produced in bar form with a
diameter of 10 mm. Disc-shaped samples with a thickness of 2 mm and a diameter of 10 mm were fabricated via
mechanical turning. To achieve a smooth and homogeneous surface, electropolishing was performed using a Lec-
tropol 5 from Struers at 32V for 20 s.

Anodic Oxidation

Anodic oxidation was conducted using a voltage supply unit from EA Elektro-Automatik. The samples were secured
in a custom-built anodization cell, allowing direct electrolyte filling. A platinum electrode, positioned above the
sample, served as the cathode. The influence of different electrolytes, voltages, and anodization times was sys-
tematically investigated. The used electrolytes included sulfuric acid, sodium sulfate, Sérensen’s phosphate buffer
(pH 6), and ammonium tetrafluoroborate.
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The applied voltage ranged from 20 V to 100 V at a fixed current density of 20 mA/cm?, while the anodization time
varied between 5 min, 1 h, and 3 h.

Solvothermal Syntheses

The solvothermal syntheses were performed in a 100 or 160 ml autoclave (Parr Instruments). Temperature control
was ensured using an insulated heating sleeve and a TLR750 laboratory controller (Juchheim). The samples were
positioned inside the autoclave with the oxidized surface facing upward and submerged in 12 M NaOH for the first
solvothermal step or 0.05 M Ba(OH), for the second step (filling factor: 0.6). To prevent carbonate formation, the
autoclave was flushed with argon before heating. The first solvothermal step was conducted at 220°C for 8 hours,
while the second step was performed at 210°C for 12 hours.

Analyses

The oxide layer thickness was estimated based on its reflective properties and corresponding coloration. The tita-
nium oxide phase composition was analyzed using X-ray diffraction (XRD), while the surface morphology of the
coatings was characterized via scanning electron microscopy (SEM).

Results and Discussion:

Initial experiments were conducted using 1 M sulfuric acid for 1 hour at applied voltages of 30, 40, 50, and 60 V.
Among these conditions, the thickest oxide layer (120 - 150 nm) was achieved at a constant voltage of 50 V. Based
on these optimized parameters, both solvothermal synthesis steps were performed in an autoclave, and the re-
sulting samples were analyzed using X-ray diffraction (XRD) and scanning electron microscopy (SEM).

Quantitative XRD analysis revealed that the obtained coating consisted of 20% barium titanate (BaTiOs) and 80%
barium carbonate (BaCO3). The low yield of BaTiO; formation is likely due to an insufficient amount of pre-existing
titanium oxide. Comparing the anodically grown oxide layer (maximum thickness of 150 nm) with the thermally
grown oxide layer (about 3 pm) obtained using the method of Koka et al., it becomes evident that the anodic oxide
layer represents only 5 % of the thickness of its thermally grown counterpart. Consequently, the limited availability
of titanium oxide may hinder the formation of barium titanate during solvothermal synthesis.

To address this limitation, further investigations will focus on optimizing the anodic oxidation process to produce
a titanium oxide layer with increased thickness and reactivity, thereby enhancing BaTiO; formation in subsequent
solvothermal synthesis steps.
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Figure 2: a) Table of the anodic oxidations carried out with 1M sulphuric acid and their estimated oxide layer thicknesses according to
Diamanti et al. b) XRD result of a titanium grade 2 sample after both solvothermal steps and anodic oxidation at 50 V for 1 hour in 1 M
sulphuric acid

The structure and thickness of the oxide layer are influenced by several parameters, including electrolyte compo-
sition, applied voltage, and anodization time. Figures 3 to 5 show a comparison of the oxide structures formed
using different electrolytes under varying voltages and oxidation durations.
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In general, the phosphatbuffer, sulfuric acid and sodium sulphate produced comparable oxide morphologies. At
low voltages (20 V) and short anodization times (5 min), relatively uniform layers with fine crystal-like or cauliflower-
like structures were observed. As voltage increased (up to 80 V) and oxidation time was extended (up to 3 h), these
structures became more pronounced and grew in size. However, at voltages exceeding 100 V, a reduction in cau-
liflower-like formations was noted across all electrolytes.

The formation mechanism of these structures remains a subject of debate. It is unclear whether they result from
oxide layer growth, where the expanding layer ruptures through the initially uniform film, or if they are caused by
oxygen entrapment and subsequent gas release from the oxide layer. [4] Further investigation is required to clarify
this process.

4

— 20pm—14

4

— 20pm—14

Figure 3: SEM picture of anodic oxidized samples at 20 V for 1 hour in a) phospatbuffer (pH 6) b) sulfuric acid c) sodium sulphate and
at 80V for 1 hour d) phospatbuffer (pH 6) e) sulfuric acid f) sodium

— 20 pm —

Figure 4: SEM picture of Ti grade 2 anodic oxidized samples at 80 V for 5 minutes in a) phospatbuffer (pH 6) b) sulfuric acid c¢) sodium
sulphate and 1 hour d) phospatbuffer (pH 6) e) sulfuric acid f) sodium
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The use of ammonium tetrafluoroborate as an electrolyte resulted in the formation of structures that differed
significantly from those obtained with other electrolytes. The anodization process led to the development of both
tubular and crystalline morphologies, with increasing voltage and processing time promoting the growth of larger
crystalline formations. The formation of thick oxide layers was visually apparent, indicating substantial material
deposition. However, as layer thickness increased, a reduction in adhesion was observed, suggesting the existence
of a critical threshold beyond which mechanical stability is compromised.

To determine the phase composition of the titanium dioxide layers, all samples were analyzed using X-ray diffrac-
tion (XRD). Despite variations in structural morphology, anatase TiO, was predominantly detected across most
samples. This finding is consistent with previous studies indicating that anatase is the kinetically favored phase
under typical anodization conditions. However, one exception was observed: the sample anodized in Na,SO, at
100 V for 1 h exhibited rutile TiO, instead.

Figure 5: SEM picture of Ti Grade 2 anodic oxidized samples in ammonium tetrafluoroborate for 1 hour at a) 20 V b) 60 V ¢) 100 V and
at 80V for d) 5 minutes e) 1 hour f) 3 hours

Conclusion:

This study investigated the anodic oxidation and solvothermal synthesis of piezoelectric barium titanate coatings
on titanium implants. Since BaTiO; formation requires a pre-existing titanium oxide layer, anodic oxidation was
used to generate this layer under controlled conditions. The results showed that electrolyte composition, voltage,
and oxidation time significantly influenced oxide layer thickness and morphology. Anodization in 1 M sulfuric acid
at 50 V for 1 h produced the thickest oxide layer (120-150 nm), which was still much thinner than the ~3 pm layer
formed by thermal oxidation. This limited oxide thickness likely contributed to the low BaTiO; yield, as XRD analysis
revealed 20% BaTiO; and 80% BaCO; in the final coating.

All tested electrolytes—sulfuric acid, sodium sulfate, Sorensen’'s phosphate buffer (pH 6), and ammonium tetra-
fluoroborate—produced similar oxide structures at lower voltages (20 V) and shorter oxidation times (5 min), form-
ing homogeneous layers with fine crystal-like or cauliflower-like features. Increasing the voltage up to 80 V and
extending the oxidation time to 3 h led to more pronounced cauliflower-like structures, while voltages above 100
V reduced these formations. Anodization in ammonium tetrafluoroborate resulted in distinct tubular and crystal-
line morphologies. However, excessive oxide thickness reduced adhesion, suggesting a mechanical stability
threshold. XRD analysis confirmed anatase TiO, as the predominant phase, except for a sample anodized in so-
dium sulfate at 100 V for 1 h, which formed rutile TiO,.

To enhance BaTiOs formation, future work should optimize anodic oxidation parameters for thicker, more reactive
titanium oxide layers and refine solvothermal synthesis to minimize BaCO; formation. These findings contribute
to the development of piezoelectric coatings for biomedical applications, potentially improving implant perfor-
mance and longevity.
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3.3.7 Hydrodynamic Optimization of Stem Cell Bioreactor with CFD Modeling and
PIV experiments

Anna Pafikova
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Centre for Nanomaterials and Biotechnology

Stem cells offer promising treatments for diseases like cancer and heart disease, but their limited availability from
tissues hinders new therapies. It has been shown through research that mixed-suspension bioreactors exceed
yield of traditional 2D cultures. The aim of this study is to optimize bioreactor cultivation by ensuring a homoge-
neous suspension and a cell-friendly environment, while avoiding prolonged high shear stress. Fluid mixing dy-
namics in a stirred bioreactor are simulated using CFD modeling with OpenFOAM and Ansys CFX software. Meth-
ods such as the Moving Reference Frame and Arbitrary Mesh Interface are used to accurately model velocity com-
ponents. CFD data are validated by Particle Image Velocimetry (PIV), and velocity profiles are evaluated using
MATLAB. The effects of stirrer rotational speed, length, and diameter on bioreactor performance are examined in
a parametric study, providing insights for optimizing bioreactor designs to improve cell yield and viability.

3.3.8 The effect of primary and secondary flows on the homogenization process
in a vertical bladed mixer

Vojtéch Trnka
Jan Evangelista Purkyné University in Usti nad Labem, Faculty of Science, Centre for Nanomaterials and Biotechnology

Blood-tissue barriers are one of the biggest limiting factors in cancer research and treatment, as they strictly con-
trol the transport of molecules and particles present in the bloodstream [1]. The focus of my work is to fabricate a
tissue-on-a-chip device [2] capable of forming a functional blood-brain barrier model under laboratory conditions,
and to study the transport mechanisms of selected molecules, particles, or vesicles [3]. In this presentation, | would
like to showcase our approach to microfluidic system fabrication, present our current results, and discuss upcom-
ing plans and challenges.
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