VSB — Technical University of Ostrava
Nanotechnology Centre, CEET

NanoOstrava 2023

8* Nanomaterials and Nanotechnology Meeting

May 15-18, 2023
Ostrava

ISBN 978-80-248-4675-0



Book of Abstracts, Programme and General Information

(International conference)

NanoOstrava 2023 - 8t" Nanomaterials and Nanotechnology Meeting
Dolni Vitkovice, DOV, Ostrava, Czech Republic

May 15-18, 2023

Published by VSB - Technical University of Ostrava
Printed by AMOS repro, s.r.o.

Proceedings were designed and edited by

Ing. Sylva HoleSova, Ph.D.

ISBN 978-80-248-4675-0



General information

Dear Conference participants, Visitors and Colleagues,

We welcome you to the NanoOstrava 2023 - 8th international biennial
'Nanomaterials and Nanotechnology Meeting' in Ostrava, which is the centre of
the Moravian-Silesian region and, at the same time, the third largest city in the
Czech Repubilic.

This year's conference will be held in the unique location "Dolni Vitkovice -
DOV", which is an industrial monument now serving as an educational, social
and cultural centre.

The conference is organized under cooperation of scientists from the
Nanotechnology Centre, CEET, VSB - Technical University of Ostrava and
Institute of Geonics AS CR.

The meeting will be providing plenty of oportunities for open discussions
between scientists, students and company representatives interested in the
research and development of nanomaterials and nanotechnology.

The three scientific sessions dedicated to energy, environment and
materials characterization in nanoscience will be packed with world-
renowned scientists and a number of scientists and speakers from industry. The
conference supports young scientists and enthusiastic students and helps open

doors to scientific careers.

We wish you successful and fruitful conference — and enjoy Ostraval!

Organizing committee of NOM 2023
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General information

Ladies and gentlemen, dear colleagues, dear participants,

It is a great honor to welcome you on behalf of the organizing committee to the
8t biannual NanoOstrava international conference, more precisely for this year
NanoOstrava 2023.

This year is all the more significant for us, because after the 7t year, which was
organized only online, we are again meeting face to face here in Ostrava. Your
participation and your interest are a confirmation for us that the COVID 19
pandemic has not stopped the continuation of this amazing conference and that
we can continue to meet, present and share our results, conduct scientific

discussions and establish new contacts and cooperation for the future.

This year, the conference is focused on current hot topics in which
nanotechnology plays an important role, namely the application of
nanotechnology, nanomaterials, nanocomposites and advanced materials in
energy and environmental applications. We hope that the prepared scientific
program will be interesting and informative for you. Over 100 participants from

more than 10 countries around the world will present their work over three days.

The discussion on the main topics of the application of nanotechnology in the
field of energy and the environment is very relevant right now here in Ostrava,
where projects are starting to enable the region and people to solve the social,
economic and ecological impacts of the transformation, which is aimed at
achieving the goals of the European Union in the field of energy and climate for
2030 and a climate-neutral Union economy by 2050. Nanotechnology can make

a significant contribution to addressing these impacts.

I wish you a pleasant time spent at the NanoOstrava 2023 conference, which
takes place in the charming and breathtaking environment of the Dolni Vitkovice

region, which demonstrates the historical past of Ostrava connected with heavy
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industry. I also wish you the acquisition of new and interesting scientific ideas

as well as other inspiration and contacts for your work.

Daniela Placha

Conference chairmén, NanoOstrava2023
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PARTNERTS & SPONSORS

The organizers would like to thank the following companies and partners for

generously sponsoring this conference:

GENERAL PARTNER MAIN SCIENTIFIC PARTNER
PRAGOLAB, s.r.o. SPECION, s.r.o.

praqgolab  SpeciOn |

LABORATORNI A ZKUSEBNI
TECHNIKA

The Moravian-Silesian region financially supported realization of conference
NanoOstrava 2023.

Moravian-Silesian

4

Region
COMPANIES
ANAMET, s.r.o. ANTON PAAR Czech Republic s.r.o.
AMNA I % Anton Paar
ANALYTICAL & MEASURING & TESTING \
AMERICAN ELEMENTS BRUKER

E AMERICAN

THE MATERIALS SCIENCE MANUFACTURER®
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CARL ZEISS. s.r.o. EDLIN, s.r.o.

=)

FIBERTEX NONWOVENS, a.s. HPST, s.r.o.

% Fibertex (" HPST

N ONW OV ENS

JEOL LANIK, s.r.o.

W LANIK'

FOAM CERAMICS

JEOL

Solutions for Innovation

MEGABOOKS, s.r.o. MERICI TECHNIKA MORAVA, s.r.o.

meFici
technika
morava

megabooks
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NICOLET, s.r.o. NENOVISION, s.r.o.

‘ = _ .
4 NICOLETCZ <> NenoVision

MOLECULAR SPECTROSCOPY

OPTIK INSTRUMENTS, s.r.o. PREVAC, sp. z o.o0.
INSTRUMENTS
PRECHEZA, a.s. RIGAKU, s.r.o.

¢ PRECHEZA @ Rigalcus

THERMO FISHER TESCAN, a.s.

Therms Fisher I TESCAN

PERFORMANCE IN NANOSPACE
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NanoOstrava 2023

Monday
15 May, 2023

16:00 18:00 Afternoon registration
16:00 1800 [ Welcomeparty |
Tuesday
16 May, 2023
8:00 Morning registration
945 10:30 Plenary presentation
10:30 10:45 Coffee Break

10:45 11:15

11:15 1145

1145 12:15

12:15 13:00

13:00 13:30 T1 (In)

13:30 1345 T1

13:45 14:15 T1 (Specion)

14:15 14:30 T1

14:30 14:45 Coffee Break

14:45 15:00 T1 (In)

15:00 15:15 T1

15:15 15:30 T

15:30 15:45 il ime Risher
Scientific)

15:45 16:00 T1

16:00 16:15 T1

PROGRAMME

Hall No. 1

Plaché Daniela
Snasel Vaclav
Misak Stanislav
Janovska Kamila
Foldyna Josef
Blaha Karel

Fornasiero Paolo

Zboril Radek
Jagadeesh Rajenahally
Mazare Anca

Hall No. 1

Sara Pakseresht 13:00 13:30 T2

Simha Martynkova . ; T2

Grazyna 13:30 13:45

Celine Eypert 13:45 14:.00 T2

Sindler Matyas 14:00 14:15 T2 (JEOL)
Coffee Break

Foldyna Martin 14:45 15:00 T

. o . ~ T1 (Mé&fici technika

Halagatka Lukas 15:00 15:15 Morava)

Dusenka Adam 15:15 15:30 T

Priecel Peter 15:30 15:45 T

Liu Jiaming 15:45 16:00 Ti

Mascaretti Luca 16:00 16:15 T1 (Tescan)

Hall No. 2
Kmentova Hana

Grando Gaia

Filip Jan

Brunetti Guillaume

Tokartikova Michaela
Schott Norman
Castellani Gaia

Ingle Avinash

Férova Marta
Klasterecky Michal

NanoOstrava 2023
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Wednesday
17 May, 2023

8:00
9:00
9:30
9:45
10:00

10:15

10:30

10:45
11:15
11:30
11:45

12:00

12:15

13:00
13:30
14:00
14:15

14:30

14:45
15:15
15:30
15:45

16:30

19:00

8:00
9:.00
9:30
9:45
10:00

10:15

10:30

11:00

11:18

11:30

11:45

12:00

9:30
9:45
10:00

10:15

10:30

10:45

11:15
11:30
11:45
12:00

12:15

13:00

13:30
14:.00
14:15
14:30

14:45

15:15

15:30

15:45
16:00

18:00

23:59

9:30
9:45
10:00
10:15

10:30

11:00

1148

11:30

11:45

12:00

13:00

T1 (In)
T
T

T1 (Meéfici technika
Morava)

T

Coffee Break

52
T2
T2

T2 (Nicolet)

T2

T3 (In)
T3

T3
T3

Coffee Break

T2 (In)
T2 (LANIK)

T2

T2 (Pragolab)

Poster sections

Thursday
18 May, 2023

T3 (In)
)
T3

T3 (NenoVision)

Coffee Break

T1 (In)

Hall No. 1
Rummeli Mark H.
Kallio Tanja

Matéjka Viastimil

Horak Jakub

Kuba Vit

Kment Stepan

Praus Petr

Pikal Petr

Sec Karel/Pasztor Jan

Vani Sankaralingam
Nivitha

Hobza Pavel

Nachtigallova Dana
Tokarsky Jonas
Svoboda Ladislav

Kukutschova Jana
liushchenko Valeriia

Sportelli Giuseppe

Kolouchova Anna

Hall No. 1
Cuniberti Gianaurelio

Henrotte Olivier

Smijova Julie
Komarov Pavel

Faria Joaguim Luis
Ahmad Razi

Rej Sourav

Raza Waseem

9:00
9:30
9:45
10:00

10:15

10:30

10:45
11:15
11:30
11:45

12:00

13:00
13:30
13:45
14:00
14:15

14:30

14:45
15:15
15:30
15:45

9:30
9:45
10:00

10:15

10:30

10:45

11:15
11:30
11:45
12:00

12:15

13:30
13:45
14:00
14:15
14:30

14:45

15:15
15:30
15:45
16:00

T3
T3
T3
T3

T3 (Carl Zeiss)

Coffee Break

T3
T3

T3 (Anamet)
T3

T3

i
T
jii
T1 (Anton Paar)
T

Coffee Break

i3
T3 (PREVAC)

T3
T3

Hall No. 2
Badakova Lucie
Mali¢ Marina
Doubkova Martina
Antoriczyk Agnieszka

Samadi Khoshkhoo
Mohsen

Nakonieczny Damian
Taratuta Anna

Valek Lukas
Havrlant David

Cerny Simon

Bakandritsos Aristeidis
Syrovy Michal
Deshmukh Megha
Springer Jifi

Tobérny Jakub

Rubackova Katefina
Miensopust Dominika
Melchionna Michele

Krishnamoorthy Baby
Monish
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Programme

Monday, May 15
16:00-18:00
Registration and Welcome party (DOV, Gong)

Tuesday, May 16
from 8:00
Registration (DOV, Gong)

9:00 - 9:45

Opening ceremony, Chairman's Welcome (Hall No.1)

9:45 - 10:30
Plenary lecture (Hall No. 1)

P. Fornasiero: The metal/non-metal trajectory in sustainable chemistry .................ccoovvenne. 80

10:30 - 10:45
Coffee break

Topic 2 - Materials and technology for environment, healthcare, and safety

(Hall No. 1)

10:45 - 11:00

Invited lecture

R. Zbo¥Fil: Low-dimensional Graphene Chemistry for Sustainable Technologies .................... 85
11:15-11:45

Invited lecture

J. Rajenahally: Nanocatalysis for sustainable and advance chemical synthesis ................... 84
11:45-12:15

Invited lecture

A. Mazare, P. Schmuki: Anodic TiO2 nanotubes and single-atom co-catalysts in photocatalytic
L Ao 1= g =T = 1 1o o 82

12:15 - 13:00
Lunch
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Topic 1 - Materials and technology for energy and transportation

(Hall No. 1)

Invited lecture

S. Pakseresht: Solid State Lithium-Ion Batteries: Bridging the Gap Between Performance and
Y= =] 570 PP 33

G. Simha Martynkova: Conductive ceramics for application in batteries ................cccccvevvnne. 58

C. Eypert: Molecular characterization of batteries along its lifetime: from development to
=103V 12 T 42

M. Sindler: Heat treated phosphate ceramics for energy applicCations...................ccceveeeeernnn. 65
14:30 - 14:45

Coffee break

Invited lecture

M. Foldyna: Silicon nanowires for solar energy harvesting and storage ............c.cccvevivinnnnnn 33

L. Halagacka: Charge selective transport materials based on sputtered nickel oxide and tin
L0 (o L=3R ¥ o I L TP 45

A. Dusenka: Control of optical properties and surface morphology of ZnO thin films by
sputtering deposition CONAILIONS ........u.eiiu it e e a e a e e aeeaeeaneas 41

P. Priecel: CleanConnect: Inert gas sample transfer system for air-sensitive energy materials

................................................................................................................................ N/A
J. Liu: Modeling of THz Optical Activity in BiOmMOIECUIES............ciieiiiiiiiiiiiiiiieienaenaens 49
L. Mascaretti: Broadband TiN solar absorbers with enhanced photothermal properties ........ 50

NanoOstrava 2023 14
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Topic 2 - Materials and technology for environment, healthcare, and safety
(Hall No. 2)

13:00 - 13:30

H. Kmentova: Separated TiO2 nanotubes with single atoms-based co-catalyst for photocatalytic
100 [gele =g 2] g0 To [V o1 (o] s B PP 96

13:30 - 13:45
G. Grando: Single atoms functionalized carbon nitride for photocatalytic organic synthesis...88
13:45 - 14:00

J. Filip: Beauty of iron nanoparticles: summary of more than 15 years’ experience.............. 87
14:00 - 14:15
G. Brunetti: Latest JEOL development in nanotechnologi€s ............cccuiiiiiiiiiiiiiiiiiiiinennnn, N/A

14:30 - 14:45
Coffee break

Topic 1 - Materials and technology for energy and transportation

(Hall No. 2)

14:45 - 15:00

M. Tokarcikova: Methods of Lithium-ion Battery RECYCliNG........c..c.cuiuiiiiiiiiiiiiiiiiniiiinninnans 67
15:00 - 15:15
N. Schott: 3D X-RAY MICROSCOPY (XRM) for Battery application ..............cc.cciiviiinnininnnnnnn 54
15:15 - 15:30
G. Castellani: TiN-based photothermal catalyst ........coooiiiiiiiiiiiii 38
15:30 - 15:45
A. P. Ingle: Biogenic nanocatalysts for sustainable bioenergy production ........................... 36

15:45 - 16:00
M. Férova, J. Kalina: Green synthesis of nanoparticles using a widely spread weedy plant....44
16:00 - 16:15
M. Klasterecky: TESCAN’s Analytical Solutions for Battery Research ..............cccccevevenennnn. N/A

17:00 - 19:00
DOV guided tours (for those interested)

NanoOstrava 2023 15
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Wednesday, May 17

Topic 1 - Materials and technology for energy and transportation

(Hall No. 1)

Invited lecture

M. H. Riimmeli: Towards atom precise synthesis and engineering with electron microscopes 34

T. Kallio: Influence of coatings on nickel rich positive electrode material properties ............. 47
V. Matéjka: Graphitic carbon nitride as the component of friction composites ..................... 50
J. Hordak: Let’s go throUgh the Dattery .......ueuiiie it ettt e e ae e raeneraenes 46
V. Kuban: Thin graphene oxide foil applicable as separator for batteries ...............cccoceuuuvnn. 48

10:30 - 10:45
Coffee break

Topic 2 - Materials and technology for environment, healthcare, and safety

(Hall No. 1)

S. Kment: Defect engineering for highly active semiconductor photocatalysts ..................... 96
P. Praus: Graphitic carbon nitride for photocatalytic applications ...............cccoviiiiiiiiiiinnnns 105
P. Pikal: Nano vs pigment TiO2 - latest issues from producer’s perspective ...................... 100
Karel Sec: New advances in molecular (FTIR and Raman) microscopy and nanoscopy ....... 108

Nivitha Vani Sankaralingam: The effect of metal-related nanoparticles in the germination of
Selected COMMEICIAl CrOP ..uiuui ittt e a e s e e e s e s e s e e anansannennannens 110

12:15 - 13:00

Lunch

NanoOstrava 2023 16
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Topic 3 - Advanced materials characterization

(Hall No. 2)

L. Bacakova: Nanostructured biomaterials as analogs of extracellular matrix for adhesion and
growth of cells in tissue enNgineering — @ FEVIEW ........oueuiiiie i 159

M. Mali¢: Modified nanofibrous membranes for tissue engineering ..........cccccvuvveveiiiinnneennns 168

M. Doubkova: Surface modification of metallic bone implants for improved osseointegration
................................................................................................................................ 160

A. Antonczyk: Analysis of the silanization process of spherical aluminosilicates as a dedicated
filler for composites in biomedical €NGINEEIING ..........cuiuiiiiiiiiii i N/A

M. Samadi Khoshkhoo: High spatial resolution X-ray microscopy - a new technology approach
fOr tRE reSEAICh 1ADOIALOIY ...ttt et e e e e e 174

10:30 - 10:45

Coffee break

D.S. Nakonieczny: Polyamide PA-12 ceramic oxide reinforced composites: manufacturing and
Lo =T =T L= 1 (0] g B = o 172

A. Taratuta: Study of the change in corrosion resistance of NiTi alloy wires coated with a thin
layer of tantalum PENEOXIAE ...t e s 177

L. Valek: Atomic resolution of AFM in 5 minutes; news in nanoparticle characterization...... 178

D. Havrlant: Stem cells growth observations and material aimed to engineer bone tissue
replacements and appropriate SCAffOlAS .........uuuii i i a e anees 162

S. €erny: Electronical and optical properties of carbide molybden modifications ................ 160

12:15 - 13:00

Lunch

NanoOstrava 2023 17
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Topic 3 - Advanced materials characterization
(Hall No. 1)

13:00 - 13:30
Invited lecture

P. Hobza: Anisotropic charge distribution on halogen atom, o-hole, really exists: atomic force
microscopy and high-level quantum chemical calculations ..............cccooiiiiiiiiiiiiiiii i, 157

13:30 - 14:00

D. Nachtigallova: On the characterization of TiO2 anatase surface using a computational
= 0] 0] /0. Lol o S 171

14:00 - 14:15
J. Tokarsky: Simple method for prediction of preferred crystallographic orientation........... 177
14:15 - 14:30

L. Svoboda: Radiation-assisted synthesis of NanOCOMPOSItES ..........cevuiiiiiiiiiiiiiieiaiennnn, 176

14:30 - 14:45
Coffee break

Topic 2 - Materials and technology for environment, healthcare, and safety

(Hall No.1)

14:45 - 15:15

Invited lecture

J. Kukutschova: Impact of Nanomaterials on the Environment .............ccccveviiiiiiiinienenennns. 81
15:15 - 15:30

V. Iliushchenko: Using foam ceramics as photocatalytic substrate..............cccoeviiiiiiiinnnnnnns 89
15:30 - 15:45

G. Sportelli: Interfacing BiOx nanoparticles to carbon nitride for solar fuel production ....... 106
15:45 - 16:00

A. Kolouchova: A new insight into nanoparticle mobility ............cccoiiiiiiiiiiiiiiiiieaens 99

NanoOstrava 2023 18
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Topic 1 - Materials and technology for energy and transportation

(Hall No. 2)

A. Bakandritsos: Earth-abundant photocatalyst for cost-and energy-efficient production of

= 1 T 37
M. Syrovy: Chemically modified nanofibrous membranes for CO2 capture ..........ccccoevvnennnn. 59
Megha A. Deshmukh: Electrochemical properties of nano-metal catalyst ...................o.ou... 39
3. Springer: XRDynamic 500 - a universal solution for X-ray diffraction ............cccuuueeuunn.. N/A

J. Tobérny: Optimization of direct laser lithography exposition by modelling of Gaussian beam

14:30 - 14:45
Coffee break

Topic 3 - Advanced materials characterization

(Hall No. 2)

K. RUDACKOVA: From Lab SCale t0 FADIICAtION ....uu i taeetateeaaesieesaeesnnesnnesnneenes 174

D. Miensopust: Prevac world innovations 2023 ..........ieiiiiiii i i i i N/A

M. Melchionna: Electrochemical synthesis of hydrogen peroxide by carbon-based catalyst: a
[[o)o) Qo137 g Lo I ¥ g T2 o - Lo = P 170

M. Krishnamoorthy Baby: Interaction of metal oxide nanoparticles with plant under the
INFIUENCE Of €IECEIIC FIEIU ...... .o et aieeeaeeeaes 167

NanoOstrava 2023 19
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16:30 - 18:00
Poster section (gallery in front of Hall No.1)

19:00 - 23:59
Conference evening (Hall No. 1)

Thursday, May 18

Topic 3 - Advanced materials characterization

(Hall No. 1)

9:00 - 9:30

Invited lecture

G. Cuniberti: Digital OIfaCtion ............ciiiiiii i e 157
9:30 - 9:45

O. Henrotte: Multiscale investigation of plasmon-driven photocatalysts by scanning
€1eCtroChemMICAl MICIOSCOPY ... vttt e e a e a e a e a et aeeanea 163
9:45 - 10:00

J. Smijova: Photocatalytic activity of nano-ZnS under different types of radiation ............. 175

10:00 - 10:15

P. Komarov: LiteScope 2.5: Pushing the boundaries of correlative AFM-in-SEM microscopy 164

10:15 - 10:30
Coffee break

Topic 1 - Materials and technology for energy and transportation
(Hall No.1)

10:30 - 11:00
Invited lecture

J. L. Faria: Synthetic Fuels and Green Hydrogen: Paving the Way for a Sustainable Development

11:00-11:15

R. Ahmad: Design of Stable Lead-Free Double Perovskite Nanocrystals for Optoelectronic and
Photocatalysis APDIICAtION ..........uiui ittt et s e e e aneanenes 35

11:15-11:30

S. Rej: Plasmonic and Semiconductor Photocatalysis for Solar to Energy Conversion ............ 52

NanoOstrava 2023 20
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11:30 - 11:45
W. Raza: Anchoring Pt single atom co-catalysts on CdS sensitized single crystal TiO2 nanoflakes

for efficient visible light photocatalytic hydrogen production.............cccouuiiiiiiiiiiiiiniiiiennens

NanoOstrava 2023
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LIST OF POSTER PRESENTATIONS

Topic 1 - Materials and technology for energy and transportation

P1_S
P. Czernek: Synthesis of carbon spheres by chemical vapor deposition with overpressure....69
P2

S. Paul: Heterogeneous Electrocatalytic Reduction of CO2 to Fuels using Metallocorrole

(00T 2] ] (=) (I PP 72
P3_S

L. Plesnik: PVDF separator membranes for battery application.............c.ccceuiiiiiiiieiiiiiinnnnnn. 74
P4_S

S. K. Sathish: Application of clay minerals for solid electrolyte in batteries ......................... 75
P5

M. Slaby: Efficient photocatalysts for hydrogen evolution via solar water splitting................ 76
P6_S

M. Sladcdik: Optimizing the preparation of the MAX phase by the grinding process ............... 77
P7_S

V. Sykorova: Characterization of organic binders for pelletization ..............ccccccevviieiiiennnnns. 77
P8

V. Valovicova: Smectites composite materials for environmental remediation .................... 78

Topic 2 - Materials and technology for environment, healthcare, and safety

P9

J. H. Advani: Towards biofuel molecules in a single POt...........ccoiiiiiiiiiiiiiiiiiii e, 112
P10

P. Bohac: Photosensitization of Singlet Oxygen via Adsorption-Induced Emission Phenomena in
Hybrid Systems of Porphyrins and Layered SiliCates........c.oiiiiiiiiiiiiiiiiii i iieasnaennennes 114
P11

Thanh-Lam Bui: Template assisted plasmonic nanomaterial assembly .................cooevenn. 118
P12_S

P. DaFickova: Low temperature preparation of the PCL/PVDF composite materials ............ 119
P13_S

J. Hoskovec: Polyurethane nanofiber membranes modified by amines for CO2 capture ..... 120
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P14
D. Kimmer: Nanostructured filtration materials for air filtration. Interchangeability of standards
for facemasks and respirators. Effect of nanofibers in filter media................cccccooiiiiiiinnnnn. 126
P15

M. Kolencik: New generation of agronomical perspective nano-fertilizes: Exploring
thermodynamics and SUSEAINADIlITY .........c.eiiiii i i e e e aaeaas 130
P16

L. Lovecka: Green solvents for eleCtroSPIiNmNiNgG .........c.uuuuiuisuiiiiiiiiieseieieieeeenenseeneenens 131
P17_S

D.Y. Mercado-Meza: Effectiveness of Moringa biosynthesized AgNPs to reduce Clavibacter
michiganensis subsp. michiganensis severity in tomato (Solanum lycopersicon) ................. 139
P18_S

E. Olsovska: Study of implants as a possible source of particles in human tissues............. 142
P19

E. Plevova: Composites based on smectites for removal of pharmaceutical micropollutants 144
P20

M. Pospisil: Halloysite as suitable adsorbent of atrazine and diuron...........cccccveveviiieviennnn. 145
P21

P. Rysanek: Effect of plasma treatment on the properties of PVDF/CeO2 nanofiber membr.izs
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Synthetic Fuels and Green Hydrogen: Paving the Way for a Sustainable
Development

J. L. Faria'?

'LSRE-LCM - Laboratory of Separation and Reaction Engineering — Laboratory of Catalysis and Materials,
Faculty of Engineering, University of Porto, Portugal; 2ALiCE - Associate Laboratory in Chemical
Engineering, Faculty of Engineering, University of Porto, Portugal

jlifaria@fe.up.pt

ABSTRACT

A chariot pulled by pack horses from city to city should be a vision of a past to be set aside as
humankind evolves to a sustainable future. Energy for transportation is a big civilizational issue.
Daily personal or communitarian displacements would become primarily electrified in a predictable
short-term future. However, heavy-duty ground and air transport will continue to depend on liquid
fuels due to critical issues associated with volumetric energy density considerations.

Most liquid fuels are still obtained by processing naturally occurring crude oil. According to the
European Commission’s 2050 Long-term Climate Strategy [1], an integrated solution with the
contribution of several alternative fuel options is likely to be required for the future of low-emission
mobility. In the near future, Gas-to-Liquids (GtL) processes that convert natural gas into longer-chain
liquid hydrocarbons (e.g., jet fuel, gasoline or diesel) will be a decisive alternative to oil refining. The
Fischer-Tropsch (FT) synthesis forms the core of GtL processes, using the conversion of syngas
(CO+H>) through catalyst-assisted chain growth [2]. In the first part of this contribution, the merits
of cobalt-supported catalysts for FT synthesis will be discussed as a means to more efficient GtL
processes at much smaller scales than those currently used, competing against other emerging small-
scale microchannel FT reactors [3].

Hydrogen is an important part of the process, and supplying hydrogen to industrial users is now a
significant business worldwide. Demand for hydrogen is rising continuously but is primarily provided
by fossil fuels. Only approximately 1% of global hydrogen production currently comes from
renewable energies [4]. Solar energy utilization to harvest hydrogen from water can greatly contribute
to the cleanliness and sustainability of energy supply and fuel sources. We will describe the use of
additive manufacture to create photocatalyst architectures developed by customized design to fit
dedicated solution reactors [5].

KEYWORDS
Fischer—Tropsch (FT) synthesis; Cobalt catalysts; Photocatalysis; Additive manufacture.

Acknowledgments: Financial support by LA/P/0045/2020 (ALICE), UIDB/50020/2020 and UIDP/50020/2020
(LSRE-LCM), funded by national funds through FCT/MCTES (PIDDAC); projects Cat4GtL (POCI-01-0247-
FEDER-069953) and ClimActiC (NORTE-01-0145-FEDER-000071, supported by Norte Portugal Regional
Operational Programme NORTE 2020), co-funded by ERDF through COMPETE 2020 under PORTUGAL
2020.
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Silicon nanowires for solar energy harvesting and storage

M. Foldyna'
LPICM-CNRS, UMR 7647, Ecole Polytechnique, IP Paris, 91128 Palaiseau, France

martin.foldyna@polytechnique.edu

ABSTRACT

Efficient harvesting of solar energy and potential storage of energy for later use are some of the most
important problems of the societal transition to renewable energy. We will discuss here the potential
of using nanostructured devices based on silicon nanowires with large surface areas to harvest solar
energy and store it in the form of hydrogen fuel. Previously, the efficient harvesting of solar energy
using silicon nanowire devices with radial junction configuration has been demonstrated [1]. In an
effort to store the solar energy in hydrogen gas using a water-splitting reaction, there is a need to
increase the potential difference on electrodes in order to efficiently perform the reaction. For typical
catalysts used for the hydrogen production from water splitting a potential difference of 1.8 to 2 V is
required [2]. This brings a necessity to provide devices with open circuit voltage (Vo) of 2 V or more
to enable efficient production by a single integrated device.

We will show the latest results of radial multijunction devices based on silicon nanowires able to
provide large Vo above 2 V [3]. In addition, as such devices have a very large surface area due to
their nanostructured surfaces, it is beneficial to use them directly as photoelectrodes with proper
catalysts in a single integrated device. Such devices, which do not need external wiring or connection
to the source, but instead perform water splitting by themselves when dipped into the water and
exposed to the sunlight, are called artificial leaves. The potential of using artificial leaves as an
alternative way to store solar energy in hydrogen fuel will be discussed.

KEYWORDS
Silicon nanowires, solar cells, solar hydrogen, renewable energy, energy storage
Acknowledgments: Funding from the project 199ENG05 NanoWires from the EMPIR programme co-financed

by the Participating States and from the European Union’s Horizon 2020 research and innovation programme
is acknowledged.
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Solid State Lithium-lon Batteries: Bridging the Gap Between
Performance and Safety
S. Pakseresht

Department of Chemistry and Materials Science, School of Chemical Engineering, Aalto University, FI-00076
Espoo, Finland

Sara.pakseresht@aalto.fi

ABSTRACT

Solid state lithium-ion batteries (SSLBs) have emerged as a promising alternative to traditional liquid
electrolyte lithium-ion batteries due to their potential for improved safety, higher energy density, and
longer cycle life [1]. SSLBs are constructed using a solid-state electrolyte, which eliminates the need
for a flammable liquid electrolyte and can reduce the risk of thermal runaway. However, challenges
remain in the development and commercialization of SSLBs, including achieving high ionic
conductivity in the solid-state electrolyte, optimizing the interface between the electrolyte and
electrode materials, and ensuring manufacturability and scalability [2]. Despite these challenges,
SSLBs have the potential to bridge the gap between performance and safety in lithium-ion batteries
and offer exciting possibilities for future energy storage.

Here, we are exploring surface modification and protective layer coating techniques to enhance the
interfacial properties, which can improve the stability, conductivity, and lifespan of SSLBs.

KEYWORDS
Lithium batteries, Solid electrolytes, Safety, Coating

Acknowledgments: Financial support from Business Finland (project 410855) is greatly acknowledged.
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ABSTRACT

In this presentation, I will provide an overview of my research endeavors in several areas. These areas
include the synthesis of nano-materials, nano-bio studies, nano-materials in ion insertion batteries,
and electron beam materials science. A common thread throughout much of my work is the
exploration of structure-property relationships, such as the chiral dependence of single wall carbon
nanotubes on their electrical properties, or the biological cell response in relation to nanomaterial
type, size, and morphology.

A key aspect of my research is the development of a transmission electron microscope (TEM) into
an atomic-scale laboratory, enabling the fabrication, modification, and characterization of samples
with high spatial and temporal resolution. As such, the core of my presentation will focus on various
electron beam-driven chemical reactions and electron beam engineering techniques that allow for the
fabrication and manipulation of nano-materials at the atomic level.
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ABSTRACT

In the past decade, lead halide perovskites (LHPs) exhibited enormous potentials for energy
conversion and lighting applications due to their unique optical and electronic properties.!'! However,
material instability and toxicity of LHPs are the main limiting factors towards their practical
application.!?) In this view, recently developed lead-free double perovskites (DPs) are under spotlight
due to superior material stability and compositional flexibility.”] However, low photoluminescence
quantum yield (PL QY) and relatively larger band gap of DPs materials are the main bottlenecks
towards their optoelectronic and photocatalysis application.*] Therefore, doping and compositional
engineering of DP nanocrystals (DP NCs) are the straight forward strategies to enhance the emission
properties and to extend the light harvesting abilities of DP NCs for their applications in
optoelectronic devices and photocatalysis.[*>] However, poor colloidal, photophysical and structural
instabilities during purification due to desorption of surface capping ligands hampered their uses in
optoelectronic devices and photocatalysis.[®! Moreover, reduction of silver ions by amine during
synthesis is the major culprit for low quality of silver based DP NCs.!"!

In this talk, I will present the design, synthesis and purification strategies of efficient and stable blue
emitting Sb-doped Cs>NalnCls and warm-white light emitting Bi-doped Cs2AgInCls DP NCs. The
DP NCs were synthesized by utilizing strongly coordinating silver-trioctylphosphine (Ag-TOP)
complex along with additional TOP as a co-ligand. The role of Ag-TOP complex is to prevent the
early reduction of silver ions during synthesis into metallic silver.[!! On the other hand, TOP could
facilitate the nucleophilic reaction with benzoyl chloride during nucleation and growth stage and
results benzoyl trioctylphosphonium chloride intermediate that serve as both halide source and
surface capping ligand.[”) The extensively washed DP NCs exhibited high colloidal, photophysical,
and structural stability due to efficient surface passivation by robust dual cationic ligand of benzoyl
trioctylphosphonium and oleylammonium cations along with oleate anion. Moreover, I will explore
Fe*" doped Cs2AgxNajxInCls DP NCs, including synthesis strategies, optoelectronic properties and
their application in photocatalytic CO2 reduction.
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ABSTRACT

The ever-increasing population of the world has continuously increased the demand for various
products including energy. The major source of energy is fossil fuels, however, it is well-known fact
that burning fossil fuel is responsible for climate change, air pollution, and many other environmental
issues. Apart from this, it is forecasted that existing sources of fossil fuels will be exhausted by 2050.
Considering these facts, several governmental organizations and environmental protection agencies
developed different policies to support the production and use of biofuels as a sustainable alternative
to fossil fuels. It was estimated that only in 2019, the global production of biofuels reached equivalent
of 1,841 thousand barrels of oil per day. The present biofuel market is expected to reach 153.8 billion
U.S. dollars by 2024.

The production of biofuels involves the use of different biocatalysts (i.e. enzymes) which increase
the production cost, hence the development and application of nanocatalyst for the green production
of bioenergy can be a promising substitute for conventional biocatalysts. To date, several
nanocatalysts have been developed and are being used in the production of bioenergy such as
bioethanol and biodiesel. It is believed that efficient use of nanocatalysts can significantly improve
energy supply, solve the concerns related to climate change, greenhouse gas emissions, and
strengthen energy security, social and economic development.
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ABSTRACT

Reduction of nitroaromatics to the corresponding amines is a key process to produce polymers,
pharmaceuticals, agrochemicals and dyes.! However, their effective and selective reduction requires
high temperatures, pressurized hydrogen and involves noble metal-based catalysts.! Here we report
on an earth-abundant, plasmonic nano-photocatalyst (CuFeS», Fig. 1a), with an excellent reaction rate
towards the selective hydrogenation of nitroaromatics (Fig. 2b). With solar light as the only energy
input, the catalyst operates through the combined action of hot-holes and photothermal effects.
Ultrafast laser transient absorption and light-induced electron paramagnetic resonance spectroscopies
unveiled the energy matching of the hot holes in the valence band of the catalyst with the frontier
orbitals of the hydrogen and electron donor, resulting in the formation of an active transient
coordination intermediate (Fig. 1c,d). Consequently, the reusable and sustainable CuFeS; catalyst
delivers previously unattainable turn-over-frequencies, even in large-scale reactions, while the cost-
normalized production rate stands an order of magnitude above the state-of-the-art.?
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Fig. 1. a) HR-TEM of a CuFeS; nanocrystal with marked lattice fringes, and the corresponding EDS elemental mapping
for Cu, S and Fe. b) Reduction of nitrobenzene at various conditions. ¢,d) Energy level diagrams of CuFeS; and
hydrazine (the e” and H-donor), along with the charge-transfer intermediate, thanks to the energy matching of the hot
holes in the valence band of CuFeS; with the HOMO of hydrazine.
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Biomass reforming by harvesting solar energy can provide green hydrogen. Current biomass
photoreforming provides H; erratically and in limited yield although efficiently, owing to intermittent
features of solar light and incomplete degradation of biomass C—C bonds.! Here, we overcome these
limitations by prioritizing conversion of carbohydrates to liquid hydrogen carriers (LHCs, consisting
of HCOOH and CH3;0OH), appropriate for transportation. Subsequently, the LHCs can be fully
decomposed, releasing only H and CO,.?

CeO,/TiN

Figure 1. Illustration of H2 production from biomass and storage in the form of LHCs by a stepwise method.

In this study, we synthesized several core shell CeO2/TiN-based materials that differ from each other
for the thickness of the CeO, and TiO» shells. Prepared materials were characterized to determine the
morphology (TEM and N physisorption), the phase composition and the crystallite dimensions
(powder XRD and Raman spectroscopy). This represents a preliminary study for the synthesis of
materials. The next steps consist in testing the photocatalysts obtained for the conversion of glycerol
(as a model biomass) in liquid hydrogen carriers such as formic acid and methanol.
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ABSTRACT

To highlight the prospect of green energy production, the development of highly active catalysts for
the hydrogen evolution reaction (HER) has become an area of intense research. However,
electrocatalyst are widely accepted catalysts in recent era of the renewable energy generation.
Electrocatalysis create the formation of chemical bonds by legitimate employment of electrons or
holes from an electrical energy input. Electrocatalysts are well known as economical alternative
pathways which eliminate the obligation of sacrificial agent and waste generating reagents. On the
other hand, copper (Cu) based materials are known as more competitive candidates due to their
excellent electrocatalytic activity and stability with relatively lower overpotential to achieve a
corresponding current density. In this work, copper low Nuclearity catalyst (LNC) were obtained via
an electrochemical transformation of copper chloride (CuCls) in 1M KOH solution. To improve
conductivity and dispersion of Cu LNCs, the cyanographene (CyanoG) modified glassy carbon
electrode (GCE) was used as base for electrochemical deposition of Cu. The resultant Cu-
CyanoG/GCE nanocomposite electrochemical activity towards HER in 1M KOH was studied using
cyclic voltammetry (CV) and linear sweep voltammetry (LSV). The results indicate that the Cu-
CyanoG/GCE may provide a cost-effective alternative to noble metals HER electrocatalyst due to its
better mass activity and stability in alkaline solutions.

KEYWORDS
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INTRODUCTION

An electrocatalyst is expected to upgrade the kinetics of the reaction and cost-performance of energy
devices that count on HER and OER. In recent era of material science, transition metal oxide (TMO),
Ag based, and nitrogen (N) doped carbon catalysts have been widely investigated as search for cost
effective and Pt-free electrocatalysts®?®. Effective electrocatalysts play significant role in the
development of hydrogen production from water electrolysis, involving low reaction barrier,
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lowering energy consumption, encouraging reaction efficiency and rate, etc. Therefore, the research
efforts towards economical electrocatalysts become the key task in the evaluation of electrolysis water
hydrogen production technology. Therefore, researchers have turned their attention to the relatively
inexpensive non-precious metals which found to be effective in electrocatalytic oxidation and
reduction of H>O».

In this study, glassy carbon electrode (GCE) was primarily modified with Cyanographene
(CyanoG) ink which was prepared by mixing with nafion and further treated with ultrasonication
treatment. CuCl3 was used as metal precursor in 1M KOH to form electrolyte. Further linear sweep
voltammetry (LSV) was used as catalyst deposition technique with potential ranging between 0.10V
to -0.40V with SmV S! scan rate. The LSV cycles were repeated 10 times to get the even distribution
of Cu LNCs on CyanoG modified GCE electrode.

EXPERIMENTAL/THEORETICAL STUDY

All reagents were of analytic reagent grade and used as received without additional purification. IM
KOH was used as electrolyte for the electrochemical analysis. Cyclic voltammetry (CV) and liner
sweep voltammetry (LSV) were used to analyse the electrocatalytic activity and stability of the
electrocatalyst.

RESULTS AND DISCUSSION

Electrochemical synthesis of Cu LNCs on the Cyano-G modified GCE was done by electrochemical
method using LSV technique. Three electrode system was used for the synthesis where, Cyano-G-
GCE was used as working electrode, Platinum wire as counter electrode and Ag/AgCl as reference
electrode respectively. For the even distribution and facile formation of CU LNCs on electrode
surface LSV scans were repeated ten times. From Fig. 1a it can be observed that as the LSV cycles
increased the oxidation current for each respective scan is also increased. This evidence reveals that,
Cu LNCs are successfully getting deposited on the surface of working electrode. The working
electrode was further washed with distilled water and air dried.

The electrochemical activity of the Cu modified CyanoG-GCE electrode was studied by cyclic
voltammetry technique compared with bare GCE. Form Fig. 1b we can observe that, Cu modified
CyanoG-GCE has shown higher current density compared to bare GCE. It means, Cu-CyanoG-GCE
is more electroactive than the bare GCE.

0.0

Cu catalyst

Bare GCE
Cu-CynoG-GCE b )

1st Scan 80+
- ]
2nd Scan Y 60
3rd Scan £
= ]
=4th Scan -
Sth Scan

I (mA)

Bth Scan 204
7th Scan 4
Bth Scan 04

10th Scan -20 - T T T T
. 1.0 -0.5 0.0 0.5 1.0

= . T . .
0.40 035 -0.30 -0.25 -0.20 E (V) vs Ag/AgCI
E (V) vs Ag/AgCl

Fig. 1 a) LSV of Cu on CyanoG-GCE and b) CV of bare GCE and Cu-CyanoG-GCE
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CONCLUSION

The CyanoG-GCE nanocomposite was obtained by electrodeposition technique applying potential
difference between two phases. The prepared Cu-CyanoG-GCE has revealed good electrochemical
activity. The results direct that the Cu-CyanoG/GCE may offer a economical alternative to noble
metals based electrocatalyst due to its better mass activity and stability in alkaline solutions.
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ABSTRACT

The aim of this work is to analyze influence of deposition conditions, substrate temperature and
deposition atmosphere composition on the prepared zinc oxide thin films using RF magnetron
sputtering deposition system. Evolution of material optical functions and surface roughness were
characterized by fitting of spectroscopic ellipsometric data. The effect of the substrate temperature
was studied using X-ray diffraction analysis. It was confirmed, that with increased substrate
temperature during the thin film deposition process material tends to form in wurtzite crystalline
structure. This corresponds with increase in surface roughness observed in spectroscopic data.
Moreover, change in dielectric functions shows that band gap shifts to higher energies for samples
prepared at higher temperature.

KEYWORDS

magnetron sputtering, zinc oxide, ellipsometry, thin films

INTRODUCTION

Optical and structural properties of the zinc oxide thin films deposited using radio frequency
magnetron sputtering strongly depends on the process conditions.!> The presented study consists of
two parts. First part is focused on estimation of the optimal deposition atmosphere composition, i.e.,
ratio between working gas (Ar) and reactive gas (O2). In the study the deposition temperature was
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held at room temperature and composition of gas was changed from sample to sample (from pure
argon atmosphere to 50 % Ar, 50 % O2). The evolution of the material optical function was analysed
using spectroscopic ellipsometry and optimal deposition conditions were estimated.® In second study
the process gas mixture was fixed, and the substrate temperature varied from room temperature up to
500 °C. The evolution of the material crystallinity was characterized using x-ray diffraction. The
experimental data shows, that samples prepared under higher substrate temperature conditions tends
to crystalize in hexagonal wurtzite structure. In addition, the higher the temperature was, the more
crystalline phase is present in the sample. That corresponds with atomic force microscopy and
ellipsometric measurements, where films deposited at higher temperatures had higher surface
roughness.

Acknowledgments: The authors acknowledge partial support from the following projects: Czech Science
Foundation 22-33060S, Student Grant Agency project SP2023/026, and Ministry of Industry and trade project
CZ.01.1.02/0.0/0.0/20_321/0024953.
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Molecular characterization of batteries along its lifetime: from
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ABSTRACT

Batteries are becoming key elements in our global energy management. Their performances mainly
depend on the elements quality and their assembly. Raman microscopy is an ideal technique to
molecularly investigate and characterize these different parts of batteries. In this presentation we will
demonstrate how Raman can be applied at the different moment of a battery lifetime.

KEYWORDS

Battery, Raman microscopy, Quality control.

INTRODUCTION

In a global warming tendency, governments decide to reduce the use of fossils energies moving to
general electrification using nuclear but also renewable energies like wind or hydro-electric sources.
The main limitation of these sustainable solutions is coming from their low regularity of energy

NanoOstrava 2023 42



Topic 1 oP

production. Consequently, the use of batteries is important to both store this energy during high
efficiency periods and deliver it back during low production time. Moreover, this global
electrification especially concerns cars and other mobility modalities. The improvement of batteries
performances and size reduction become so important factors to investigate, as well as new types of
batteries development like hydrogen-based ones, called fuel cells.

Batteries performances strongly depend on both electrodes (quality and reliability over cycling) and
electrolyte efficiency. Being able to characterize these different parts of batteries before and after
assembly is so very important, as well as during recycling process to reduce the environmental impact
of the batteries. Key performance factor is obviously the electric conversion of batteries. Physical and
chemical characterization of electrodes and/or electrolytes before, during and after cycling is so
critical, inducing the use of non-invasive techniques to do it.

EXPERIMENTAL/THEORETICAL STUDY

Raman microscopy is a key technique for these battery performances characterization. As an optical-
based molecular spectroscopy, this non-invasive approach enables a clear molecular characterization
of electrodes and electrolyte all along the lifetime of a battery, from its development to its recycling.

RESULTS AND DISCUSSION

Raman can be applied at different levels of battery lifetime. First, raw materials can be analysed for
quality control of the electrodes composition. Secondly, as an optical approach, measurements can
be performed on battery assembly, meaning that the cell can be characterized after association of the
different parts and compared before and after cycling process to do post-mortem cycling investigation
and understand the origin of the battery failure. In the same way, electrical performances can be linked
to molecular structure in-operando thanks to the coupling of Raman microscopy with electrochemical
cells with an optical window allowing the laser access to the battery parts during cycling process.
Finally, as for primary material characterization, Raman microscopy can be applied on material
characterization during recycling process to support second life applications of these materials.

Fundamental Process Battery Cell to Module System Re-use and
Chemistry Scale-Up Characterisation to Pack Performance Recycling
= Electrochemistry = Mixing, coating and = Electrical testing Pa = Understanding

= New material assembly = Mechanical testing = Materials and n powertrain testing degradation
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L life extension
« Electrode = Cell instrumentation = Abuse testing
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Fig. 1. Battery lifetime from development to recycling — Highlighting sections are where Raman microscopy can be
used for molecular characterization.
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CONCLUSION

Thanks to its non-destructive and molecular discrimination capabilities, Raman microscopy is an
ideal technique to investigate and understand battery performances during their whole lifetime as it
gives crystallinity, defects, and more others information.

Acknowledgments: The authors would like to acknowledge the global HORIBA application and market
network for its support and data sharing.
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ABSTRACT

The abstract should state briefly the purpose of research, the principal results and conclusions. The
text of this part should be limited to 200 words. This part will be included to shortened printed
version of abstract booklet.

The purpose of this work was to prepare silver nanoparticles (AgNPs) from weedy plant material.
Extracts of dried and fresh Reynoutria leaves were used for the synthesis of nanoparticles. The
extracts were prepared from fresh and dried Reynoutria leaves at 100 °C, and from dried leaves at a
laboratory temperature 21 °C. AgNPs were prepared by adding 1 mM AgNO3 and tempered at 70 °C
for 24 hours. The changes during the formation of nanoparticles were monitored using UV-vis
spectra. Maximum absorbance was detected at 420 nm. The size and stability of the particles were
determined by Dynamic Light Scattering method to 70 nm, 85 nm, and their zeta potential was -23.1
and -23.5 mV. In addition, the particle size was checked by SEM. The cold route of green synthesis
appears to be a new and energetically beneficial way of preparing AgNPs. The extracts were prepared
from dried leaves at laboratory temperature and AgNPs were also synthesized at laboratory
temperature by adding ImM AgNOs. The shift of absorption maximum to 450 nm was observed, with
a particle size of 85 nm. The preparation is three times more time-consuming (72 hours), but without
energy costs and from an invasive.
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ABSTRACT

Transparent oxide layer providing electrical conductivity are building blocks of wide range of
technological applications. Nowadays materials are based on doped high optical band-gap parent
oxide material. The aim of this work is to analyze growth process of nickel oxide and tin oxide parent
material for hole and electron selective transport thin layers, respectively. The evolution of the
material optical properties was analyzed by simultaneous fitting of normal incidence transmittance
and spectroscopic ellipsometry data.

KEYWORDS
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INTRODUCTION

Transparent conductive oxides (TCO) representing group of material combining electrical
conductivity and transparency in visible light spectral range. The key property of parent oxide
material if its high optical bandgap to ensure transparency. The dopant has a role of charge donor or
acceptor resulting in preferential electron or hole conductivity. The studied thin films were prepared
by reactive radio-frequency (RF) magnetron sputtering using high purity (min. 99.95%) Ni, Sn, and
Zn targets. The argon, oxygen, and nitrogen were used as working and reactive gasses, respectively.

While stochiometric nickel oxide exhibits as insulator its work function can be modified by the tuning
of the concentration of nickel vacancies or oxygen interstices resulting in hole or electron
conductivity, respectively.! In this study we are focused on evolution of the optical functions of the
developed thin films by fitting of spectroscopic ellipsometry data. To promote hole-transport
properties of the NiOx thin films the effect of its doping by zinc is studied.? The zinc is embedded in
NiOx matrix by the process of simultaneous co-sputtering from Ni and Zn targets. The ratio between
amount of sputtered Ni and Zn is controlled by delivered RF power on magnetron guns.

The tin oxide is mostly used as n-type TCO. In the case of p-type tin oxide it can be achieved through

doping in SnO2 using elements with a lower valence cation, such as antimony or zinc as the acceptor
impurity. Also, nitrogen has been suggested to be an outstanding p-type dopant in SnO2 due to its
suitable ion size and electronegativity.> To intercorporate nitrogen into the tin oxide matrix, the
mixture of argon, oxygen and nitrogen is used during the sputtering process and materials are
characterized using spectroscopic ellipsometry.
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ABSTRACT

Proper techniques for material research and testing are essential for obtaining accurate and reliable
results, particularly in the field of battery research. This contribution briefly discusses several
techniques that are appropriate for battery research, including Scanning Electron Microscopy (SEM)
with appropriate analytical equipment, 3D X-Ray Microscopy (XRM), Atomic Force Microscopy
(AFM), X-Ray Diffraction (XRD), and Nanoindentation. However, there are many other techniques
that can also be applied.

Thanks to aforementioned techniques we can get information about material chemistry, topography,
internal structure and material properties at the nanoscale, and we can observe changes that materials
undergo under various conditions (e.g., effects of mechanical stress and deformation on battery
performance). These techniques can provide valuable information on the chemical and structural
changes that occur during battery operation and aging.

Overall, proper techniques for material research and testing are crucial for understanding the
properties and behavior of battery materials. These techniques provide valuable insights into the
microstructure, morphology, surface properties, and mechanical properties of battery materials,
which are essential for designing and developing more advanced and sustainable batteries for the
future.

KEYWORDS
battery research, XRM, AFM, Nanoindentation

INTRODUCTION

Materials are the building blocks of everything around us, from the clothes we wear to the devices
we use. Understanding the properties and behavior of materials is essential in designing and
developing new products, improving existing ones, and ensuring their quality and safety. This is
where material research and testing come in, especially for battery research which plays an important
role in our everyday life.

Proper techniques for material research and testing are crucial for obtaining accurate and reliable
results. Inaccurate data can lead to incorrect assumptions, faulty designs, and even hazardous
products. The use of inappropriate or outdated methods can also compromise the validity of the results
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and hinder the progress of scientific knowledge. Techniques we use for material research and testing
involve a wide range of methods, including microstructural analysis, mechanical testing,
spectroscopy, and imaging. Each method has its advantages and limitations and should be carefully
selected and applied based on the specific properties and characteristics of the material under
investigation.

Overall, the importance of proper techniques for material research and testing cannot be overstated.
It is only through careful and rigorous experimentation that we can gain a deep understanding of the
materials we use and create more advanced and sustainable products for the future.

CONCLUSION

The proper techniques for material research and testing discussed in the presentation are essential
tools for understanding the properties and behaviour of (not-only) battery materials. By gaining a
deep understanding of these materials, scientists and researchers can design and develop more
advanced and sustainable batteries for the future.

Influence of coatings on nickel rich positive electrode material
properties
Z. Ahaliabadeh', M Mantymaki?, V. Miikkulainen', S. Mousav', T. Kallio®
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ABSTRACT

Nickel-rich layered metal oxide LiNiosMno.1Co0.102 (NMC811) is one of the most promising positive
electrode materials for lithium batteries because of its high energy density. However, during battery
cycling it suffers from irreversible parasitic reactions and phase changes leading to severe capacity
fading and impedance increase. Coating NMC811 with various metal oxides has been shown to
effectively suppress those unwanted aging phenomena [1,2]. However, the coatings can also impede
lithium transport and consequently, limit performance of a positive electrode. Thus, both physical
and chemical properties of an applied coating are effectual factors in providing optimized protection
for an electrode material.

We have investigated nanometer scale protective films coated on NMC811 electrodes utilizing atomic
layer deposition (ALD), which allows precis control of the deposited film thickness and chemical
composition. We have deposited metal oxide and Li-containing metal oxide layers on NMC811
electrodes to investigate how the film chemical composition and thickness affect electrode behavior
during a battery operation. Investigations with such characterization methods as Scanning Electron
Microscopy with Energy Dispersive X-ray Spectroscopy (SEM-EDS) and Transmission Electron
Microscopy (TEM) confirm that that during the deposition the coating diffuses into the NMC811
grain boundaries. Rate capability measurements in half cells and impedance spectroscopy are utilized
to study lithium transport while structure stabilizing effect of the thin coatings is evidenced by
observing capacity retention during long term cycling. In particularly, lithium titanate (LixTiyOz) is
found to effectively hinder the above-mentioned interfacial and structural instabilities while it allows
good lithium transport.
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In addition to the above-mentioned structural characterization and electrochemical analysis, in-
operando dilatometry and in-situ XRD analysis have been carried out to investigate the structural
changes occurring during lithium battery cycling. Those results suggest that irreversible volume and
structural change observed for the uncoated NMCS811 electrodes are notably suppressed when the
electrodes are coated with lithium titanate. As the electrode dilation during the cycling generates
crack formation and particle degradation, the nanoscale coating is concluded to provides mechanical
protection while it simultaneously protects NMC811 from the parasitic reactions with the electrolyte
at high potentials.

As summary, we suggest that nanoscale coatings suppress mechanochemical degradation of NMC811
electrodes by suppressing volume changes and reactions at the electrode—electrolyte interphase
during the battery cycling. The practical benefits include utilization of higher cut off voltages for the
coated NMCS811 positive electrodes and increased battery cycle life.

KEYWORDS

lithium battery, positive electrode, nickel rich layered oxide, coating, atomic layer depostion
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Thin graphene oxide foil applicable as separator for batteries
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ABSTRACT

Graphene oxide is highly desired material for printing electronics, catalysis, energy storage,
separation membranes, biomedicine, and composites. Graphene oxide thin films modified with
phytosynthetically prepared silver nanoparticles (nAg) are studied for their functional properties
(Fig.1). Graphene oxide (GO) was prepared using a modified Hummers method from two types of
flake graphites. nAg with particle size below 20 nm were prepared via reduction using nettle extracts.
Along with GO they served as a mix for thin films preparation. The films differ in the graphite and
plant precursors used for creation of nanoparticles.

The properties and morphology of the prepared nAg modified GO films were compared with pure
GO films. The order of the GO structure decreased slightly after the modification. The surface of the
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nAg-modified films was gently smoothed and the overall roughness was reduced. The studied
samples were evaluated as hydrophobic by determining the contact angle, which corresponds to their
chemistry.

Fig. 1: Real image of Graphene oxide and modified Graphene oxide films
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ABSTRACT

Quantities of natural materials exhibit chirality as an asymmetric property. Chiral molecules
demonstrate optical activity, which is characterized by different complex refractive indices for left
and right circular polarization. In biomolecules such as amino acids and proteins, the vibration modes
of these molecular complexes are in the THz frequency range. The plasmonic Born-Kuhn Model act
as an intuitive method to describe optical activity in chiral materials. This model simplifies the
biomolecule by representing it as two undifferentiated orthogonal coupled oscillators. This
conference presentation describes a promotion of the Born-Kuhn Model in more general cases where
the orthogonality of coupled oscillators is not required. Based on classical theories of optical activity,
the model progressively describes various parameters, such as particle motion, current density,
relative permittivity tensor, nonlocality tensor, circular dichroism, and optical rotatory dispersion.
This model will contribute to our deeper understanding of the chiral structure of biomolecules.
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ABSTRACT

Transition metal nitrides (TMNs) are emerging plasmonic materials that can substitute traditional
coinage metals, such as gold (Au) and silver (Ag), thanks to their tunable optical response, refractory
nature and compatibility with microelectronic industry fabrication processes. In this contribution, we
thoroughly discuss the optical tunability of titanium nitride (TiN), the archetypal TMN, to achieve
broadband absorption and, therefore, enhanced photothermal properties. We first introduce the
general optical properties of TiN thin films that can be measured by spectroscopic ellipsometry. We
then consider examples of nanostructured TiN materials as solar absorbers, i.e., nanotubes produced
by electrochemical anodization and thermal nitridation' and nanoporous tree-like films prepared by
pulsed laser deposition.? Such materials exhibit nearly perfect light absorption thanks to the
nanostructured morphology and/or partial oxidation, i.e., TiO:N, composition. As a result, they
exhibit optimal photothermal properties, as confirmed by temperature measurements under
moderated light concentration.> We finally review selected examples of applications of such
materials. TiN nanotubes, in particular, revealed appealing performance in solar steam generation
experiments.® Furthermore, by appropriately coating the same by Rh catalyst nanoparticles, they were
also investigated as potential candidates for gas-phase photothermal catalysis. '

REFERENCES

1. Naldoni, A.; Kudyshev, Z. A.; Mascaretti, L.; Sarmah, S. P.; Rej, S.; Froning, J. P.; Tomanec, O.; Yoo, J. E.; Wang,
D.; Kment, S.; Montini, T.; Fornasiero, P.; Shalaev, V. M.; Schmuki, P.; Boltasseva, A.; Zbofil, R. “Solar
Thermoplasmonic Nanofurnace for High-Temperature Heterogeneous Catalysis” Nano Lett. 2020, 20, 3663-3672.

2. Bricchi, B. R.; Mascaretti, L.; Garattoni, S.; Mazza, M.; Ghidelli, M.; Naldoni, A.; Li Bassi, A. “Nanoporous Titanium
(Oxy)Nitride Films as Broadband Solar Absorbers” ACS Appl. Mater. Interfaces 2022, 14, 18453—18463.

3. Mascaretti, L.; Schirato, A.; Zbofil, R.; Kment, S.; Schmuki, P.; Alabastri, A.; Naldoni, A. “Solar Steam Generation
on Scalable Ultrathin Thermoplasmonic TiN Nanocavity Arrays” Nano Energy 2021, 83, 105828.

Graphitic carbon nitride as the component of friction composites
V. Matéjka', P. Jayashree?, K. Foniok', G. Staffelini?

Department of Chemistry and Physico-Chemical Processes, Faculty of Materials Science and Technology,
VSB - Technical University of Ostrava; 2Department of Industrial Engineering, University of Trento, Italy

vlastimil.matejka@vsb.cz

ABSTRACT

Both bulk and exfoliated graphitic carbon nitrides (labeled as gCN and TEX6) were tested as
components of Cu-free friction composites. For this purpose, Cu-free phenolic resin-based friction
mixtures with 4.5, 9, 13.5, and 18 wt% of gCN or TEX6 were used for the preparation of friction
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composites in a form of pins using the hot-press molding technique. The friction-wear performance
of the prepared pins was tested using a pin-on-disc device. The increase in gCN content in friction
composites led to an increase in friction coefficient (COF), while the COF of samples with TEX6
showed the reverse effect. Pin wear decreased with gCN content up to 9 wt%, after this gCN content
the wear rate increased. In the case of composites with TEX6 the wear rate decreased up to 13.5 wt.%
of TEX6, and above this content increased slightly. The SEM analysis of the friction surfaces revealed
better compaction and greater extension of the secondary contact plateau with increasing content of
gCN and TEX6. The results obtained revealed that bulk g-CN behaves as rather as a mild abrasive,
while exfoliated graphitic carbon nitride behaves as a solid lubricant.
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ABSTRACT

Research on single-atom catalysts (SACs), which have isolated and individual metal atoms anchored
on precisely selected supports, has spurred new interest in photocatalysis due to their increased
catalytic activity and maximum atom utilization. SACs furnish a one-of-a-kind atomic platform for
photocatalysis, not only by providing an increased number of active sites but also by improving the
intrinsic activity of each active site. In this study, a Pt single atom was decorated on co-catalysts on
CdS-sensitized single crystal anatase TiO2 nanoflakes heterojunction for increased photocatalytic
hydrogen production under visible light illumination. Firstly, vertically oriented TiO> nanoflakes
were synthesized on a conductive FTO substrate using a one-pot hydrothermal method. Then visible-
light-induced photocatalyst was developed by sensitizing with CdS NPs using the SILAR technique.
Finally, Pt SAs were firmly anchored on the surface of CdS-sensitized ATNF using a “dark”
deposition method. Under optimized conditions, the highest photocatalytic hydrogen evolution on Pt-
anchored CdS-sensitized ATNF was 17.8 pL h'! under visible light illumination, which is 15.8 times
higher than bare CdS on FTO. The enhanced performance was attributed to the synergistic effect of
the Pt single atoms and the CdS/TiO» heterojunction, which promoted the separation of
photogenerated electron-hole pairs and improved the efficiency of charge transfer. The results suggest
that the Pt single atom decorated on CdS/TiO> heterojunction is a promising photocatalyst for
efficient Hz production under visible light illumination. The formed Pt-S bonds make the Pt-single
atom decorated CdS/TiO> nanosheets photocatalyst stable for 120 h of use without losing
photocatalytic activity.
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ABSTRACT

Recently photocatalytic conversion of solar energy to valuable chemicals and fuels has become an
internationally recognized ideal strategy for preventing environmental deterioration and sustainable
energy generation. For this reason, plasmonic and semiconductor based photocatalysts have been
widely explored to investigate their maximum potential for solar to fuel conversion efficiency. For
this reason, we explored plasmonic property of titanium nitride (TiN) nanocubes decorated with
platinum (Pt) nanocrystals for visible light enhanced hydrogen production activity. Next, we
discovered highly efficient near infrared (NIR) plasmonic activity of TiN nanobars for hydrogen
production, along with strong surface enhanced infrared absorption (SEIRA) effect operating in the
Mid-IR region for furfural detection. Lastly, 2D TiO: bronze nanosheets decorated with Pt single
atomic species (SAs) have been explored for photocatalytic hydrogen (H») production from water
splitting reaction. Such maximum Pt SAs utilization lowers the catalyst cost, without sacrificing high
performance.

NanoOstrava 2023 52



Topic 1 oP

KEYWORDS

Plasmonic, Titanium nitride, TiO> Bronze nanosheets, Pt single atomic species.

RESULTS AND DISCUSSION

Photocatalysts are the centre of the solar to fuel conversion technologies.! To explore this goal,
plasmonic and semiconductor photocatalysts recently got huge attraction. Here, we investigated
refractory, acid-resistant, fuel cell compatible gold-like localized surface plasmon resonance (LSPR)
property of titanium nitride (TiN) nanocubes.? Hybrid antenna—reactor complex i.e., TiN—Pt
nanocubes synthesised and utilised for efficient hydrogen (H2) production from ammonia-borane
dehydrogenation reaction under solar light. We demonstrated that at high light intensity, H> evolution
is both an electron-and thermally driven process. Otherwise, upon light illumination, hot electrons
are mainly generated in TiN and then transferred to the Pt surface, thus decreasing the energy
requirement to access the transition state (TS) of the rate-determining step. Furthermore, light
enhanced tandem nitro-reduction to amines also shows excellent potential of TiN/Pt nanocubes as
plasmonic photocatalyst, mainly working in visible spectrum of solar light (Amax = 664 nm). As we
all know, the sunlight reaching on earth surface consists broad range of photons with different
energies in which near-infrared (NIR, 700—2500 nm), visible (vis, 400—700 nm) and ultraviolet (UV,
<400 nm) lights appears around 49%, 46%, and 5% respectively. As NIR photons contribute high
percentage in the solar spectrum, development of low cost, stable photocatalyst with efficient NIR
light utilization is beneficial for solar to fuel conversion technologies. For that reason, we synthesised
TiN nanobars and nanosheets morphology with LSPR absorption spectra extended from visible to
NIR region (i.e., 500-2500 nm).> The H; evolution rate of Pt nanocrystals greatly enhanced with the
aid of 940 nm NIR plasmonic excitation of TiN nanobars. These plasmonic TiN nanobars also used
for the detection of furfural molecule by providing a strong surface enhanced infrared absorption
(SEIRA) effect operating in the Mid-IR region. Next, ultrathin two-dimensional (2D) TiO> bronze
nanosheets (TiO2-BNS) decorated with Pt single atomic species (SAs) have been explored for
photocatalytic hydrogen (Hz) production from water.* With low loading of Pt i.e., 0.05 wt%, TiO>-
BNS-Pto.05 present around 10 times and 99 times higher photocatalytic rates than pristine TiO2-BNS
under solar and 365 nm UV-LED light irradiation respectively. Most excitingly, the in-situ formation
of surface exposed defect sites (Ti*") was observed for TiO,-BNS under light illumination suggesting
its significant role in enhancing the H> production rate. This self-activation and amplification
behaviour of TiO2-BNS can be extended to other photocatalytic reactions, thus providing a facile
approach for fully utilizing noble metal catalysts via the successful formation of SAs.
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ABSTRACT

The increasing amount of mobile electronic devices (such as smartphones, smartwatches, Bluetooth
headphones, pens and many more) and the growing adoption of electromobility requires the use of
highly efficient electrochemical energy storage devices such as batteries and conversion devices such
as fuel cells. With ever increasing demands on range and storage capability, the limits of what is
technically feasible are being pushed further every day. A variety of measurement systems are
available to overcome the associated technical and material hurdles. But only XRM (X-Ray
Microscopy), a CT (computed tomography) based imaging technology, allows the user to non-
destructively inspect energy storage devices for defects. This can be new production processes, new
material composition or the effect of long-term testing on the internal components.

KEYWORDS
NDT (Non-Destructive Testing), X-ray, XRM (X-ray Microscopy), CT (Computer Tomography).

INTRODUCTION

XRM is an imaging technic based on Computer tomography (CT). It is a non-destructive imaging
technique that allows scientists to examine the internal structure of materials in great detail, down to
an object size of 500 nm. It works by using X-rays to create a 3D image of an object's internal
structure. The technique is similar to medical CT scanning but adapted for use with materials.

The process of CT scanning begins with placing an object on a rotating platform, which moves the
object through a narrow beam of X-rays. The X-rays pass through the object and are detected on the
other side by an array of sensors. The data from the sensors is used to create a 2D image of a slice of
the object. By taking many such images from different angles, the computer can reconstruct a 3D
image of the object's internal structure.

The resulting 3D image is made up of a series of small cubes called voxels, which represent the data
collected by the sensors. The size of the voxels can vary, depending on the resolution of the imaging
system and the size of the object being scanned. The voxels can be thought of as 3D pixels, with each
voxel representing a small volume element within the object.

The data collected during the CT scanning process is stored in a voxel data set, which can be analysed
using specialized software to extract information about the object's internal structure. This data can
be visualized as a 3D image, which can be rotated, sliced, and zoomed to examine the object from
any angle.

In material science, CT scanning is used to examine a wide range of materials, from metals and
ceramics to composites and biological materials. By examining the internal structure of these
materials, scientists can gain insights into their properties and behaviour. For example, CT scanning
can be used to detect cracks and defects in batteries, which can help improve the design and quality
control of manufacturing processes.
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RESULTS AND DISCUSSION

At this point I would like to quote an example from one of our customers, the University of
Oldenburg, who impressively demonstrated how XRM can make a significant contribution to
research with their study: Application of X-Ray Computed Tomography Imaging in the Evaluation
of Aging Effects of Batteries and Fuel Cell Components.

The membrane electrolyte assembly (MEA) is the core component of the fuel cell (FC) that converts
chemical into electrical energy and heat. In this work the degradation process of a high temperature
polymer electrolyte membrane (HT-PEM) FC is demonstrated by analysing the influence of contact
pressure cycling applied to MEAs. The mechanical changes of the MEA due to different operation
strategies between beginning of life and end of test can be detected and visualized by means of
microCT investigations [1][2].

The bipolar plate (BPP) is an important component for vanadium redox flow batteries (VRFB) as it
serves as physical separator and electrical conductor of adjacent cells in a stack. These components
are usually carbon based composite materials with complex structure. In the VRFB the BPP can be
exposed to acidic media and harsh operational conditions [3]. Thus during battery operation the BPP
can undergo significant aging. In order to study the aging propagation within the BPP bulk, pristine
and aged graphite-polypropylene composite BPP samples were investigated using microCT.

High resolution nanoCT is also a suitable method for characterization of aging phenomena in
cathodes for Li-ion batteries. In general, the cathodes for the Li-ion battery technologies consist of
active materials such as LiCoO,, LiFePOs, LiNixMnyCo,0;, conductive additives and polymer
binders [4]. Due to the difference in the X-ray absorption coefficients of the active materials and the
binder-conductive additive matrix it is possible to perform separate analysis of both components with
the nanoCT.

METHOD

MEA: Two studies on contact pressure cycling of HT-PEM MEA consisting of 5 layers with a
nominal active area of 25 cm? were carried out. The first test was performed in-situ within a test
station under real FC operation conditions (Hz and air supply, current density of 0.2 A/cm?). The
second test was done in a small ex-situ compression unit that was specially developed to fit into the
microCT device and that was used without FC operation mode [1][2]. Three repetitive cycles of
compression variations using 0.2, 0.5, 1 and 1.5 MPa have been applied in both systems.

BPP: Overload charging conditions were executed on a BPP with an active surface area of 1 cm? in
an ex-situ electrochemical cell using a current density of 100 mA/cm? for 3 h in the positive VRFB
electrolyte consisting of 1.6 M vanadium in 2 M sulfric acid and a state of charge of 90 %.

Cathode: Commercially available 2 Ah Li-ion batteries in pouch cell format were continuously
charged and discharged in climatic chambers at 25 °C within the voltage range 2.8 to 4.0 V at a C-
rate of 1 until reaching different states of health (SOH). After the cell disassembly the different
cathodes were characterized using high resolution nanoCT.

CT scanning was performed in order to analyse the inner microstructures of the mentioned single
components in energy storage and conversion devices. For the investigations high resolution
Skyscan 2011 nanoCT and Skyscan 1172 microCT were applied. 3D reconstruction, image
processing, visualization and data analysis were performed by means of included software of the
micro and nanoCT equipment (NRecon, DataViewer, CTVox, CTAn, Bruker, Belgium). The
scanning parameters are shown in Table 1.
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RESULTS

MEA: A cross-sectional image of a MEA compressed with 0.2 MPa serves as ante-mortem reference
sample (Figure 1a). After completing three compression cycles in the ex-situ compression device, the
mechanical changes can be clearly recognized by many defects and gabs within the catalyst layers
(Figure 1b). In comparison, the post-mortem imaging analysis of the MEA, which was treated in-situ
in the FC test station, is shown in Figure 1c. Apparently, the result is quite similar to that one gained
via ex-situ compression tool. However, here the defect catalyst layers are going through the
membrane resulting in short-circuit formation. By comparing these in- and ex-situ post-mortem
microCT analyses, it is obvious that the influence of compression cycling is immense while the
additional effect of FC conditions is only minor to the mechanical degradation of the MEA [1][2].

BPP: The 3D image of a pristine BPP shows characteristic features of the composite material. It
consists of a homogeneously ordered bulk material with integrated segments of local higher density
matter and a rough surface texture (Figure 2a). The overload charging conditions led to a damaged
surface with increased open porosity, cracks and material loss drawn through the bulk material due
to surface oxidation and subsequent CO> evolution [5] (Figure 2b). By means of microCT it is
possible to visualize the depth of aging effects and the appearance and formation of corrosion events.

Cathode: The quantitative evaluation of the nanoCT images shows a decrease in the average particle
size and an increase in number of particles of LiCoO; with decreasing SOH of the battery (Figure 3).
By means of nanoCT technique the active material particle breaking upon aging was suggested as
aging mechanism [6]

Table 1. Overview of scanning parameters.

Parameter MEA BPP Cathode
Device microCT microCT nanoCT
Source Voltage [kV] 78-82 80 80
Resolution [um] 25-3.0 1.44 1.00
Rotation step [°] 0.15 0.20 0.18
Averaging frames 4 5 6
Diameter sample size [mm] 6 16 0.75

RECACCRANY STIAD

Figure 1: 2D microCT images of MEAs (DataViewer), (a) ex-situ ante-mortem, (b) ex-situ post-mortem and (c) in-situ

post-mortem [1]. CL, catalyst layer; GDL, gas diffusion layer.
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Figure 3: CT images (DataViewer) of (a) LiCoO2 cathodes with different SOH; (b) Objects with highest densities in the
LiCoO2 cathodes are pointed out [6].

CONCLUSION

The lifetime of fuel cells and energy storage systems is determined by alteration and corrosion of
single system components. In order to investigate such critical influences on integral components one
assessment criteria is the comparison of interior morphological structures between ante- and post-
mortem specimens. Therefore, X-ray micro and nanoCT are powerful and essential tools to analyze
their inner texture, characteristics and aging effects. It was shown that CT is applicable to investigate
components such as MEAs, BPPs and electrodes from fuel cells and energy storage systems and to
give evidence for their aging mechanisms.
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ABSTRACT

It has now become evident that ceramics exhibit the full spectrum of electrical properties spanning the gap
from superconducting to insulating electronic conductors and from fast ionic to insulating ionic conductors. In
many cases, it is the unique combination of desired electrical properties together with the characteristic stability
of ceramics that renders them the obvious choice for many technological applications. An all-solid lithium
rechargeable battery, which would find many applications if available, is one of the reasons for research of
conductive solids. Fast Me'-conducting ceramic electrolytes should be contemplated with respect to their
electrical properties and crystal structure. Both non-oxide-based ceramics and oxide materials' are considered,
and the possibilities of further development are pointed out - for example, the preparation of the electrolyte by
the thin film technique.

The note of prof. J. Goodenough that “Ion mobilities are greatly increased by aliovalent doping, which
introduces mobile vacancies into occupied sites or mobile interstitial ions into empty sites. However, although
analogous to doping in semiconductors, the two phenomena differ in an important respect: itinerant electron
charge carriers are weakly trapped impurities that introduce them, while mobile ions tend to be strongly
trapped.” ¥ is key element for the ceramic/glass materials for next generation of Me ion batteries.

KEYWORDS

Conductive ceramic, solid electrolytes, batteries, structure, stechiomentry
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Chemically modified nanofibrous membranes for CO2 capture

M. Syrovy’, J. Hoskovec', P. Rysanek!, P. Capkova', M. Vostifidakova',
K. Hamalova', O. Benada' 2

Centre for Nanomaterials and Biotechnology, Faculty of Science, J. E. Purkyné University, Usti nad Labem,
Czech Republic, 2Institute of Microbiology of the Czech Academy of Sciences, Prague, Czech Republic

michal.syrovy@uijep.cz

ABSTRACT

Nanofibrous materials prepared by electrospinning provide a wide range of applications from
biomedical applications 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 (PUR and PAN)
nanofibrous membranes modified with different types of amines for CO; 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 membranes based on polyurethane and polyacrylonitrile modified with amines and MOFs.

KEYWORDS

Electrospinning, nanofibers, carbon dioxide, adsorption

INTRODUCTION

Nanofibers, prepared today by the most industrially used method - electrostatic spinning, have unique
properties such as a porous structure, a large specific surface area and excellent mechanical
properties. These properties predetermine them for application use, such as filter media for the capture
of various types of substances, especially gases, but also pathogens, heavy metals, dyes and other
undesirable components in air or water. [**
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To increase the application efficiency of nanofibrous materials, which in themselves show a certain
ability to capture various substances - according to the type of polymer material, preparation
parameters, defects, etc., the solution is modification, which, by choosing a suitable modifying
substance, contributes to the amount of particles or substances captured. The simplest method of
modification is to add modifying substances to the spinning solution before electrospinning, but this
method is ineffective in some cases and will cause unwanted clogging of the pores of the nanofibrous
textile rather than improving the capture ability. In such cases, subsequent modification is chosen,
which, however, is more demanding in terms of time requirements, the need for additional tools and
chemicals, and therefore financial requirements.

For the capture of acidic gases, such as carbon dioxide or sulfur dioxide, those that contain functional
groups of the opposite character, i.e. basic, are usually chosen as modifying substances, which include
amines and amine groups containing other substances or particles. [>©

For this work, the amines diethylenetriamine (DETA), triethylenetetramine (TETA),
tetracthylenepentamine (TEPA) and hexadecylamine (HDA) were used to modify polyacrylonitrile
(PAN) and polyurethane (PU) nanofiber textiles in one step and subsequently. Metal organic
frameworks (MOFs) of the type UiO-66 and NH>-UiO-66 prepared by solvothermal synthesis were
tested as additional modifying substances (only in one step).

EXPERIMENTAL/THEORETICAL STUDY
Electrospinning techniques

Electrospinning is an industrially applicable method of preparing fibers on a micro to nano scale by
applying a high voltage of the order of tens of kV to a polymer solution with suitable properties
(viscosity, conductivity, surface tension), which in the ideal case leads to the overcoming of surface
forces by electrostatic ones and to drawing charged jets of polymer solution towards the oppositely
charged or grounded collector electrode. During the flight of the fiber, the solvent evaporates, after
its complete evaporation, a rigid fiber and subsequently a non-woven fiber fabric is formed on the
collector.

Electrospinning can have different experimental setups, basically two basic types are distinguished -
needle spinning and needleless electrospinning. Both of these methods were used and compared in
this work for the preparation of nanofibers. The difference in both techniques is that:

Needle electrospinning - the polymer solution exits the capillary under pressure;

Needleless electrospinning - electrospinning from the free surface of the polymer, which is used to
cover the surface of a wire or a rotating cylinder. [7-!?!

Characterization methods

The following techniques were used to characterize the samples and compare the preparation
technologies:

Scanning electron microscopy (SEM and HRSEM)) for the analysis of the morphology of textiles and
individual fibers;

X-ray diffraction to assess the crystal structure;
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Infrared spectroscopy for checking the presence of amine functional groups and the chemical binding
of amines to the polymer chain;

Air permeability measurement to analyze the amount of gas that can pass through the functional
material and thus be sorbed;

COg sorption capacity - a key characteristic for this work, according to which it was assessed which
technology and also modification leads to the best results, the measurement was made by the BET
CO; adsorption/desorption isotherm.

RESULTS AND DISCUSSION
Structure and morphology of textiles and nanofibers

Figure 1 compares PAN nanofibrous fabrics modified with different amines. The higher defectivity
of samples 14 - C prepared by needle spinning compared to sample ID prepared by needleless
spinning can be observed here. The difference in the preparation of samples by both techniques was
mainly in the concentration of the polymer for spinning and also in the general difference in both
techniques, i.e. that in needle spinning the solution is forced under pressure through the needle
electrode. This pressure then affects the arrangement of the fibers in the fabric and the presence of

defects. In general, larger fiber diameters are also typical for needleless spinning, as can be seen from
Figure 1D.
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Fig. 1 — SEM images (primary magnification Skx (A-B) and 10kx (C-D)) - comparison of membrane structure for
needle (A - C) and wire technology (D) of electrospinning for amine modified PAN samples: (A) HDA 0.5% w/w, (B)
DETA 5% w/w, (C) TETA 2% w/w (needle) and (D) TETA 2% w/w (wire).
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Particle modifications of UiO-66 and NH2-UiO-66 MOFs were shown to be ineffective for improving
CO; capture, as it was revealed that a one-step modification, i.e. adding these particles to the spinning
solution, causes their encapsulation into the polymer material during spinning. This limits their
function as sorbents, and even though MOFs attached in this way are very stable, they do not improve
CO; capture values. Figure 2 shows MOF particles UiO-66 prepared by solvothermal synthesis (24),
their incorporation into a nanofibrous structure (2B) and a detail showing the coating of one particle
with a polymer material (2C).

Figure 2 - Prepared MOF particles (A), their incorporation into a nanofibrous structure (B) and a detail of their

encapsulation into a polymer material (C).
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Table 1 - Fiber diameters, air permeability and sorption capacity for amine- and MOF-modified samples prepared by

wire spinning and needle spinning for PAN and PU polymers.

Mean air
permeability CO: sorption capacity
[1/m?/s] [mmol/g]
PAN_wire_pristine 19.8+0.30 0.19+0.02
PAN_wire_TETA_1% 15.5+0.80 0.30+0.04
PAN_wire_TETA_2% 53.0+4.70 0.51+£0.05
PAN_wire_TEPA 1% 18.7 £ 0.60 0.39+0.04
PAN_wire_TEPA 2% 48.3+1.20 0.52+0.25
PAN_needle_pristine 3.17+£0.55 0.22+0.03
PAN_needle TETA 1% 1.8+0.9 0.25+0.03
PAN_needle TETA 2% 23+13 0.18+0.02
PAN_needle TETA 3% 28+14 0.35+0.04
PAN_needle TETA 5% 68.5+2.7 0.43+0.04
PAN_needle TEPA 1% 23+1.3 0.30+£0.03
PAN_needle TEPA 2% 49+0.5 0.41+£0.04
PAN_needle TEPA_3% 26+1.0 0.27+0.03
PAN_needle TEPA_5% 19.2+2.8 0.30+0.04
PAN_needle HDA_0.1% 1,9+0.3
max. 0.19 +£0.02
PAN_needle HDA_0.5% 1,9+0.3
PAN_needle DETA_0.5% 20+0.4
PAN_needle DETA_5% 1,9+0.2 max. 0.25 £ 0.03
PAN_needle DETA_10% 1.8+0.3
PAN_needle_UiO-66_0.5% 32+0.5
PAN_needle_UiO-66_1% 29+0.4 max. 0.19 £ 0.02
PAN_needle_UiO-66_2% 2,9+0.3
PAN_needle_NH:-UiO-66_0.5% 2,9+04
PAN_needle_NH2-UiO-66_1% 3,8+0.6 max. 0.23 +0.03
PAN_needle_NH:-UiO-66_2% 2,6 £0.6
PUR_wire_pristine 2.0£0.2 0.12+0.04
PUR/TETA_1% 49.9+4.0 0.36 +0.08
PUR/TETA_5% 129.7 +20.0 0.36 +0.09
PUR/TEPA_1% 79.8 £10.0 0.30+0.08
PUR/TEPA 5% 20.0+£3.0 0.62+0.10
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Polymer-amine bonding, sorption capacity and air permeability

Figure 3 shows the organic groups present in the amine-modified samples, the most important being
the amine groups highlighted in red, which confirm successful amine modification.
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Fig. 3 - IR spectra for TEPA modified samples prepared by (A) wire spinning and (B) needle spinning

Air permeability and sorption capacity

For the development of functional materials of this type, an essential parameter is the air permeability,
i.e. the amount of air that can pass through the sample and thus be in contact with the surface of the
fibers and the functional groups intended for capture. The sorption results are in Table 1.

CONCLUSION

This work was focused on the design and creation of a functional nanofibrous material based on
polyacrylonitrile (PAN) and polyurethane (PUR) by one-step modification with different types of
amines and MOF particles. This method of modification is more accessible for subsequent
production, as it is accompanied by a minimum of technological steps. The best materials appear to
be those that have been modified by amines with the largest amount of functional amine groups, 1.e.
triethylenetetramine (TETA) and tetraethylenepentamine (TEPA). The amine modification
diethylenetriamine (DETA) and hexadecylamine (HDA) caused pore clogging and reduced air
permeability rather than improving the sorption capacity of the material. Particle modification of
MOFs appears to be ineffective, as during spinning the particles are coated with polymeric material
and their functionality for capture is inhibited.
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ABSTRACT

An all-solid-state battery would provide a safe power source with high-temperature performance!.
One requirement for this technology is a solid Li"-ion electrolyte with a Li*-ion conductivity or; >
10*S-cm! that is stable on contact with a lithium anode. Ceramics based on phosphate
AxM2(PO4);3 (A = Li, Na and M = Cr, Zr, Fe, Zn etc.) compounds with the framework have been
reported to be fast alkali-ion conductors?.

A total of 3 types of ceramics with a combination of metals Li, Cr and Na were studied. The synthesis
of advanced phosphate ceramics followed by heat treatment was studied in terms of morphology and
phase composition using characterization techniques. Scanning electron microscopy (SEM) revealed
a difference in morphology for different ceramic compositions ranging from very well crystallized
strength to partially amorphous morphology. The corresponding phase analysis using the X-ray
diffraction (XRD) method provided information on the non-uniform composition of the synthesized
material and the unification of the phases after heating. XRD analysis confirmed the highly crystalline
state of the phosphate ceramics. The application options will be drafted.

NanoOstrava 2023 65



Topic 1 oP

— NayCry(PO,),

45004 A
4000 4
3500 Trisodium dichromium tris(phospate)
3000 ] PDF: 01-073-4063
Trigonal

2500

Intensity(a.u.)

2000 -

1500 -

1000 -

500 A

100um JEOL 4/18/2023
0 X WD 15.0mm 10:38:42
T T T T 1

15 20 25 30 35 40
°20CuKa

Figure 1A: XRD pattern of synthesized phosphateceramics; B: SEM image of synthesized phosphate ceramics
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ABSTRACT

Various types of micro-structures can be prepared using direct writing laser lithography. Most of
these structures are optical diffractive components, which are in high demand. However,
implementation of the desired structure size and shape may be problematic due to the different non-
linear responses of different types of photoresists to the exposure dose. Optimizing lithographic
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parameters and understanding photoresist chemistry are needed to solve these issues. To characterize
the exposure process, the lithographic laser beam is approximated by the mathematical model of the
Gaussian beam. Subsequently, the model is used to make a simulation of the real lithographic
exposure with photoresist optical constants. By comparing the simulation with the measured data, the
optical properties of the photoresist (such as beam divergence and absorption) can be described, and
optimization of required parameters can be performed.
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Direct laser lithography, diffractive optic, microstructure, Gaussian beam
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ABSTRACT

In recent years, there has been an increasing effort to reduce greenhouse gas concentrations in the
atmosphere leading to a significant increase in the construction of renewable energy sources and the
use of electricity. The relative ease of obtaining electricity from photovoltaic panels is coupled with
the possibility of storing it in battery systems or using it directly to charge, for example, batteries used
in cars. Nowadays the application of energy storage has become the most widespread based on
lithium-ion batteries (LIBs) . With the rapid development of this industry, it is also necessary to
focus on the disposal and recycling of end-of-life lithium batteries.

To achieve maximum performance, durability and safety, many systems have been developed that
are referred to as LIBs. The basic elements of the battery are current collectors, a cathode, an anode,
an electrolyte, and a diaphragm (separator). A cathode, an anode, and a diaphragm (separator) are
now made from various intercalated Li compounds (a cathode - LiTiS; LiixCoO2, LiMn2Os,
Li3V2(PO4)s; an anode - carbon, graphite, LiCe; electrolyte - LiPFs, LiBFa4, LiAsFs etc.)®. An
electrolyte solvent is another key component which can be made from ethylene carbonate, propylene
carbonate etc.

The aforementioned information shows, that it will not be easy to develop a recycling method
applicable to all types of LIBs. In general, recycling involves three basic stages: discharging,
mechanical separation, and element recovery by hydrometallurgical, pyrometallurgical,
microbiological, and electrochemical. Therefore, using only one of the recycling techniques to obtain
pure elements contained in the batteries, is impossible. Although the number of research papers has
increased dramatically in recent years, it is not entirely clear how many techniques are used in
practice. The question and the challenge of the recycling process remain the energy and economic
aspects of the whole process.

This study aims to contribute to point out some difficulties of LIBs recycling.
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ABSTRACT

We report on the synthesis of carbon spheres by chemical vapor deposition method with overpressure.
The carbon spheres have a diameter of less than a micrometer, good spherical shape, and smooth
morphology. Its utilization could be found as a lubricant additive for the improvement of friction and
wear resistance.

KEYWORDS

Chemical vapor deposition, chemical vapor deposition with overpressure, carbon spheres, carbon
black

INTRODUCTION

Since the first hypothetical explanation of carbon sphere formation!, the research has had a long
journey. The carbon spheres were synthesized through many routes, from chemical vapor deposition
and its gas phase synthesis® to hydrothermal synthesis with polymerization of monosaccharides
following the nucleation of carbon spheres under high pressure, temperature, and long time®.

Alazami et al. synthesized carbon spheres that could be utilized as an additive to lubricant oil for their
smooth surface to improve tribology*. Khodabakhshi et al. synthesized porous carbon spheres by the
CVD method under certain conditions and precursors that were then used for CO» absorption’. Jin et
al. modified already synthesized carbon spheres with a graphitization step and tested them as lithium
anode material®.

The synthesis of carbon spheres by chemical vapor deposition can be done with” a catalyst substrate
or without it!. The established routes of chemical vapor deposition synthesis of free carbon spheres
can be different from low-pressure chemical vapor deposition (LPCVD)! to atmospheric pressure
chemical pressure deposition (APCVD)® and to high-pressure chemical vapor deposition (HPCVD)’.
Herein we refer to chemical vapor deposition with overpressure that has already been used to
synthesize pyrolytic carbon’.

EXPERIMENTAL/THEORETICAL STUDY

The setup and process of the chemical vapor deposition with overpressure is described in the previous
article!®. Briefly, the mixture of ethylene (C2Hs4 3.0; SIAD) as a precursor and argon (Ar 5.0; SIAD)
as an inert gas, have flowed into the quartz reactor to overpressure 2-3 atm. The synthesis took place
at a temperature in a range of 800-1000 °C from dozens of minutes to a few hours. The ratio between
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precursor and inert gas varied from 1:1 to 1:0. Scheme of chemical vapor deposition with
overpressure can be seen in Figure 1.

Quartz reactor
V::;I:;m I I I $00-1000 °C

Valve V A

Heating

2-3 atm

C1H4 Ar

Fig. 1. Scheme of chemical vapor deposition with overpressure. Edited from Czernek et al.'°.

RESULTS AND DISCUSSION

Many experiments were carried out to optimize the synthesis of carbon spheres in the setup of
chemical vapor deposition with overpressure. During the synthesis step, an abundance of hydrocarbon
precursor has pyrolyzed in high-temperature conditions, and nucleation of carbon spheres takes place.
In Figure 2 can be seen carbon spheres that were synthesized for 30 minutes at a temperature of 800
°C with pressure ~3 atm and a ratio of gases 1:1.

Fig. 2. Scanning electron micrographs from carbon spheres synthesized by CVD with overpressure. Magnification
(a) 1 000x, (b) 2 000x, (c) 5 000x and (d) 20 000x.

As can be seen from Figure 2, synthesized carbon spheres have a diameter of less than a micrometer,
smooth surface, and good spherical shape. The phenomenon of accretion is also observable!!. From
a macroscopic point of view, the carbon spheres are synthesized in form of foam. Because of their
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morphology and nature, they could be used as lubricant additives to improve friction and wear
resistance®.

CONCLUSION

In this paper, carbon spheres were synthesized by chemical vapor deposition with overpressure in
form of foam with a good spherical shape and smooth surface. The utilization could be found in
improving tribology because of its carbon nature and smooth surface. We proved that the method of
chemical vapor deposition with overpressure is promising in the synthesis of carbon spheres for future
research.

Acknowledgments: | would like to thank Ing. Roman Gabor, Ph.D. for scanning electron microscopy images.
This work was supported by the student project SP2023/095 of VSB-Technical University of Ostrava.
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ABSTRACT

Electrochemical conversion of CO; to fuels is one of the most challenging problems for conversion
and storage of electrical energy in the form of high-volume energy density molecules. The motivation
lies in attaining catalyst design and tuning molecular structures to achieve electronic environment
that enable its real-life implementation. In this work, we report heterogeneous electroreduction of
CO: to ethanol or methanol of an immobilized cobaltcorrole catalyst system. In moderately acidic
aqueous medium, the cobaltcorrole modified carbon paper electrode exhibits a Faradaic Efficiency
of 48 % towards ethanol production. Now keeping the ligand framework fixed, we synthesized
Mn(III)Corrole where electrochemical reduction of Mn(III) leads to an Mn(II) species, which binds
CO; and stabilizes the reduced intermediates. This catalyst allows to electrochemically reduce CO»
to acetic acid in a moderate acidic aqueous medium with a selectivity of 63% and a turn over
frequency of 8.25 h™!, when immobilized on a carbon paper electrode. In terms of high selectivity
towards acetate, we propose the formation and reduction of an oxalate type intermediate, stabilized
at the Mn(III)-corrole centre. Comparing both Co(IlI) and Mn(III) Corroles and tallying the chemical
reduction study with DFT calculations we arrive to the conclusion that the catalysis is a metal-centred
one with the corrole ligand stabilizing multiple redox intermediates.

KEYWORDS

Electrochemical, Cobaltcorroles, Manganesecorrole and CO; reduction

INTRODUCTION

Molecular metallocorrole based catalytic systems has the upper hand of direct coordination of CO>
to the metal site participating in inner sphere e- transfer pathways resulting in catalytic transformation
of the adsorbed CO; molecule. Based on the tailored design from the first to second coordination
sphere one can infuse different electronic and geometric impact on the redox properties of the
complex. Engineering the ligand backbone may in turn increase chemisorption of the reactant species
and the robustness of the catalysts upon shuffling of redox states. These catalytic cycles should infuse
selectivity for CO> reduced to multi-carbon products suppressing possibility of background H»
evolution which in turn boost the faradaic efficiency and yield. Selecting ligands with n-conjugate
backbones or changing the redox potential of the ligands by introducing electron donating or
withdrawing moieties one can increase the nucleophilicity of the metal center and make it susceptible
to electrophilic attack by CO,. Ligand modification not only strengthens the immobilization force
between solid supports and complexes but also improves the electron transfer kinetics leading to
accelerated reaction rates. Thus, engineering of the catalysts should be done keeping the following
necessities in mind: 1) formation and stabilization of reaction intermediates by the metal center with
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the help of the appended functionalities, 2) using functionalities acting as proton real mediators to
increase the H" source near the active site 3) to change the redox property of the metal center to boost
multi electron reduction, selectivity, most importantly at a low overpotential, 4) choosing superior
ligand backbone that can stabilize multiple redox states of the metal center preventing demetallation
or associated processes increasing the lifetime of the catalyst.

EXPERIMENTAL STUDY

Cyclic Voltammetry and CPE for CO; reduction were performed with a workstation (CH Instruments,
Model CHI400A) in a two-compartment, three-electrode electrochemical H-cell, consisting of a gas
tight cell with a total volume of 30 mL. Carbon paper was used as the working electrode. Ag/AgCl
(Eagiager = 0.222 V filled with 0.1 M KCl) as the reference, and Pt wire as the counter. The reference
electrode potential was calibrated with respect to the reversible hydrogen potential using platinum
working electrode and platinum wire as counter electrode in 0.5 M H>SO4 electrolyte in H»
atmosphere. This calibration result showed a shift of —0.222 V versus the NHE.

RESULTS AND DISCUSSION

Our efforts to increase the CO; reducibility of Corrole based catalytic systems resulted in the synthesis
of (-S-PEG(7)-OMe); modified Co(III)-Corrole.! On heterogeneous electrochemical CO>

reduction after immobilization over carbon paper electrodes, a 12e reduction of CO; to ethanol
electrochemically at a low potential of -0.8 V vs R.H.E. Systematic spectroscopic investigation and
DFT calculation led to the proposition that shuttling back and forth between Co(III) and Co(I) states
the system under electrochemical bias follows two divergent reaction pathways one leading to the 6e
reduced product methanol and the other 12e reduced product ethanol. The study has been supported
by in-situ spectroelectrochemical FTIR which show the decrease in IR bands of CO; and increase in
IR-bands of alcohols/acids indicating reduction of CO> to ethanol, methanol and acetate. Low
operational potential of the catalysts and formation of highly reduced products with C-C step-up was
due to the formation of easily reducible glyoxal type intermediate. Besides, our group also conducted
CO; electroreduction over Mn(III) Corrole(—S-PEG(7)-OMe); immobilized over Carbon paper
electrodes.” 8e reduction of CO; to acetate was resulted with a Faradaic efficiency of 63% and TOF
of 8.25 h'l,

CONCLUSION

In contrast to the CO pathway the corrole based catalysts proceeds via a formic acid pathway. HCO-
intermdiate yields methanol, as well as glyoxal which is further reduced to form ethanol serving our
catalyst to operate at a low over potential. Heterogenization in the form of supramolecular interactions
plays an important role in this catalytic process. CO> reduction by Mn(III) Corrole is a metal centred
one with the active catalysts being Mn(II) Corrole. CO; reduction proceeds via, a carboxyhydroxyl
intermediate pathway. The formation and reduction of a Mn(III) bound oxalate intermediate to acetate
which was further substantiated by reduction studies of oxalic acid.

Acknowledgments: W.S. and S.G. acknowledges the financial support of the Austrian Science Fund (FWF-
P28167-N34 and FWF-P32045-NBL). S.P. acknowledge UGC for fellowships, S.R. acknowledges the start-
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ABSTRACT

In Li-ion batteries, the separator plays one of the main roles in determining efficiency and safety.
Separates the cathode and anode and thus prevents free passage of electrons and at the same time
allows the passage of metal ions during the charging and discharging cycle. It is important to develop
new types of separators that have better electrochemical and thermal properties compared to the
polyolefin separators used today, which would improve the performance of the entire battery.!
Polyvinylidene difluoride (PVDF) is a highly suitable material for this application due to its high
thermal stability, chemical resistance, strength and easy processability. Moreover, the properties of
PVDF separator membranes can be modified by using suitably selected nanofillers. Zinc oxide
nanoparticles, zinc oxide nanoparticles/vermiculite or vermiculite particles with defined particle size
used as nanofillers can affect the porosity, thermal stability or conductivity of these materials.? The
preparation method of these materials also plays an important role. For example, the heat pressing
process influences many properties such as thermal stability, structure or even the representation of
the individual PVDF phases. This process can be optimized through the temperature, time and
pressure exerted on the material to be processed. The heat press process can also be used as a
lamination process to prepare a multilayer membrane separator using a combination of suitable
materials.’

KEYWORDS

PVDF nanocomposites, nanofillers, membrane separators.
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ABSTRACT

Next generation Li-ion batteries rely on the design and advancement of solid electrolytes and cathode
materials. Therefore, various solid electrolytes based on ion conducting polymers and ceramics have
been developed. These solid electrolytes showed many advantages, for instance, a high lithium
transference number value close to one superior to liquid organic electrolytes'.

Various types of ceramics and ceramic-like materials is involved into the development of solid-state
batteries containing solid electrolyte. Utilization of clay minerals is being effective for the several
reasons®. The natural material containing ceramic -formative elements such as Si, Al, Mg, Na,
therefore being inexpensive source of the precursors. Clay minerals are relatively easy modifiable;
therefore, the large number combination can be produced. Additionally, those natural materials will
be friendly for recycling respecting circular economy aspects>.

In our study modification of aluminosilicate substrate with conductive metals and conductive
polymers is studied. The chemistry along with structure and functional parameters is described.
Comparison of various natural minerals is done.

wm GEOL  2/6/2023
WD 15.0mm 10:50:36

Fig. 1: Acid treated vermiculite intercalated with Li-cation and modified with PVDF.
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ABSTRACT

Almost a quarter of the worldwide energy sector is dependent on the current catalytic process.
For boosting the future economy, photocatalysis research has become the central development regime
of new, clean protocols to generate energy. However, single-site catalysis holds a new frontier in the
realm of heterogeneous catalysis. The main goal of the present research is to reach significant
enhancement in photocatalytic hydrogen evolution via solar water splitting, either by metal-free
condition or atomic engineering with single atoms. In the present research, C3N4 nanosheet precisely
decorated with TiO: (extended series) is used as a highly efficient photocatalyst with a band gap from
2.1to 2.7 eV. C3sNgnanosheet and TiO2 play a significant role in photocatalytic activity for hydrogen
generation. An appreciable amount of hydrogen is being evolved under visible-light irradiation
in a solution with water and methanol with added designed photocatalyst composite of C3N4 and
TiO2. The photocatalytic hydrogen evolution activity under optimal conditions is observed
at 300 pumol h'g! which is higher than g-CsNsjand TiOx photocatalysts separately.
These photocatalysts may increase the production of hydrogen due to their high and efficient
photocatalytic performance further with single atom engineering. Such formulated energy-based
materials will be explored further via enhancing visible light absorption and introduction of tunable
band gaps for hydrogen production as green energy storage and environmental protection.

KEYWORDS
Hydrogen, photocatalyst, water splitting, energy
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ABSTRACT

MAX phases represent a group of intensively studied materials with potential applications in
aerospace, defence, and nuclear industries, and they are also initial materials for the preparation of a
novel outstanding group of materials MXenes. In our research, we focused on the synthesis of an
MAX phase based on titanium, aluminium, and carbon. The preparation of the MAX phase is usually
done in two steps: 1) grinding of the mechanical mixture (for example Ti+Al+C) and ii) calcination
of this mixture at temperatures higher than 1000 °C. Because it is necessary to heat the furnace to
such high temperatures, the calcination process is relatively expensive. As one of the possibilities to
reduce economic costs and simplify the preparation of the MAX phase, the optimisation of the
grinding process was studied. For this purpose, a Design-of-Experiment (DOE) approach was
adopted. The definition of four factors set at two levels resulted in a series of 16 samples. The selected
factors included 1) grinding time, ii) rotational speed, iii) number of grinding balls, and iv) amount of
grinded material. The X-ray diffraction method was used to determine the phase composition of the
mixtures after grinding.
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ABSTRACT

An organic binder is a material that is used to hold particles together to form a solid shape or structure.
The characterization of an organic binder depends on the specific application and intended use.
Nanoparticles can increase the barrier properties of organic binders, such as their resistance to
moisture, oxygen, and other environmental factors. The rheological properties of the organic binder,
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such as its shear behavior, can affect its flow properties and ability to coat or penetrate particles.
Techniques such as powder rheometry was used to determine these properties. And the nanoparticles
have been determined. Selected organic binders used to produce pellets were characterized in detail.
These were lignosulfonate, flour and starch. From the rheological properties were measured the angle
of internal friction, compressibility and angle of repose. The effect of the nanoparticles content in the
binder on their further processing was studied. The first results showed that some of the physical-
mechanical properties improved after the addition of binders. This research can provide interesting
information about the advantages/disadvantages of using organic binders in pellet production.
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ABSTRACT

Clay minerals from the smectite group are widely used as precursors for composite materials. Clay-
based composites represent a current trend in the development of novel materials that can offer a
suitable alternative of eco-friendly and affordable materials for pollutant removal in environmental
remediation. The study focuses on design and preparation of composites based on selected smectites
with manganese oxides and verification of their performance in various applications. The preparation
of composites was performed by precipitation of manganese oxides colloids on the surface of
chemically modified clay mineral montmorillonit (4 localities). The prepared materials were
characterized by X-ray diffraction analysis (XRD), infrared spectroscopy (FT-IR), scanning electron
microscopy (SEM) and X-ray fluorescence spectroscopy (XRFS). The composites were studied for
thermal stability, catalytic activity, sorption properties and evaluation of specific surface area. Results
showed creation of a manganese oxide phase with a structure of a-MnO; (XRD, FT-IR), the a-MnO>
fibers cover the surface of the clay grains and are much shorter than in the neat reference sample
(SEM). The obtained composites exhibited increased efficiency in catalytic combustion of volatile
organic compounds (toluene and ethanol). The adsorption procedure in a batch regimen confirmed
sufficient sorption ability (over 90%) for two types of broad-spectrum antibiotics.
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ABSTRACT

Heterogeneous transition metal catalysts are generally based on nanoparticles, that nowadays can be
synthesized with uniform size and shape. The extraordinary advances in material science inspired a
new vision for nanoscale-inspired design and synthesis of industrially important catalysts, where new
synthetic strategies for materials are combined with emerging concepts in catalysis. The possibility
to exert a precise structural and morphological control, coupled with the tailored modulation of the
metal-support interactions, allowed us to have a step change increase in the activity, selectivity and
stability of many industrially and environmentally important catalysts.[1-5] Furthermore, single atom
[6], metal-free[7-9] and photothermal[10] catalysts are becoming an essential modern strategy to
address current sustainability guidelines, in particular if the reliance on costly elements is abandoned.
Such emerging catalysts are deemed to go beyond fundamental research, and will propel industrial
interests toward the establishment of green organic synthesis, renewable energy conversion, pollution
prevention and control, which represent the real challenges of the 21st century and the focus of the
present talk.
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In the last two decades, the field of nanotechnology has changed very rapidly from an uncertain
promise of benefits and innovations to numerous effective applications such as medicine,
environmental technologies, food manufacturing and other fields where organisms, not only humans,
may be in direct contact with nanomaterials, especially nanoparticles and nanofibers. However,
biosystems are not exposed to engineered nanomaterials only. Anthropogenic activities generate
subtantial amounts of nanomaterials, mainly ultrafine particles. These activities involve traffic
contributing with its exhaust and non-exhaust particulate emissions, various industrial processes, e.g.
welding, but also selective laser melting during 3D printing using metallic powders.

In general, development of new technologies and their products, intentional as well as unintentional,
have not traditionally been accompanied by a parallel debate on the broader issues such as ethics and
governance of the technology. In case of nanotechnology and nanomaterials, such discussions have
occurred as a consequence of documented harm being done to humans and the environment, or the
widespread release of the technology and its products by a local market.

Apart from the well known advantages of nanomaterials usage, there are possibilities that these
materials may pose a hazard for the environment in a sense that they have the tendency to accumulate
in the atmosphere, soil and water environments and even in the food chain. Therefore, it is necessary
to work also on preventive measures of this adverse impact prior to fully implementing nanomaterials
in products and to deal with responsible research and innovation in nanotechnology for future
sustainable development.
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H: generation
A. Mazare', P. Schmuki'2
"Friedrich-Alexander University, Department of Materials Science WW4-LKO, 91058 Erlangen, Germany;
2 Regional Centre of Advanced Technologies and Materials, 78371 Olomouc, Czech Republic

anca.mazare@fau.de

ABSTRACT

The present work discusses recent progress in the synthesis of TiO» nanotubes (NTs) by
electrochemical anodization, single-atom (SA) co-catalyst decoration of such nanotubular layers, and
the use of such SA decorated NTs in photocatalytic H> production. Herein, we show that anodic TiO2
nanotubes can be used as a platform for the decoration with noble metal single-atoms, SAs, e.g., Pt,
Pd, Rh and Au, by a simple “dark deposition” approach, and that such SA decorated TiO, NTs provide
a high activity for photocatalytic H, generation from pure water, i.e., in absence of a sacrificial agent,
compared to their nanoparticle counterpart decorated tube layers.

KEYWORDS

TiO2 nanotubes, co-catalysts, single-atom, H> production

INTRODUCTION

Green hydrogen production is a highly researched topic in the past five decades, which started with
the report of Fujishima and Honda from 1972, reporting on the use of TiO nanoparticles as a solar-
illuminated semiconductor for the splitting of water into H> and O». However, it was later shown that
the formation of H> on TiO; is kinetically hampered, and to reach reasonable photocatalytic reaction
rates, noble metals (Pt, Pd, etc.) are used as co-catalysts on the semiconductor’s surface, either as
metallic nanoparticles (NPs), nanoclusters or more recently as single-atom (SA).

With respect to TiO» nanostructures, anodic 1D TiO> nanotubes (NTs) have shown a high surface
area, good control over the morphology, directional charge transport and ability to harvest their
functionality!!-*. Anodization is by far the most used method to obtain TiO> nanotubes, as it ensures
a well-controllable morphology, as well as the ability to tailor the crystal structure (amorphous,
anatase, anatase/rutile mixtures) by the employed annealing treatments. The control over the
morphology of the TiO2 NTs, e.g., tube diameter, length and spacing, can be easily mastered by the
used anodization conditions (anodization voltage, time, temperature, pH, electrolyte composition,
substrate pretreatment, etc.) !, and different tubular morphologies can be obtained, e.g., single or
double-walled, multi-stacks, super lattice, spaced, etc. 3], To note that as-formed anodic TiO, NTs
are amorphous, and can be crystallized to partially crystalline materials, fully crystalline anatase, or
anatase/rutile mixtures via adequate annealing treatments ('],

To overcome the slow electron transfer kinetics encountered on TiO2 which seriously diminishes the
H> production efficiency, a co-catalyst is required, typically a noble metal (Fig. 1a). Over the years,
significant efforts were made to increase the cost efficiency, to decrease the size of the co-catalyst
particle and to enhance the noble metal usage; thus, the development of insulated single atoms of
noble metals as co-catalyst. Herein, we will discuss the recent advances in TiO2 nanotubes growth
and their use with SA co-catalyst for an efficient photocatalytic H> production.
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EXPERIMENTAL/THEORETICAL STUDY

Ti0; nanotubes were obtained by electrochemical anodization of Ti in a ethylene glycol electrolyte
(0.15M NH4, 3vol.% H,0), at 60 V, 20 min (room temperature) /. Nanotubes were annealed to
anatase (air annealed: 450 °C, 1 hour). The single atom Pt, Pd, Rh and Au decoration was obtained
by dark deposition (precursor solutions of 2 mM or 0.005 mM of H2PtCls.6H>0, (NH4)2PdCls, RhCls,
and HAuCls) - see our recent work (. For more details to the used characterization techniques (SEM,
XPS, TEM) and H, photocatalytic measurements see reference [,

RESULTS AND DISCUSSION

In a first step we present an overview of anodic TiO> nanotubes with different morphologies and how
to achieve the single-atom co-catalyst decoration of NTs via dark deposition. We will further discuss
different noble metals (Pt, Pd, Rh, Au)*! deposited as single atoms on TiO, NTs via dark deposition
(571 and shown an overview from our recent work!*l comparing their efficiency for H, production in
plain water — see Fig. 1b. The different noble metal SAs of Pt, Pd, Rh or Au decorated on the anatase
TiO2 NTs result in an oxygen-coordinated noble metal ®* state. Interestingly, a low SA loading from
a 0.005mM Pd solution on the TiO2 NTs is much more effective as co-catalyst for the photocatalytic
H> generation in plain water than Pt, Rh, or Au SAs (or than corresponding noble metal nanoparticles)
[ The Pd SAs TiO, NTs lead to a H» production rate of 0.381 pmol h™!cm™ (SA density of 0.41 x
10° Pd atoms / um?), by suppressing the H> and O, recombination reactions at the individual SAs
used as co-catalysts in photocatalytic splitting [,
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Fig. 2 a) Photocatalytic H, production (e.g., on TiO; nanoparticle), b) Overview of SA/NP co-catalyst decoration on
TiO, NTs and representative Pd SA decoration (TEM), mass specific H, reaction rates and recombination
measurements (b is from Hwamg et al. [4], used under Creative Commons CC-BY license).

CONCLUSION

The present work discusses recent advances of TiO» NTs obtained via electrochemical anodization
and their single-atom co-catalyst decoration via dark deposition. Following, an overview of the
photocatalytic H> generation efficiency from TiO2 NTs decorated with different noble metal SAs (Pt,
Pd, Rh, Au) or their nanoparticle counterpart is given, clearly showing a strong beneficial effect of
using SAs for an efficient Hz production from plain water.
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ABSTRACT

The development of sustainable processes for advanced chemical synthesis, energy technologies and
materials as well as valorization of renewable resources/feedstocks is an important goal of chemical
research. Notably, catalysis constitutes a key technology for achieving more sustainable processes in
the chemical, pharmaceutical and agrochemical industries. As a result, >80 of globally produced
chemical products are made using catalytic processes. In this regard, the development of more active,
selective, and cost-effective, as well a stable and reusable catalysts is of central importance and
essential to produce all kinds of chemicals at present and in the future. Since decades, catalysts based
on precious metals have revolutionized organic synthesis at scales ranging from the lab bench to the
industrial manufacture of fine and bulk chemicals. However, the higher price and limited availability
of these metals have spurred interest in catalysis with more earth-abundant metal alternatives. Hence,
the development of non-noble metal-based catalysts is highly desired and crucial for the advancement
of sustainable and cost-efficient chemical processes. The major challenge in catalysis is to create
catalysts that exhibit extreme stability, remarkable activity and high selectivity. In general,
homogeneous catalysts are highly selective but not very stable and difficult to recycle or reuse. On
the other hand, heterogeneous catalysts are more stable and easy to recycle or reuse but these ones
are less selective. We are dealing on how to combine both homogeneous and heterogeneous catalysis
aspects to create essential catalysts, especially based on nanoparticles (NPs) and single atoms (SACs)
for advanced organic synthesis. Consequently, in the talk different approaches for the preparation of
highly active and selective base metal nanoparticles- and single atom catalysts by using homogeneous
complexes or metal organic frameworks will be presented. The importance and applicability of these
specific catalytic materials (NPs and SACs) for industrially important synthetic reactions involving
functionalized and structurally diverse molecules will be discussed. Next, the talk includes more
sustainable catalytic processes for the synthesis of valuable fine and bulk chemicals as well as
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molecules used in life science applications. Further, catalytic applications on the valorization of
renewable feedstocks and upscaling of waste-plastics will be shown.
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ABSTRACT

Covalent functionalization of low-dimensional carbon systems, 2D - graphene and 0D -
graphene/carbon dots, paves the way for non-metallic magnets, extraordinarily efficient single-atom
catalysts, selective sorbents or advanced theranostic agents. Two main strategies based on structural
doping with nitrogen and fluorographene chemistry will be discussed. The role of nitrogen
substitution in controlling magnetic and photoluminescence properties of graphene along with
switching the spin state of molecules will be described [1]. N-doped graphene dots will be explored
as unique fluorescence systems allowing to measure temperature inside the living cells or to monitor
the water/ice phase transition with the exceptional applicability in medical diagnostics/therapy [2]. In
the next part, various examples of selective covalent functionalization of graphene via nucleophilic
substitution of fluorographene will be presented. Recently discovered cyano-graphene and graphene
acid possess an exceptional affinity towards binding metallic and molecular species. The applicability
of these derivatives in environmental and antimicrobial technologies will be discussed [3]. Finally,
the use of graphene derivatives as the efficient traps for immobilization of single atom catalysts will
be demonstrated with various reaction systems [4].
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ABSTRACT

Iron nanoparticles (commonly termed as nZVI — nanoscale Zero-Valent Iron particles) attract
attention of scientists and environmental engineers for more than twenty years mainly because of
their high reactivity and potential to become a new generation of remediation agent in groundwater
treatment technologies. At Palacky University Olomouc, we established the intensive research on
nZVI particles in 2006 and intensified collaboration with other Czech universities and remediation
companies on this topic. Our research covers the synthesis (including up-scaling),! surface
modification,>> chemical transformations,* formation of nZVI-based nanocomposites,’ reactivity
studies,’® combination with other remediation processes (like bioremediation’ or electric field
enhanced remediation®), evaluation of toxicity and fate’ of nZVI and their reaction products in the
environment. Following extensive laboratory research, the industrially prepared nZVI particles have
been used in numerous filed pitot tests and in full-scale remediations of polluted sites for groundwater
restoration. In this presentation, we will overview the most important achievements in the field of
nZVI optimization, including their complex evaluation, and will give future prospects and directions
of subsequent research dealing with nZV1.
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ABSTRACT

Carbon nitride derivatives are a family of materials that have found increasing popularity in
photocatalysis and sustainability processesl. In particular new carbon nitride species incorporating
single transition metal atoms (CN-M-SAC), provide charges and metastable high-spin states formed
upon photo-irradiation of the materials2. It has been shown that these features make possible the
development of light-driven organic reactions.

The project targets the development of two types of CN-M-SAC to be used as photocatalysts for two
classes of organic reactions that incorporate the H2 evolution or the CO2 fixation. The metals selected
for this research are nickel and cobalt. CN-Ni-SAC is intended to catalyse the carboxylation of allylic
alcohols using carbon dioxide3, while CN-Co-SAC is a suitable heterogeneous catalyst for the
synthesis of anilines along with the production of H24.

Particular attention is dedicated on carbon nitrides and their structural modification. Either on the
molecular level, for example with the addition of some non-metal atoms, defect engineering or
oxidation, or on the surface level, by variating the crystallinity of CN material trough amorphization
or by changing the surface to volume ratio changing the porosity of the material. The modified carbon
nitride will be further functionalized by inclusion of single transition metal atoms.

KEYWORDS

Single-atoms, carbon nitride, H2 evolution, CO2 fixation
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ABSTRACT

The emphasis put on the quality of living space has been exponentially increasing in the last decades.
Advanced catalytic oxidation processes represent a promising technology for the remediation of
contaminated water, air, and soil. Generally, semiconductive photocatalysts are an ecologically
friendly and sustainable resource that can convert harmful substances almost waste-free into final
products like HoO and CO». The most common photocatalyst representative is titanium dioxide
(TiO2), which excels due to its efficient photoactivity, high stability, ecological integrity, and
relatively low cost. Nevertheless, there are some drawbacks related to TiO; utilization, such as
preparation of suitable suspension, high tendency to create agglomerates, stability of suspensions in
time, application technique, etc. Coatings based on titanium dioxide are usually applied on different
planar surfaces, such as glass, facades, metals, etc. Researchers are trying to increase TiO: activity
by doping, surface modification, particle size reduction, etc. The enhancement of the efficacy of TiO»
coating by its application on a ceramic porous system, where a benefit of a large specific surface area
of the substrate is used, was investigated in this study. Then, the influence of the preparation technique
on the coating quality and photocatalytic properties was also evaluated.

KEYWORDS
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INTRODUCTION

The phenomenon of photocatalysis has been broadly investigated for the purpose of degradation of
harmful chemicals either in air or water for many decades. The efficacy of photocatalysts can be
affected by many factors, such as photocatalyst composition, particle size, light source, surface area
and morphology of the photocatalyst, presence of other substances, etc. Despite the promising
deployment of photocatalytic elements in the industrial sectors, photocatalytic systems have still their
limitations. Owing to the fact that photocatalysis is about nanoparticles (NPs), controlling the textural
properties, such as particle size, agglomeration degree, and surface area, are not easy tasks to figure
out. NP suspensions, known as the first generation of photocatalysts, display impressive
photocatalytic activity due to their high specific surface in direct contact with pollutants.
Nevertheless, in many cases, these suspensions are applied on solid planar surfaces, which can limit
the whole potential of these suspensions'. The usage of three-dimensional (3D) substrates cannot only
compensate mentioned limitations but also improve and extend the suspensions’ application field.
These 3D substrates are commonly referred to materials such as foam, which crucially offers great
potential in terms of photocatalytic efficacy and activity. Foams coated with photocatalytic
suspension can reliably interact with irradiated light to form more oxidative species leading to
degradation processes with higher photocatalytic efficiency over planar substrates. This study
presents a new sight on the application possibilities of photocatalytic suspensions.
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Photocatalytic suspension

Titanium dioxide has a predominant role in the photocatalyst field due to its high efficiency, stability,
versatility, availability, long history, and low cost. Preparation of stable suspension of TiO» NPs is
challenging because of their high affinity to agglomerate, due to their large specific surface area. This
behaviour is generally connected with Van der Waals attraction forces and can be compensated by
repulsive electrostatic forces, steric stabilization, or specific surface treatment®. The combination of
electrostatic and steric stabilization can be achieved by using polyelectrolytes. Ultrasonication can be
additively used to improve the deagglomeration process as well. The presence of agglomerates
generally reduces the specific surface area which can negatively affect photocatalytic activity.
Nevertheless, even with these options, the deagglomeration process into the primary particles is still
challenging.

The powder nano-TiO: (n-TiOy) is usually used in an industrial scale that is necessary to convert to
a stable suspension, rather than synthesizing n-TiO; suspensions according to different laboratory
approaches. Water is usually used as a versatile medium for TiO> suspensions. Generally, in water,
NPs tend to create multiple larger agglomerates (compared to primary particles), with dimensions
larger than micrometer due to the hydrophobic nature of the NPs surface and the electrostatic
attraction of the NP powders. Various polymers, organic acids, or surfactants have been adopted to
stabilize n-TiO2 suspensions®. Adding different inorganic salts can also improve the suspension
stability®*. Monitoring the effect of individual stabilizers on photocatalytic activity is essential to
avoid depreciation of the primary purpose of TiO; coating use.

Last but not least, key parameter which can influence the quality of TiO2 suspension is the preparation
technique. One of the most common equipment used to prepare suspension from powder is a
high-shear dispersing machine or in other words — a homogenizer. To brake nanoparticles’ clusters
and improve suspensions’ stability, homogenizers are usually equipped with a specific geometry
called a rotor-stator”. The rotor is usually a movable inner part, whereas the stator is a fixed outer part
with holes or gaps with definite dimensions depending on a target particle size. Due to the high shear
force, the agglomerates coming through these gaps are mechanically broken down. Using the
homogenizer, the low viscous suspensions are prepared, for the denser ones the pearl mill can be
used.

The construction of the pearl mill can be divided into two main parts: dispersing container and the
main mill body. Dispersing container serves as a stock vessel, which is continuously homogenizing.
The mill part has a rotating mill chamber filled with zirconium balls of definite size (according to the
target fineness). The suspension from the stock container enters the milling chamber (here undergoes
the milling process), then comes through the exit gap and goes back to the stock vessel. The whole
process is a continuous procedure where the suspension undergoes several repeating cycles to achieve
the desired fineness.

Foam Ceramics

The first mention of the synthesis of solid inorganic foam dates back to 1965°. Nowadays there are
several techniques used to make a porous system with controlled porosity: replica, a sacrificial
template on direct foaming process. The replica technique to produce foam ceramics is used in our
company. This process (Fig. 1) is based on the immersion of reticulate polyurethane foam into the
ceramic slurry (step 1) followed by drying (step 2) and firing (step 3). A ceramic matrix with a specific
internal structure is formed as a result of the firing process since the used polyurethane foam burns
out of the final ceramic product. The primary application field for our foam ceramic products is the
filtration of molten metals where labyrinths of the foam help to trap inclusions and impurities, and
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last but not least to laminarise turbulent flow. According to the literature®, the main types of ceramic
matrix for photocatalysis can be divided into two groups: semiconductors (such as SiC) and metal
oxide (such as Al>O3). The photocatalytic layer can be applied by spraying, immersing, chemical or
physical vapor deposition, etc. Depending on the required parameters and applications field, it is
possible to use several types of porosity. To specify porosity, the term — Pore Per Inch (PPI) is used,
where the given number corresponds to the number of pores in one linear inch. For photocatalytic
applications, PPI 10, 20, 30 are usually used.

@ o 74{}\/ O
iy —

Fig. 1. The ceramic filter preparation approach

The previous study of Lanik research team’ has proved that the application of the photocatalytic
coating on ceramic foam is about seven times more effective (tested on NOx degradation) rather than
the planar substrate (Fig. 2).
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Fig. 2. The photocatalytic efficiency of a porous matrix over the planar sample on NOx removal’

EXPERIMENTAL PART

The main aim of this experiment was to verify the influence of the suspension preparation technique
on the compactness of the applied coating on the ceramics’ substrate, then to measure the
photocatalytic properties of selected suspensions.

For this experiment, LANIK s.r.o. collaborated with a supplier of TiO> in the Czech Republic —
Precheza a.s. (Pferov). The product PRETIOX CG100 was used (with a specific surface area of
103 m%*/g and primary particle size distribution Dso— 15.8 nm) as a nano-powder medium for
suspensions preparation.
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For the purpose of production of ceramic filters, pure and stable raw materials were used. The ceramic
based on aluminium oxide was selected as a matrix for TiOz-based suspension. Also, this system
benefits from the sufficient mechanical stability of the carrier matrix.

Suspension preparation

Applied suspensions were prepared using two different techniques: dispersing process using high
shear dispersing machine (Dispermill Discovery, The Netherlands) with rotor-stator geometry. The
mixing parameters were the following: mixing time — 10 minutes, 2 and 6 hours, the mixing speed
was 1600 rpm, corresponding to the 5.03 m/s. The next set of samples was prepared by Precheza,
using a pearl mill Labstar LS1 (NETZSCH GmbH, Germany) milling for 120 minutes. Parameters of
individual suspensions are shown in Tab. 1:

Table 1. Parameters of individual suspensions

Suspension Preparation TiO; content D50 D90
number technique wt. % pm pm
A 5.66 50.40
High shear
B ) ] ) 10 0.55 7.55
dispersing machine
C 0.45 1.90
D 25 0.085 0.126
Pearl mill
E 10 0.085 0.123

Prepared suspensions were applied on the ceramic matrix by spraying, using a spraying gun under
laboratory conditions (22 °C, RH~38%). The fixation on ceramic substrates was carried out by
recalcination in electric at high temperature.

Samples were prepared in two dimensions; for surface analysis, the size was — 10 X 5 mm, and for
photocatalytic measurement — 100 x 50 x 20 mm, both sizes were adapted to the individual
instrument equipment.

Instrumental methods

Particle size distribution was measured using Horiba LA-960 V2. Scanning electron microscopy
(SEM) was used to observe the effect of different preparation techniques of TiO> suspensions for
surface quality and to monitor the effect of selected stabilizers on coating compactness. The
microscope Tescan VEGA 3 was used.

Measurement of photocatalytic properties was carried out according to the modified approach
ISO 22197-1 to determine NOx degradation degree.

RESULTS AND DISCUSSION

First of all, prepared suspensions were evaluated as to the particle sizes, more precisely Dso and Dog.
The results are shown in Tab. 1. It is obvious that the pearl mill contributes to better deagglomeration
about 10 times more than the high-shear dispersing machine.
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Then, the compactness and the thickness of each coating on the ceramic substrate were evaluated by
SEM analysis. Principal attention was focused on the influence of the suspension preparation
procedure on surface quality. Then, selected suspensions were compared in terms of photocatalytic
activity on NOx degradation.

SEM analysis

Using this method, the surface quality and compactness were determined depending on the mixing
technique. Homogenizer mixing represents a widespread method in suspension preparation; it was
thus chosen as the main mixing technique. Nevertheless, after analysing the quality of the surface,
this type of mixing did not bring the expected results. Even after several efforts of testing at different
dispersing times, still, none of them met the expectations. As can be seen from Fig. 3, the TiO»-based
coating seems to be compact, nonetheless the amount and the size of agglomerations (Fig. 4) can
negatively affect not only photocatalytic properties but can cause increased undesirable attrition of
the coating.
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Fig. 4. Different dispersing times on surface quality (from left to right: A, B, C), the cell dimension is 10 x 10 um
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On the other hand, the pearl mill technique brought more satisfactory results in terms of surface
quality. Moreover, the pearl mill technique contributes to the higher deagglomeration degree, Fig. 5.
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Fig. 5. Different TiO2 content on surface quality using pearl mill technique, from left D, E, E (the cell dimension is

10 x 10 pm)

Photocatalytic properties

Photocatalytic efficacy was measured on suspension prepared by a pearl mill for higher TiO content,
suspension D. The photocatalytic activity was determined on NOx degradation. Evaluation of the
photocatalytic activity of the rest of the suspensions will be the subject of further research. The course
of one of the measurements is shown in Fig.6. The mean value of the degree of conversion NOx was
determined at 49 + 3 %.
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Fig. 6: The example of the measurement process.
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CONCLUSION

The aim of this paper was to offer fresh sight into the application of TiO-based suspensions. Foam
ceramics represent suitable substrates in terms of a high specific surface, chemical stability and
innocuousness, and mechanical durability. The influence of the preparation technique on the
TiO2-based surface quality was verified within this work. The preparation technique is a key
parameter that influences the deagglomeration degree and the further coating character. The high
shear dispersing machine did not bring the expected results. Unfortunately, even the longer mixing
(6 hours) did not positively affect the coating quality - the deagglomeration degree was still low.
Moreover, the reaglomeration can take place because larger agglomerates (about two times) were
monitored in case of 6 hours dispersing against 2 hours of mixing.

On the other hand, the pearl mill technique met expectations and showed better results in terms of
surface quality and the deagglomeration degree. In terms of photocatalytic activity, almost 50% of
NOx degradation was achieved. The correlation between different prepared coatings and their
photocatalytic activity will be the subject of further research.

Acknowledgments: This publication was created thanks to the reliable cooperation with Precheza and thanks
to the support of the Lanik company.
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ABSTRACT

The development of cost-competitive materials capable of producing fuels or electricity directly from
the energy harvested from sunlight offers a desirable approach to fulfilling the need for clean,
sustainable, and secure energy. Semiconductor metal oxides (e.g., TiO2, Fe2Os, or BiVOs) are
abundant, photoactive, stable and cheap; and thus they have been among the most widely adopted
materials for the conversion of solar energy into storable and transportable chemical energy such as
e.g. hydrogen (H2). However, despite a huge scientific effort, their overall efficiency for solar-driven
applications remains rather low due to several crucial limitations such as particularly fast
recombination of photo-generated charges (electron-hole pairs) and sluggish kinetics of the redox
surface reactions that hinder the practical application in this field. Defect engineering has become an
attractive research direction for improving the optical and electronic properties of semiconductor
photocatalysts towards boosting their photo(electro)chemical performance. For example, so-called
non-stoichiometric black TiO, has demonstrated unexpectedly enhanced photo(electro)chemical
activity, which has been attributed to the co-catalytic effect of unsaturated Ti*" ion at the titania
surface due to the presence of oxygen vacancies (Vo). Additionally, these unsaturated defects/sites
provide a strong affinity to tightly bond or anchor various species such as transition metals single
atoms, or carbon dots that can be used as even more effective co-catalysts. In this contribution, recent
advancements regarding defect engineering toward significantly enhanced photocatalytic activity of
oxide semiconductors will be summarized.

Separated TiO2 nanotubes with single atoms-based co-catalyst for
photocatalytic hydrogen production
H. Kmentova', M. Shahrezaei’, S.M. Hossein Hejazi', S. Kment'2

'CATRIN-RCPTM, Palacky University Olomouc, Czech Republic; 2CEET, VSB-Technical University of
Ostrava, Czech Republic

hana.kmentova@upol.cz

ABSTRACT

This work is focused on the development of novel nanodevices based on separated photoactive TiO»
nanotubes decorated with suitable co-catalysts in the forms of single atoms for hydrogen production
by photocatalytic splitting of water. In order to strongly anchor the co-catalysts on the surface of
semiconductors we will first controllably introduce surface oxygen vacancies by a thermal reduction
treatment. Since the precise control of the process is crucial for strong bonding of the co-catalysts as
well as for controlling its optimal loading, we will investigate the role of defects with respect to
physical, physicochemical, and functional properties of the nanotubes. We see a great potential of
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highly valuable scientific results since the combination of single atom co-catalysts with separated
Ti0; nanotubes photocatalysts has not been systematically studied.

KEYWORDS

TiO2 nanotubes, single atom, photocatalysis, hydrogen production

INTRODUCTION

The development of highly efficient energy conversion/storage devices has attracted great attention
from scientific and technological researchers due to the increasing concerns for the environment and
the depletion of fossil fuels. In this context, the development of cost-competitive materials capable
of producing fuels or electricity directly from the energy harvested from sunlight offers a desirable
approach towards fulfilling the need for clean, sustainable, and secure energy.

EXPERIMENTAL

TiO2 nanotubes were grown on Ti foil (0.125 mm, Advent, 99.6+%) via electrochemical anodization
technique using a typical organic electrolyte (Diethylene Glycol, 40 mL DI water, and 6 g ammonium
bifluoride (NH4HF)). Ti foil was anodized at 60 V for 3 hours at 40°C. Before anodization the Ti foil
was degreased by sonication in EtOH, acetone, and DI water sequentially, and then dried in a N2
stream. TiO2 nanotubes were then annealed in air at 450°C for 2 hours (heating rate 2°C.min-1). The
reduction process was carried out in a ceramic crucible placed in a tube furnace using hydrogen stream
(100 mL.min-1) at 450°C for 1 hour (heating rate 10°C.min-1). Annealed and reduced TiO> nanotubes
were immersed in 10 mL MeOH (50 vol%) solution containing diluted H2PtCle-6H2O solution in a
closed container for 24 h in dark. Before closing, the solution was purged with Ar to remove residual
gases, such as oxygen and nitrogen. After staying in dark for 24 h, the tubes were then soaked in
EtOH and DI water for 15 min each. Subsequently, the samples were dried in a N> stream. Then the
samples were subject of measuring the real hydrogen evolution due to photocatalytic water splitting.
The amount of hydrogen produced under irradiation and accumulating in the photoreactor will be
determined online by Gas Chromatograph coupled to a Mass Spectrometer (GC-MS).

RESULTS AND DISCUSSION

We successfully prepared the separated TiO» nanotubes, decorated them with single atoms of
platinum and we efficiently drove hydrogen production under solar light. We systematically
investigated the properties of pure TiO2 and TiO2/SAs composites through material characterization
using different spectroscopic techniques (HRTEM, EPR, XPS).
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Fig. 1. STEM elemental mapping of the Pt SA-loaded TiO, nanotubes fragment.

CONCLUSION

Our results show ability to anchor the platinum single atoms to the surface of TiO2 nanorods through
defects caused by thermal treatment in hydrogen atmosphere and their use in photocatalytic hydrogen
generation.
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A new insight into nanoparticle mobility
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ABSTRACT

The Brownian motion can be used to describe the nanoscale mobility using the principles of SMLS
(static multiple light scattering) and DLS (dynamic light scattering) and together with dedicated
algorithms provides the information about nanoparticle size. Furthermore it can be used to see the
migration of particles in the sample and phase transitions. This presentation will introduce the
portfolio of Cordouan Technologies, the new generation of time-resolved instruments range Vasco
using DLS and Thetis the first commercial instrument using the principle of depolarized DLS that
allows to measure the length and width of anisotropic particles. Formulaction instruments range
TurbiScan is focused on formulation stability (mean particle size and migration). Optic method
approach observing nanoscale mobility can be also used to see low energy phase transition and it is
very useful when describing thin layer formation (instrument range CurinScan).

KEYWORDS

Cordouan Technologies, Thetis, Formulaction, TurbiScan

INTRODUCTION

Cordouan Technologies is the French specialist of advanced solutions for characterization (size,
charge, etc.) ofnanoparticles and nanomaterials. Their unique product portfolio is issued
from patented and innovative technologies transferred from prestigious institutes: Institut Francais du
Pétrole (IFPEN), Karlsruhe Institute of Technology (KIT) or Institut Charles Sadron (ICS). Two
instruments will be further introduced. The Vasco Kin™ is a new generation of time-resolved
instrument for accurate kinetic analyses combined with an in situ and contactless remote optical head.
It allows to monitor in real time nanoparticles synthesis, agglomeration or the stability of suspensions.
With a single and continuous measurement, Vasco Kin™ gives access to all characterization data of
a reaction (size distribution, scattered intensity, correlogramms, etc.).

Thetis™ the latest nano-particle size analyzer from Cordouan Technologies represents a new step in
the DLS technique for nano-particle size analysis. For the very first time, an instrument allows to
measure easily length and width of anisotropic nanoparticles in a colloidal suspension. Anisotropic
particles movement can be divided into translational and rotational part providing two different
diffusion coefficients. The incoming light is polarized into vertical and horizontal direction. The
correlograms with advanced calculation mechanisms provide the lengt and width ratio of anisotropic
particles. The Thetis™ is the first instrument that combines the principle of SLS, DLS and DDL with
three different algorithms for nanoparticle size measurement.

Formulaction has developed solutions for each step of the formulator’s journey from formulation
(suspension, emulsion, dispersion, etc.) development to final product. Their analytical solutions allow
for directly and accurately measuring end use properties, such as (re)dispersibility, stability and shelf
life, curing and drying, gelation, sprayability and injectability without complicated sample
preparation and denaturation. Formulations can be used undiluted by not altering the product
properties. Structural properties of materials at rest can be described by difussing wave spectroscopy
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(RheoLaser™ instrument range), this technology allows to monitor gel formation, rheological
behaviours, network structure evolution and phase transitions.

TurbiScan™ range analysers are using SMLS the most appropriate method for native-state liquid
dispersions characterization. Stability and shelf life, dispersibility and particle size of any liquid
dispersions in concentrated and opaque samples without any stress/denaturation can be measured.
NMA (nanoscale mobility analysis) allows the following microstructure changes in formulas. The
high sensitivity of this measurement allows for identifying drying and curing mechanisms
(evaporation, skinning, packing, hardening etc.) and characteristics times (open time, dry surface, dry
through). This technology embedded in CurinScan™ range, is contactless and applicable on any type
of substrate (glass, metal, paper, wood, artificial skin etc.) from RT up to 250 °C with humidity
control.

CONCLUSION

Nanoparticle mobility can be used to describe important material properties. With Pragolab’s
(nano)particle dedicated portfolio including high quality and innovative instruments of Cordouan
Technologies and Formulaction, we can help you with academic research and industrial applications
(process monitoring, quality control, research and development).

Acknowledgments: This contribution uses the materials kindly provided from companies Cordouan
Technologies and Formulaction.
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ABSTRACT

Titanium dioxide (TiO2) is the example of material produced both in nano range and as a pigment
above the 100 nm threshold. The refractive index of any material dictates how particles of this
material interact with electromagnetic radiation. Measuring methods for particle size are numerous
and each gives its own value based on physical principles and limitations. Particle size influence the
optical properties of the material in the visible light range; therefore, particle sizing is important for
every TiO> producer. Electron microscopy is decisive method for estimating whether material is
nanomaterial or not but it is tedious and difficult to automate, therefore other methods are often used
despite of their limitations. We want to present difficulties resulting from poor understanding of
particle size measurement principles and differences which has to be considered when using various
particle size measurement methods.

KEYWORDS

Particle size measurement, TiO> properties, Safety
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INTRODUCTION

History of TiO; production for pigment use is more than 100 years old. During this time the
worldwide production increased from several thousand tons to more than 8 million tons per year. So,
the average worldwide TiO> consumption is around 1kg/person/year with spread of several grams in
developing countries to more than 3kg/person/year in USA or Europe. TiO; pigments can be found
mostly in paints and plastics and not only to give the white look but also to provide opacity for usually
transparent colour pigments.

TiO, as a material is not white but transparent! and its whiteness is due to combination of high
refractory index and small (optimal) particle size. As the refraction index is constant the only way
how to change the optical properties of pure TiO; is to change particle size so it is utmost importance
of any TiO2 pigment producer to understand priciples of particle size measurement.

Particle size and its measurement is source of great confusion even among experts. This presentation
is devoted to clarify some issues with particle size measurement, influence of particle size to optical
properties of TiO; and also to recently raised safety aspects of particulate materials including TiO-.

Most of TiO2 produced is used as a pigment (more than 90%) for quite a long time. TiO:
nanomaterials are mainly used for catalysis, as UV absorbers or as photocatalysts for approximately
50 years, however in last few years the safety of TiO; is questioned and especially in Europe the
tendency to ban or classify TiOz is strong mostly led by the fear of nanomaterials. The safety of TiO2
is taken seriously by all producers. The insolubility and inertness of TiO» is prerequisite for its safety.
The only way, how TiO; can interact with body tissues is therefore more or less mechanical and most
existing toxicological studies have positive effect only due to overload conditions or when some
artificial unnatural conditions are used in tests.

Recently the genotoxicology panel published” thorough overview which states that reviewed datasets
do not support a direct DNA-damaging mechanism for TiO> in either the nano or micro form. The
TiO; classification as carcinogen issued in delegated act 2020/217° was appealed in European court
and the judgement* both overruled the reliability of the study used as a base for classification and also
emphasized that such classification must be related to inherent material property following RAC
Opinion that the mode of action of TiO; carcinogenicity could not be regarded as intrinsic toxicity of
the material but is similar to any of materials which can be called poorly soluble low toxicity particles
(PSLT) materials. If such reasoning that all PSLTs have the same toxicological profile had been
accepted, all particulate materials should had been classified without further testing.

EXPERIMENTAL/THEORETICAL STUDY

There are numerous techniques for measuring particle size, some of them easy and some of them
quite tedious. Good overview can be found in results of Nanodefine project’. In principle each method
usually measures some property related to particle size like sedimentation speed, light scattering,
hydrodynamic behaviour and others. Special case is electron microscopy where particles are counted
and their area or dimensions are estimated. And this is the first source of confusion, each measurement
technique works naturally with specific weighting and results are difficult to recalculate from one
weighting to another. This is not so important in case of artificial particles with narrow size
distribution like metal or latex standards but is the utmost importance in case of technically produced
materials like pigment TiO».
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Brief overview of methods used to measure particle size
Laser scattering/diffraction

One of the most common methods. Requires suspension of particles in water or some other suitable
liquid. The sample has to be diluted, in case of TiO, pigment to rather great extent. Scattering of
electromagnetic waves by particles can be explained by Rayleigh or Mie theory®’. Intensity of
scattered light is proportional to sixth power of particle diameter. Each equipment producer has its
proprietary mathematical procedures of scattered light evaluation and therefore it is difficult to
compare results of real samples measured by different equipment. The other drawback is that there is
no proof that only primary particles are measured.

Dynamic light scattering

In principle, measured is decoherence of laser beam caused by moving particles due to the Brownian
motion of molecules. Big particles tend to move slowly whereas small particles are quicker so the
smaller are the particles the quicker is the decoherence of laser beam. This method is often used
especially for nanoparticles but the main drawback is similar to static light diffraction — complicated
mathematical evaluation, extreme dilution of the sample and inability to evaluate whether only
primary particles are measured. Above these drawbacks the method is also sensitive to presence of
big particles. On the other hand, due to the principle, results are closer to sedimentation methods then
in case of static light diffraction.

Sedimentation techniques

Any particle with higher density then surrounding liquid sediments due to gravitational force and the
sedimentation speed is given by Stokes law. The sedimentation velocity is proportional to the volume
and density of the particle (in case of laminar region) so the results are volume or mass weighted. The
particle concentration is measured by the light/Xray absorption and evaluated in time and space. The
recalculation from the measured signal is more straightforward and mathematical apparatus is
relatively simple. In case of optical detection and TiO> particles the sample must be diluted and the
method cannot evaluate if primary particles or agglomerates are measured. One of the drawbacks is
also limited range because big particles sediment quickly and may be lost before measurement and
small particles will not sediment within reasonable measurement time.

Electron microscopy (EM)

Electron microscopy is a method of choice when measuring if particles are in nano range or not due
to the fact that definition of nanomaterial is derived from number based primary particle size
distribution. Except for aerosols measurement, EM is one of few methods providing number based
minimum diameter and can detect primary particles. The problem is that this method is difficult to
automate and the sample preparation and the way how the images are evaluated greatly influences
the result, especially when dealing with broad particle size range material. The EM image size is
limited and due to geometric constraints, the bigger particles have bigger probability to cross the
image border then smaller particles and therefore are systematically undercounted.

Any method has its own strengths and weaknesses. Laser based methods are quick and easy to
perform but calculation of particle size is difficult in case of broad particle size distribution.
Sedimentation methods are more time consuming but give reasonable values for volume based
distribution. Electron microscopy gives number based particle size distribution but requires expensive
equipment, trained personnel and is time consuming. Although it is possible to recalculate one
distribution to another in principle, it is not recommended in practice as the results can be error prone.
The number based distribution to volume based distribution recalculation is probably easiest but still
not recommended. Especially considering low number of particles counted on both ends of particle
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size distribution the recalculation results are only approximate. One need to be also careful comparing
average particle sizes of one sample from different methods. In principle, numeric representation of
average particle size increases from number based to intensity based particle size distribution. It is
illustrated by example on Fig. 1, where number and recalculated volume based distribution of one
sample is compared.
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Fig. 1. Comparison of measured number based distribution (red) with calculated volume based distribution (blue) of the

TiO; sample.

RESULTS AND DISCUSSION

Optical properties of TiO2 result from its purity, refractive index and particle size. We evaluated how
primary particle size influence optical properties measured by ASTM D6131 — 97 in gray paste.

We prepared anatase particles with volume based average particle size from 20 nm to 250 nm by
calcination at temperatures from 200 to 1050°C and we measured tinting strength and undertone
(blue/yellow) shade. As seen from the Fig. 2 average diameter of particles with highest tinting
strength is between 130 and 220nm. Tinting strength sharply decrease above and below these
thresholds. This means that the particles of TiO> become more transparent for visible light with
decreased particle size and nano TiO2 cannot be used as colorant. The lower is the value of undertone,
the more yellow shade is obtained and undertones below 5 are usually not accepted. The optimum
particle size for pigmentary anatase TiO: is therefore in relatively narrow range 105 to 160nm
(number based).
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Fig 2 Influence of primary particle size (number based) on tinting strength and undertone of laboratory prepared TiO»

The importance of correct and precise particle size measurement by electron microscopy is underlined
by necessity of decision whether the material is nanomaterial or not especially from regulatory point
of view because REACH requirements for nanomaterials are more stringent.
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To illustrate the problems with electron microscopy we compared measurement of the same TiO»
sample from 6 different labs. It can be clearly seen that all three TiO> producer labs give consistent
results despite of different methodology for particle sizing. Results of other labs are much more
variable and both measurement methods of lab 5 put the measured sample to the nanorange.
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CONCLUSION

Particle sizing in sub micrometre range is not an easy task and requires good knowledge of all aspects
both in technical and theoretical part. Specific attention needs to be devoted when measuring real
technical materials which are agglomerated and has broad particle size distribution. Good example is
measurement of pigmentary TiO2 which has number weighted average particle size close to the
100nm threshold dividing nano and bulk (pigmentary) materials. The main problem with
interlaboratory comparison and measurement method development is the fact that there is no certified
reference material with above mentioned properties.
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ABSTRACT

Graphitic carbon nitride (g-C3N4) is one of the very promising metal-free photocatalysts with
semiconducting properties that has been intensively studied during the last decade. Its important
physico-chemical properties are high thermal, physical, and photochemical stability. G-C3N4 absorbs
visible light as a result of the band gap energy of about 2.7 eV. It can be prepared by physical or
chemical vapour deposition (PVD, CVD). However, a bulk synthesis from simple precursors by
methods focused on the thermal condensation of nitrogen-rich precursors, such as cyanamide,
dicyandiamide, melamine and so forth, allows for a high production at a low cost. However, in as-
prepared state, it suffers from certain disadvantages, such as namely low specific surface area and
fast recombination of photoinduced electron — hole pairs. They can be overcome by exfoliation [1],
forming of heterojunction composites [2], and doping, for instance, with non-metal elements, such as
sulphur, phosphorus [3], carbon, and oxygen [4]. Then, g-C3N4 can be used for various photocatalytic
reactions, such as degradation of organic compounds, evolution of hydrogen, decomposition of
nitrous oxide, reduction of carbon dioxide etc. This work summarizes some results of the
photocatalytic applications of g-C3N4 obtained during last several years.
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ABSTRACT

In order to maintain and preserve terrestrial ecosystems, a lot of concern has been rising around safer
and greener conditions, endeavoring the development of less polluting protocols.

This goal includes exploiting photons and electrons to prompt chemical reactions,’ as the progressive
reduction of precious metals while crafting catalysts’ active centers.>

On this leitmotiv, we propose the development of novel semiconductor interfaces between the earth-
abundant bismuth oxide and carbon nitride, discussing how different synthetic protocols can impact
on the hydrogen evolution reaction (HER) from ethanol photoreforming.

Upon slight modifications from the state-of-the-art literature,* we got core-shell Bi@BiO«
nanoparticles that were interfaced with carbon nitride before (composite B) or after (composite A) the
complete graphitization.
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Fig. 1. (a) TEM images (25k magnification) of the two composites presented and (b) their
hydrogen evolution rate.

Interface modifications induced a noticeable difference in terms of hydrogen production, with the
composite B performing approximately three times more than the other one.

These encouraging preliminary results are pushing us towards more ambitious fields, such as
photoreduction of CO2, known that similar interfaces have been demonstrated to be active under
electrocatalytic settings.*
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bismuth oxide, carbon nitride, solar fuels, photocatalysis

Acknowledgments: The authors acknowledge the European Commission (H2020 — LC-SC3-2019-NZE-
RES-CC - Grant No. 884444) for financial support.

REFERENCES

1. (a) Sportelli, G.; Boselli, T.; Protti, S.; Serpone, N.; Ravelli, D., Solar RRL 7 (2023), 2201008; (b) Melchionna, M.;
Fornasiero, P.; Prato, M.; Bonchio, M., Energy Environ. Sci. 14 (2021), 5861-5833; (c) Osterloh, F.E., ACS Energy Lett.
2 (2017), 2,445-453

2. Kaiser, S.K.; Chen, Z.; Akl, D.F.; Mitchell, S.; Pérez-Ramirez, J., Chem. Rev. 120 (2020), 12, 11703-11809

3. (a) Chen, M.; Li, Y.; Wang, Z.; Gao, Y.; Huang, Y.; Cao, J.; Ho, W.; Lee, S. Ind. Eng. Chem. Res. 56 (2017), 37,
10251-10258

4. Melchionna, M.; Moro, M.; Adorinni, S.; Nasi, L.; Colussi, S.; Poggini, L.; Marchesan, S.; Valenti, G.; Paolucci, F.;
Prato, M.; Fornasiero, P., ACS Appl. Energy Mater. 5 (2022), 11, 13356-13366

NanoOstrava 2023 107



Topic 2 oP

New advances in molecular (FTIR and Raman) microscopy and
nanoscopy
Karel Sec’, Adrian Cernescu?
"Nicolet CZ s.r.o0., Praha, 2attocube systems AG, Munich

sec@nicoletczc.cz

www.nicoletcz.cz

ABSTRACT

Scattering-type scanning near-field optical microscopy (s-SNOM) is the ideal technology to
investigate modern nanomaterials at the real nanoscale. SNOM technique combines highlights of two
worlds: high spatial resolution of Atomic Force Microscopy (AFM) and analytical power of optical
microscopy and spectroscopy (f.e. IR, FT-IR and Raman). By achieving an unmatched spatial
resolution below 10 nanometres this technology opens a new era for modern nano-analytical
applications such as chemical identification, free-carrier profiling and plasmonics near-field mapping.
We will introduce the basic principles of near-field microscopy for imaging and spectroscopy with
10 nanometres spatial resolution and address their impact and key applications in the field of
nanomaterial research.

KEYWORDS
SNOM, Raman, FT-IR, spectroscopy, microscopy

INTRODUCTION

Main limitation of FTIR and Raman microscopy for study of nanomaterials are its spatial resolution
limits. Usually is infrared (FTIR) microscopy limited by diffraction limit at approximately 10
micrometres and Raman microscopy around 400 nanometres. Spatial resolution of AFM is on the
other hand excellent, but mostly with no optical and chemical information.
So, there is logical need to combine analytical power of optical spectroscopy with high spatial
resolution AFM. Main focus of this presentation is introduction to this quite new research area via
description of some key applications.

EXPERIMENTAL/THEORETICAL STUDY

All examples in this presentation are performed with new line of nanoscopy instruments from German
company Attocube systems AG: neaSCOPE line (original company Neaspec was founded in 2007
by the world’s leading experts of near-field microscopy as a spin-off from the the Max-Planck-
Institute of Biochemistry).

RESULTS AND DISCUSSION

As a nano-analytical tool, there is a wide variety of application for SNOM: 2D materials,
semiconductors, nanowires, mineralogy, catalysis, polymer research, microplastics in environment,
Li-ion batteries research, Plasmonics, bio research etc. Development of new single widely tuneable
laser leads to unmatched possibility of fast measurement of infrared spectra (FTIR) in wide range

NanoOstrava 2023 108



Topic 2 oP

7140 — 540 cm with spatial resolution around 10 nanometres (only limitations are AFM tips
properties) and spectral resolution better than 4 cm™'. Imaging (or hyperspectral imaging) of samples
leads to comprehensive amounts of information about given samples from AFM map(s) and
spectroscopy images in one step of sample analysis. One of the newest additions for overall
nanomaterial research is correlative TERS (Tip Enhanced Raman) and nano-FTIR spectroscopy
mode using patented dual beam-path design. This option allows fast sample mapping/imaging, where
results includes FTIR images, Raman images and AFM modes images: all correlated in one
comprehensive results package (see Fig.1).

VIS s-SNOM + TERS/PL nano-FTIR
/ Dfetﬁtor \ '/ \
|J AFM tip
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Fig.1. Schema of new TERS / nano-FTIR system: IR-neaSCOPE*TERs

IR-neaSCOPE*TERs combines nano-FTIR with TERS and Photoluminescence (PL) spectroscopy for
an ultimate characterization using elastic and inelastic light scattering within the same microscope. It
allows for simple alignment procedure using complementary IR or visible scattering, which delivers
robust nanoscale Raman and PL performance even with standard metallized AFM tips.

s-SNOM applications examples described in presentation:

Chemical mapping of complex polymer nano-composite materials — Car tires
Nano / Microplastics in sea water, ice and snow

Detection of nanoscale domains in polymer brush monolayer(s)

Nano-IR (FTIR) measurements of soft organic biomaterials

Solar cells research

Quantum graphene dots

New Li-ion batteries quality control and future research (E.g. delithiation)

Probing structural changes in single enveloped virus particles
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CONCLUSION

Breaking diffraction limits of optical spectroscopy via combination with modern AFM technology
leads to new options for nano-imaging of many different kinds of materials and to better material
understanding in many different research areas. Focus of this presentation was on real examples of
application of this technology in variable research areas.
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ABSTRACT

The application of nanotechnologies and nanoparticles (NPs) is currently integrated into all human
activities involving engineering, the energy industry, medical and pharmacology, agriculture, and
other related disciplines. Before the widespread application of NPs in natural agronomic
environments, it is profitable to deal with the accompanying effects on morphological, physiological,
and biochemical pathways and reactions in plants under laboratory conditions. For a precise
evaluation, the germination test in interaction with nanoparticles could be provided as an ideal
alternative.

In this context, evaluating the type of nanoparticles, their concentration, stability, size, and other
physicochemical properties are appropriate. In general, the germination of seeds includes several
interconnected processes such as water absorption, initiation of metabolic changes, root growth and
the formation of the first leaves.

Currently, toxicological studies employed various metals and metal oxide nanoparticles such as ZnO,
TiO2, CeOs, Fe203, SiO,, CuO, Ag, Al, Cd, Cu, Pb etc., which were categorized into inorganic
nanoparticles. Here, zinc oxide is the most frequently used nanoparticle worldwide. Based on plant
essentiality, zinc corresponds to micronutrients, including photosynthesis, protein formation,
regulation of plant growth and development, and protection against environmental stress. Therefore,
the aim of the presented work was to determine the effect of nanoparticles containing zinc and using
different concentrations on the germination and initial growth of winter wheat (7riticum aestivum L.).
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From the results, it is evident that discrepancies were observed in the range of applied zinc NPs with
different concentrations to winter wheat in comparison with NPs free control. Certain trends were
observed in terms of germination and the length of the plants. However, this inspired us to elaborate
on the furthermore sophisticated experiment’s trials and methodologies for precise determination
mechanisms between the interaction of NPs and other commercial crops.
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ABSTRACT

Biofuel production from the platform molecules like Levulinic acid (LA) and furfural is highly
compelling. This study involves the synthesis of a bifunctional nanoporous Zr-phosphonate catalyst
and its effective utilization in the selective y-valerolactone (GVL) production via catalytic transfer
hydrogenation of LA. A 98.1% LA conversion with 98.2% GVL selectivity was observed using
isopropanol as H-donor. The synergic presence of acidic and basic sites on the catalyst favored the
formation of biofuel molecules like furfural ether and GVL under mild reaction conditions via tandem
furfural transformation. The catalyst afforded 93.4% furfural conversion with 50% furfural ether and
17.6% GVL selectivity in just 2 h. Almost complete furfural conversion with ~90% total biofuel
selectivity (65% GVL and 24.5 % furfural ether) was observed in 12 h. The improvement in the GVL
selectivity (82%) was realized by incorporating a Brensted acidic phosphotungstic acid alongside the
phosphonate catalyst. The structure-activity correlation and reaction mechanism were predicted by
integrating the catalyst optimization studies with the physicochemical characterizations and
poisoning tests. The fine tailoring of a single catalyst that enables a cascade transformation of furfural
to GVL will highly encourage the researchers and catalysis industries.

KEYWORDS

Cascade Transformation, Biofuels, Furfuryl ether, y-valerolactone

INTRODUCTION

The ever-increasing population has led to a high dependence on the fossil fuels for energy and
chemicals, elevating the oil prices. Intensive efforts are focused on the production of these chemicals
and fuels from the non-edible biomass. The development of sustainable and efficient technologies to
produce these biofuels is highly anticipated. Biodiesel, bioethanol, methylfuran, dimethylfuran,
various alkylated furanic ethers, y-valerolactone, and tetrahydrofurfural are examples of several such
molecules.! The octane number and energy density of the GVL are almost identical to the ethanol.
However, the low vapor pressure of GVL gives an added advantage making it easier to store and
transport. Moreover, GVL can be easily transformed into various hydrocarbons, making it extremely
important as a fuel additive. On a similar note, furfuryl ethers, produced via much cheaper protocols
than the methylfurans, have anti-knocking properties and are more ecofriendly than the methylfurnas.

The etherification of furfuryl alcohol to furfuryl ether and hydrogenation of levulinic acid/esters to
GVL occur under reducing environments. However, the production of these ethers and GVL from
readily available biomass derived molecules like furfural in a single pot can increase overall
efficiency of the reaction by reducing the losses that occur during purification steps. This not only
improves the process economy but also makes the transformation more sustainable.! Under the
reductive environment, FFA can be transformed to GVL via furfuryl ether. The earlier reported
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literature suggests the integration of two different catalysts or longer reaction time to produce GVL.*
3 Herein, we demonstrated the utilization of acid-base bifunctional nanoporous catalyst preliminarily
for the catalytic transformation of levulinic acid to GVL and later for the cascade conversion of FFA
to GVL via furfuryl ethers under miler reaction conditions.

EXPERIMENTAL STUDY
Synthesis of zirconium phosphonate (ZrNPO3) catalyst:

Nanoporous  polymeric ~ ZrNPO3 catalyst  was synthesized by a  reacting
nitrilotris(methylene)triphosphonic acid with ZrCls in DMF solvent under aging at 80 °C for 12 h.

Catalytic transfer hydrogenation of levulinic acid (LA)/Furfural (FFA) to y-valerolactone (GVL):

The catalytic transfer hydrogenation (CTH) of LA/FFA was carried using ZrNPOj3 catalyst in
Isopropanol as solvent-cum-H-donor under autogenous pressure.

RESULTS AND DISCUSSION

The physicochemical properties of the synthesized ZrNPOjs catalyst were thoroughly performed using
XRD, electron microscopy, elemental mapping, N2 adsorption-desorption analysis, FTIR, Pyridine
adsorbed FTIR, TPD, and XPS.

The preliminary studies for the catalytic transfer hydrogenation were carried using different Zr-based
catalysts like ZrO», ZrPO4 and ZrNPOs. Among different Zr-based catalysts, ZrNPO3 catalyst showed
the highest TOF during the CTH of LA giving a 98.1% LA conversion with 98.2% GVL selectivity
in 8 h under the optimized conditions. The kinetic profile for the CTH of LA using ZrNPOs catalyst
showed a pseudo-first order kinetics. The catalytic activity of the ZrNPOs3 catalyst was found to be
comparable to the hereto reported catalysts.

The cascade transformation of FFA to GVL was further evaluated using the different Zr-based
catalysts under the optimized reaction conditions. The high Lewis acidity of the ZrNPO3 catalyst
activated the >C=0 bond of the FFA/levulinate, favoring the reaction to proceed in the forward
direction, giving almost complete FFA conversion with 90 % selectivity towards the biofuels (65 %
GVL and 24.5 % furfuryl ether) at 180 °C in 12 h. The kinetic studies with time suggested a major
FFA conversion (93.4%) producing 50 % furfuryl ether, and 17.6 % GVL in just 2 h.

To evaluate the role of the acid-base sites in the catalyst, the catalyst was individually poisoned using
benzoic acid and pyridine as passivates. The poisoning experiments demonstrated that the GVL
selectivity was 6-7% more in the proximity of the pyridine than that involving benzoic acid signifying
the importance of the base which in synergy with the acid sites favor the formation of the GVL. The
catalytic optimization studies were combined with poisoning studies and the detailed
physicochemical characterization to acquire insight into the structure-activity correlation and reaction
mechanism.

CONCLUSION

A bifunctional acid-base inorganic-organic hybrid nanoporous ZrNPOj catalyst with high surface
area was synthesized and used to produce biofuel molecules using isopropanol as H-donor. High GVL
selectivity was obtained for the hydrogenation of LA. The catalyst was also efficient in the MPV
reduction of FFA producing furfuryl ether and GVL with combined selectivity of 90 % at 180 °C. A
high IPMF vyield (58.4 %) with only 11 % GVL was obtained in just 1.5 h at 180 °C. On allowing the
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reaction to proceed further, [IPMF was converted to subsequent products giving the highest selectivity
of 65 % for GVL in 12 h. The absence of the Bronsted acidity in the ZrNPO3 catalyst was responsible
for the incomplete furfural ether conversion. This fact was verified by the increase in the GVL
selectivity when a Bronsted acidic phosphotungstic acid was added alongside the ZrNPO3 catalyst.
The excellent catalytic activity and recyclability was attributed to the Lewis acidic Zr*" sites, presence
of basic sites from the phosphonates and large surface area with high pore volume. The facile catalyst
synthesis and the exemplified protocol to produce highly demanding furfuryl ether/GVL biofuel
molecules is highly beneficial to be practiced on an industrial scale.

Acknowledgments: This work was supported by SERB, India for the CRG grant (CRG/2020/000028) and
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ABSTRACT

The ability of various dyes to sensitize highly reactive singlet oxygen is a useful tool with potential
applications in synthetic photochemistry, environmental and medical fields, such as antibacterial
materials. However, for many of these applications, it is necessary to immobilize the photosensitizers
on solid carriers, which can pose a challenge due to molecular aggregation of the dye molecules,
leading to reduced singlet oxygen production.

This study investigates the relationship between molecular aggregation of two metalo-porphyrin-
based photosensitizers and singlet oxygen production efficiency in hybrid systems with synthetic
saponite Sumecton SA. We controlled the molecular aggregation of porphyrins by varying the
silicate/dye  ratio  (ndye/Msilicate - mmol/g) and/or by pre-modifying saponite with
cetyltrimethylammonium cation. In addition, we observed the phenomenon of adsorption-induced
emission caused by the planarization of metalloporphyrins on the smectite surface. This planarization
suppressed the non-radiative deactivation of molecules.

Overall, these findings provide insights into optimizing singlet oxygen production in photosensitizer
immobilization on solid carriers, which could have significant implications for the development of
new applications in various fields.
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INTRODUCTION

Photogenerated reactive oxygen species (ROS), such as singlet molecular oxygen (102) are a group
of highly reactive oxygen compounds that play a crucial role in the field of environmental chemistry.
They are involved in a range of chemical reactions, including the photooxidation of organic
substances in the environment. Therefore, singlet oxygen's unique ability to efficiently oxidize
organic pollutants has made it a valuable tool in the field of environmental technologies. In water and
wastewater treatment, 'Oz can be used to eliminate organic pollutants from contaminated water
sources because 'O, can oxidize a wide range of organic compounds, such as pesticides,
pharmaceuticals, and dyes, making it an effective treatment method for various water pollutants.

10, is commonly prepared through a process known as photosensitization, where organic molecules
such as porphyrins or phthalocyanines are used as photosensitizers. After photoexcitation of the
photosensitizer molecule to its excited triplet state, it can transfer its excitation energy to ubiquitous
molecular oxygen leading to 'O, formation. !

The use of 'O, in environmental technologies is limited by several factors, including low quantum
yields, low selectivity of reactivity, and the need to remove the photosensitizer from purified water.>

One solution to the limitations of 'O in environmental technologies is to fix the photosensitizer
molecule on a solid support, such as layered silicates like smectites.> Adsorbing organic dyes onto
the smectite surface under suitable conditions, the molecular aggregation of dyes can be suppressed,
which can effectively control the photosensitization quantum yield. In addition, an observed
phenomenon of adsorption-induced emission, where the adsorption of the photosensitizer onto the
smectite surface can lead to a suppression of non-radiative relaxation of the excited state and,
therefore, an increase in the quantum yield.* Another benefit of fixing the photosensitizer molecule
onto solid support is that the modified smectite can also act as an organic pollutant adsorbent in the
system. This can increase the selectivity of the 'O, reaction because the organic pollutant becomes
more accessible to 'O,. The aim of the work is to study the effect of the fixation of two
metalloporphyrins on the smectite surface on their ability to produce singlet oxygen.

EXPERIMENTAL/THEORETICAL STUDY

The synthetic layered silicate Saponite Sumecton SA (Sap), known for its small particles and lower
cation exchange capacity (CEC - 0.73 + 0.02 mmol . g'!) was used. This saponite was therefore
modified by cetyltrimethylammonium bromide (CTA™) to 50% of the CEC of Sap. This surfactant is
a modifier that changes the hydrophilic surface of Sap to a hydrophobic one, allowing the adsorption
of neutral organic molecules through hydrophobic interaction. The Sap/CTA" (0.4 g of Sap) was
modified by the aquatic solution of Pt (II) meso-Tetra (N-Methyl-4-Pyridyl) Porphyrine
(PtTMPyP*") or Pd (III) meso-Tetra (N-Methyl-4-Pyridyl) Porphyrine (PdTMPyP*") of
concentrations of 1 x 10~ mol . dm™, to achieve the dye/Sap ratio of 0.1; 1; 5; and 10% of CEC of
the Sap. The hybrid suspensions were stirred for 24 h at room temperature and subsequently were
centrifuged and dried for 24 h at 50°C. Subsequently, the samples were manually crushed using an
agate mortar. Thus, the samples were prepared for characterization and further experiments.

By the same procedure, the sample of Sap (0.4 g of Sap), but without modification by CTA™ was
modified by PtTMPyP*" or PATMPyP*', respectively.
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Prepared materials were characterized by XRD and IR techniques to understand the structure and
basic properties. The UV-Vis absorption spectroscopy and fluorescence spectroscopy were used to
analyze the effect of dye/Sap interaction on the spectral properties of the porphyrin dyes.

The generation of singlet oxygen was tested using the sensor molecule antracenediyl-bis(methylene)
dimolonoic acid (ADMA), which can be decomposed by reaction with singlet oxygen, which can be
measured using UV-Vis spectroscopy.

RESULTS AND DISCUSSION

Our experimental results showed that the most effective production of singlet oxygen was observed
in samples with the lowest loading of photosensitizer on smectite. We attribute this to the suppression
of molecular aggregation of the dye, which can lead to a decrease in the efficiency of singlet oxygen
production. Furthermore, our results confirmed the phenomenon of increasing the quantum yield of
singlet oxygen due to adsorption-induced emission. In addition to loading, we found that
premodification of smectite with a surfactant also had an effect on dye aggregation. The surfactant
modification further suppressed molecular aggregation, leading to an increase in the efficiency of
singlet oxygen production. However, it should be noted that all prepared samples effectively degraded
ADMA within 3 hours.
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Fig. 1. a) The absorption spectrum of Saponite samples with PATMPyP#" with (SCPd) and without (SPd) CTA*
modification with the loading of 0.1. b) The decomposition rate of ADMA.

The adsorption efficiency of the ADMA molecule after 3 hours was measured as well. We found that
Saponite alone did not show significant affinity towards ADMA. However, when Saponite was
modified with porphyrin dyes, a weak level of adsorption was observed.

Interestingly, a significant increase in ADMA adsorption efficiency was observed when Saponite was
pre-modified with the addition of CTA*. While the difference in aggregation between the compared
samples with and without the addition of CTA" was not significant, we hypothesize that the higher
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efficiency of ADMA decomposition observed in the modified samples is likely due to its higher
adsorption.

AL9E~M
T

Fig. 2. Adsorption of ADMA after 3 hours.

The increased adsorption of ADMA on the modified Saponite samples may make it more accessible
to singlet oxygen, leading to more effective degradation of the organic pollutant. These results suggest
that pre-modification of Saponite with CTA" can enhance the adsorption and degradation of organic
pollutants, making it a promising approach for environmental technologies.

CONCLUSION

The most effective production of singlet oxygen occurred in samples with the lowest loading of
photosensitizer on smectite, which was attributed to the suppression of molecular aggregation of the
dye. The study also confirmed the phenomenon of increasing the quantum yield of singlet oxygen
due to adsorption-induced emission. The pre-modification of smectite with a surfactant was found to
suppress molecular aggregation and increase the efficiency of singlet oxygen production as well as
enhance the adsorption of ADMA, which led to more effective degradation. All prepared samples
effectively degraded ADMA within 3 hours, with modified Saponite samples showing higher
efficiency due to increased adsorption capacity.
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ABSTRACT

The optical properties of gold nanoparticles (AuNPs)substrate were obtained by adjusting the number
of nanoparticles inside every anodic aluminum oxide (AAO) nanopore. AuNPs was embedded into
nanopores with the assistance of ultrasonic wave. The UV-Vis absorbance spectra were clearly red-
shifted when increasing AuNPs per nanopore from monomer M1 (N = 1) to clusters of M2 (N =3 +
1), M3(N=5+1),and M4 (N =7+ 1). COMSOL simulation results based on 2 nm nanogap distance
among AuNP in nanopore which also consistent to the experimental absorbance of gold substrates
with approximately 2nm length of Oleylamine ligand covering AuNP. The more hotspot occurred by
elevating the nano number of nanoparticles which catalyze the coupling of 4-nitrobenzenethiol (4-
NTP) to p,p’-dimercaptoazobisbenzene (DMAB) under 633 nm illumination. The Raman peak
positions of DMAB were gradually appeared at M3 and become stronger for M4. Our process for
fabricating the plasmonic substrate should be meaningful for adjusting photocatalysis by tuning the
numbers of nanoparticles inside nanopores.

KEYWORDS

Hot electrons, Metal nanoparticles, Photocatalysis, Raman spectroscopy.

EXPERIMENTAL/THEORETICAL STUDY

To prepare AuNPs!, HAuCls (70 mg) was dissolved in toluene and oleylamine (1:1.2, v/v). Then, the
solution was quickly injected into a preheated (80 °C) mixture of toluene and oleylamine (10:1, v/ v)
and refluxed at 120 °C for 2 h. After that, AuNPs were collected and purified by centrifugation and
stored in toluene. The whole reaction cycle was repeated three times and five times to obtain the
AuNPs of diameters of ~28 and ~43 nm, respectively.

To fabricate AAO templates®, as-annealed aluminum foils were chemically electropolished in
solution of perchloric acid and ethanol (1:5, v/v) at 5 °C and 15 V. The first anodization was
performed in a 0.3 M oxalic acid solution at 10 °C, 40 V for 7 h and was then etched away by a
solution of phosphoric acid and chromic acid. The length of AAO nanopores was controlled by the
second anodization under the same conditions as the first anodization. The diameter of the nanopores
was adjusted by a pore-widening step in phosphoric acid (5 wt %) at 30 °C.

AuNPs and AuNPs@AAO substrates were characterized using a field-emission scanning electron
microscope (FE-SEM, JSM 7500F, JEOL), transmission electron microscope (TEM, Tecnai G2 F30,
FEI). The UV—vis absorption spectra were obtained using a Shimadzu UV-3600 plus spectrometer
equipped with an ISR 603 integrating sphere attachment. The Raman spectra were recorded by a
Renishaw RM 1000 micro spectrometer and the laser spot diameter was ~2 pum diameter. Finite-
difference time domain (FDTD) numerical simulation was performed using a Lumerical software to
yield the scattering and absorption spectra of the AuNP aggregates including the electromagnetic
enhancements between the nanogaps. NBT and DMAB calculations were performed via GAUSSIAN
09 at the B3LYP level with either 6-31G(d) basis set or the LanL.2DZ basis set for the Au atoms.
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RESULTS AND DISCUSSION
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CONCLUSION

AuNPs were facilely inserted into the AAO nanopore by ultrasonication method. The number of
AuNPs in every AAO nanopore could be changed though controlling the size of AuNPs or the
dimension of the AAO nanopore. All of the AuNPs substrates exhibited high reproducibility and
stability for SERS detection and photocatalytic reaction by taking advantage of the plasmonic effect
of substrates.
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ABSTRACT

PVDF (polyvinylidene fluoride) is a semicrystalline thermoplastic fluoropolymer with good
mechanical and chemical resistance and piezoelectric properties. PCL (polycaprolactone) is a
thermoplastic polyester often used for its good biodegradability and biocompatibility. Both polymers
have been studied in detail, but little is known about their properties in composite materials or
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mixtures. Therefore, this work focused on interaction between these polymers and their structural and
phase properties. Composite films based on PVDF/PCL were prepared using hydraulic presses at
different low temperatures. They were prepared from pure PCL thin films and PVDF thin films, some
of which were modified with vermiculite in the amount of 1 wt% and 3%. These composites were
then characterized by optical microscopy (OM), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), and
thermogravimetry (TGA). The prevailing phase of PVDF was observed to be a for unmodified layers
and vy for those that were modified.

KEYWORDS

PVDF/PCL composites, vermiculite, structural properties, phase properties.
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ABSTRACT

The development of composite nanofibrous sorbents for CO; capture is primarily based on surpassing
the already achieved values of sorption capacities for this important greenhouse gas. However, in this
race to achieve the highest sorption values, very important issues related to real-world applicability,
such as the simplicity, portability, usability and economic returns of such materials, are neglected.
This research does not forget these important issues, and in this spirit, electrostatic softening of
polyurethane (PUR Larithane) with a mixed amine TETA/TEPA modification was used to achieve
them, meaning that both the electrostatic softening itself and the modification of the nanofibers were
carried out in a single step. Not only due to computer modelling predicting the resulting interaction
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nature between the polymer and modifier, a 10 times more breathable PUR/TEPA 5 wt.% nanofibrous
material was successfully designed and softened simultaneously with 5 times higher CO> sorption
capacity compared to the unmodified PUR nanofibrous membrane. Thus, this work provides a matrix
and technology that is readily industrially transferable with the potential application of cyclic CO»
capture.

KEYWORDS
CO» adsorption, Electrospinning, Sorption capacity, Solid supported adsorbent

INTRODUCTION

Carbon dioxide and other greenhouse gases are released into the atmosphere, causing changes in the
Earth's climate. Many research groups are focusing on finding ways to capture and reduce CO:
emissions. There are various methods of capturing CO2, such as absorption technologies in liquid
media, adsorption technologies using solid materials and membrane separation technologies.
However, not all methods are effective both in terms of CO> sorption and energy consumption. For
example, the amine purification method is very effective in capturing COz, but is energy intensive
and potentially hazardous. On the other hand, there are also membrane technologies/materials
available where nanofibrous materials have their penetration, which are economically, health and
often environmentally friendly, but generally not as effective against liquid CO2 capture technology.
To address this shortcoming, most published methods use carbonization of polymeric nanofibrous
materials to achieve excellent sorption capabilities that can be further enhanced by subsequent
activation. However, the disadvantage of these technological approaches is the resulting sorption
medium in the form of a powder in addition to the high number of technological steps. This
complicates the design of a functional unit operating in the waste gas stream. Therefore, this work
focuses on the development of permeable CO»-absorbing membranes based on chemically modified
polymer nanofiber membranes prepared by one-step electrospinning technology, i.e. the modifying
agent is added directly to the solution during spinning. This technology, hence the material, strikes a
balance between economical, application transferable and functional levels for targeted CO: capture
with potential for cyclic process repeatability. For the spinning technology, we have chosen a wire
spinning technology (nanospider technology) that is easily transferable to industrial production lines.

EXPERIMENTAL/THEORETICAL STUDY

One-step electrostatic membrane preparation and modification

Nanospider electrospinning technology (needle-free elspin. technology) using a wire as a spinning
electrode was used. The most used technology using free-surface spinning electrodes is collectively
assigned to the device called Nanospider, which in its earliest form worked with a spinning electrode
in the form of a conductive cylinder, later replaced by wire to better control the fiber dimeter.
Nanofiber membranes have been prepared using wire electrospinning technology with a commercial
NanospiderTM NS 1WS500U device from Elmarco. One-step technology has been used in present
work that means modifying agents (TETA, TEPA amines) were dissolved in spinning solution. This
process can generally be referred to as blend electrospinning.

Membrane characterization methods
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The prepared samples of the PUR/TETA and PUR/TEPA membranes were characterized with a series
of analytical methods: scanning electron microscopy (SEM), X-ray diffraction (XRD) analysis,
hydrophobicity, electrokinetic analysis of surface chemistry, NMR analysis, and air permeability
measurements. Atomistic molecular simulations were used to elucidate the interactions of polymer
amines. Finally, CO sorption tests were performed to determine the sorption capabilities of the
formed nanofibrous materials with respect to COa.

RESULTS AND DISCUSSION

By comparing the SEM images in Figure 1, we could conclude that both amines led to changes in
fiber morphology, i.e., significant decreases in fiber diameters (Table 1) and the straightening of the
fibers (Figure 1b,d). With increasing amounts of applied amine, one can see a higher concentration
of defects in the form of spindle fibers and continuous layers of material (Figure 1c,e). This negative
effect of amines on the fiber structure is more pronounced in the case of the TETA amine. These
changes in fiber morphology, and consequently, in membrane structures, are due to the chemical
modifications that resulted in significant increases in air permeability in Table 1, measured under the
standard conditions of a test area of 20 cm? and a constant pressure gradient of 100 Pa.

Fig. 1. Original SEM images (a) pristine PUR; (b) PUR/TETA (1 wt.%); (¢) PUR/TETA (5 wt.%); (d) PUR/TEPA (1
wt.%); (e) PUR/TEPA (5 wt.%).

Table 1 summarizes the values of the fiber diameters, air permeability, and CO2 sorption capacities
for the measured samples, and it is evident that the chemical modifications increased the air
permeabilities. It can be seen that the chemical treatment led to a significant increase in the sorption
capacity and, at the same time, an increase in air permeability compared to the pure PUR membrane.
The maximum sorption capacity for the PUR/TEPA sample (5 wt.%)~13.9685 cm3/g was
accompanied by a reduction in air permeability compared to other modified samples (Table 1).

Table 1. Average values of the nanofiber diameters (in nm) obtained in the MMD measurements and air permeability for
the pristine PUR membrane and the TETA- and TEPA-modified amine membranes (1 and 5 wt.%) and the CO> sorption
capacity in g/cm? (third column).

Sample MMD Nanofiber Diameter Air Permeability CO: Adsorbed
(nm) (m/s) Volume (¢cm?®/g)
PUR 290 + 37 0.002 £0.0002  2.7+0.9
PUR/TETA (1 wt.%) 170 +24 0.05 + 0.004 8.1+1.9
PUR/TETA (5 wt.%) 164 +35 0.13+0.02 8.09£2.0
PUR/TEPA (1 wt.%) 174 +40 0.08 £0.01 6.8+1.8
PUR/TEPA (5 wt.%) 166 +45 0.02 + 0.003 13.9+2.3
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The XRD structure analysis confirmed the crystallization of PUR during the spinning process (Figure
2). The diffraction profile at 26~20° corresponds to the parallel arrangements of the PUR chains in
the fiber axis. This position of the main peak for PUR Larithane is shifted to a lower angle in
comparison with the XRD profiles for electrospun polyamide(6)> and polyvinylidene fluoride®,
indicating the higher space requirement for PUR Larithane chains due to their larger volume
(isophorone diisocyanate and one hexane-1,6-diol). Electrospun membrane samples are always
strongly textured, which means that the diffraction profiles corresponding to the crystallographic
planes perpendicular to the fiber axis are missing. In addition, the large width of the diffraction
profiles shows very small PUR crystallites, which means no observable reflections were present at
high 260 angles. The intensity of the XRD profiles decreased with an increasing amine concentration,
as the amount of crystalline PUR decreased in samples due to the lower fiber diameters. In the case
of the PUR/TETA samples with 5 wt.% of TETA, the diffraction profile exhibited additional peaks
corresponding to crystalline TETA. The crystallization tendency of TETA affected the surface
morphology of the modified fibers and reduced the values of the sorption capacity for PUR/TETA (5
wt.%) in comparison with PUR/TEPA (5 wt.%).
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Fig. 2. Diffractograms (CuKa) comparing the structural characteristics of the unmodified PUR membrane with the
membranes modified with amines TETA (left) and TEPA (right).

Based on the above findings from SEM and XRD anlysis, a more challenging high-resolution SEM
(HRSEM) analysis was performed on the PUR/TEPA samples, which revealed other interesting
features of the membrane structure (Figure 3). The amine-modified PUR nanofibers showed a
tendency to stick together in bundles and at higher concentrations these bundles formed continuous
surfaces. This behaviour has not been observed with short amines or other modifiers®** and suggests
the importance of polymer-modifier and modifier-modifier interaction energy on membrane
structure. Therefore, we used molecular modelling (force field calculations) to analyze the
intermolecular interactions in the PUR/TETA(TEPA) samples and to elucidate the effect observed in
the HRSEM analysis (Figure 3).
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Fig. 3. HRSEM images (a) pristine PUR without the occurrence of glued parallel fiber bundles or fused bands and
layers; (b) PUR/TEPA (1 wt.%). A distinct characteristic feature of this sample is parallel bundles of fibers alternating
with an irregular network; (¢) PUR/TEPA (5 wt.%). After increasing the TEPA concentration to 5 wt.%, the individual

fibers were fused into continuous strips and layers.

Based on the PUR structure determined with the NMR spectrum!, one segment of the model chains
consisted of one isophorone diisocyanate (the solid part) and one hexane-1,6-diol (the soft part)
(Figure 4, left part). A number of PUR chains with different numbers of segments were built, and the
Ejn values for TETA and TEPA with each of these chains were determined.

The predominant component of the interaction energy of PUR-TETA/TEPA belonged to the
hydrogen bonding between the functional groups on both of the interacting subjects, where the key
factor was the distance of the functional group pairs in both the amine and PUR chains (Figure 4, left
part).

The structural similarity of the distances of the functional groups in the PUR and TETA(TEPA)
structures drove the amines to energetically advantageous positions, more or less parallel to the PUR
chain (Figure 4, right part). Figure 4 (right part) illustrates two models for two extreme mutual
positions of the PUR and amines, corresponding to the maximum absolute values of the interaction
energies for the parallel- and cross-positions. A large number of functional groups guarantees
considerable interaction energies even for cross-positions and provides a chance to connect the chains
and nanofibers to each other, i.e., to facilitate the cross-linking of the membrane and its subsequent
mechanical strengthening.
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Fig. 4. Left part - Functional groups’ distances in geometry optimized (a) TETA, (b) TEPA, and (¢) PUR models used
for the docking calculations. In the case of PUR, all segments in all PUR models were measured, and the average
distance values, along with the standard deviations, were determined. Right part - Mutual positions of
PUR/TETA/TEPA corresponding to their maximum interaction energy for two extreme mutual positions, i.e., parallel
and crossed. The atoms of the functional groups sharing hydrogen bonds are displayed as balls. For clarity, the carbon
atoms in the amines are black.
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Consequently, the models containing two PUR chains (78 segments each) and the number of amines
corresponding to the amount provided by weight percentage (1 or 5 wt.%) were prepared for energy
optimization. The models containing amines exhibited higher absolute values of interaction energies
compared to models containing only two PUR chains without amines (Table 2). For 5 wt.% of amine,
~18 and ~14 molecules of TETA and TEPA, respectively, belonged to two PUR (78 segments) chains
(Table 2). The decrease in the Ejx (i.e., the enhanced strength of interactions) compared to the models
containing only two PUR chains is evident. Table 2 clearly shows that the presence of amines on the
PUR fiber surfaces increased the interaction energies of the fibers and explains the sticking of fibers
observed with the HRSEM (Figure 3).

Table 2. Models of two PUR chains (78 segments each) with different amounts of amines expressed by the number of
molecules and weight percentages. The interaction energies (Ein¢) of two PUR chains with different amounts of amines
are provided in the third column (Eiy values for the same models without amines are provided in parentheses).

Sample Amine (wt.%) Eint (kcal/mol)

2PUR (78 seg) 0.00 -1959 +21

2PUR (78 seg) + 4TETA 1.13 -2152 + 32 (-1977 + 25)

2PUR (78 seg) + 3TEPA 1.10 -2153 + 30 (-1939 + 20)

2PUR (78 seg) + 18TETA 491 -3038 + 47 (1951 + 22)

2PUR (78 seg) + 14TEPA 4.94 —2982 + 41 (-1971 + 22)
CONCLUSION

The goal of this work was to prepare an electrospun membrane for CO> sorption that is air permeable.
The combination of these two properties, i.e., the maximum CO: sorption capacity and air
permeability, would significantly simplify the design of functional units for practical use. Another
important requirement is the one-step spinning technology, i.e., modifying substances directly in the
spinning solution so that no subsequent technological steps are necessary. The sample PUR/TEPA (5
wt.%) was shown to meet this condition with a sorption capacity 5 times higher and air permeability
10 times higher than pure PUR membranes. Increasing the concentration above 5 wt.% hindered the
spinning process. This work confirms the influence of mutual intermolecular interactions on the
structure and properties of chemically-modified membranes and shows the usefulness of computer
design in the case of chemically-modified nanofibrous membranes. The technology proposed in this
work is easily transferable to industrial production lines. On the other hand, even the technology used
by us has its limits, which were achieved in this work, so future research must be focused on
modifying the spinning technology so that we can prepare porous nanofibers with a rough surface
using special additives dissolved in the spinning solution to increase the total surface area of the
fibers. We would still be looking for single-stage technology and reasonable air permeability.
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ABSTRACT

Aplenty of media discussion run over the interchangeability of various norms for assessment of textile
materials used for facemasks and respirators during the Covid-19 pandemic. The main panelists were
sales representatives of large melt blown producers, several producers of nanofibers and of course
politics. Discussed are picked European, American and Chinese standards used for testing of
facemasks and respirators. Some aspects of applied measurement conditions and their influence on
consequent properties (first filtration efficiency and pressure drop) are presented. Results obtained by
measurements in accordance with different standards (it unfortunately means at different conditions)
are not interchangeable.

The positive effect of nanofibers presence in filtration materials for facemasks and respirators is
demonstrated on improvement of their filtration efficiency and pressure drop. Improvement of
filtration characteristics can be reached by preparation of nanostructures combining layers made from
thick and thin nanofibers. Such a nanostructure possesses filtration efficiency at maximum
penetrating particle sizes (MPPS) about 98% in comparison with nanostructure made from thin
nanofibers (70% only). Of course, the pressure drops of both compared nanostructures were the same
- around 152 Pa.

KEYWORDS

Covid-19, standards, electrospinning, morphology of nanostructures
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INTRODUCTION

The medical staff were using surgical masks in the beginning of pandemic Covid-19, which suit the
requests of standards e.g. Chinese (YY 0469) and European (EN 14683:2019). Both of these
standards work with bacteria sizes of 3 000 nm, which is unfortunately 30 times higher than the size
of coronavirus SARS-CoV-2 (Fig. 1, virus size 80 through 150 nm in base — without any cover by
salts and enzymes) and cannot be applied. In the beginning of pandemic a lot of facemasks and
respirators on the market were made of poor quality materials and the
facemasks properties measured in accordance with standards did not
respond requested values. Most of the standards for characterization of
filtration materials in use during the pandemic were working with
penetration of particle sizes around 400 nm (e.g. European EN 149-2001
and Chinese GB 2626-2006). Since the 1970s, with the availability of
discrete particle counters, new standards for testing HEPA and ULPA
filters have been developed. The best test methods for evaluation of
protection against coronavirus penetration through air filtration materials
Fig. 1. SARS-CoV-2 are in accordance with American IEST-RP-CC 001, European EN
1822:2009 and EN ISO 29463 which work with interception of particle

sizes tens through hundreds nm.

Application of nanofibers! in air filter media improves the most requested filtration properties —
increasing the filtration efficiency simultaneously with decreasing of pressure drop?. Membranes
prepared from interpenetrating and layered electrospun nanofibrous composite structures were used

also for water purification’.

EXPERIMENTAL

For the spinning process in electrostatic field the solutions of polyvinylidene fluoride (PVDF) Kynar
Flex 2801-00, ARKEMA, PA, USA and polyurethanes (PU) Elastolan B 95 A, BASF, Germany and
Permuthane SU-22-542, STAHL, The Netherlands) were prepared. PVDF solution in dimethyl
formamide (DMF) possessed mass concentration of 20 %, viscosity of 1.5 Pa.s and electrical
conductivity of 80 uS.cm™. PU solution for preparation of thin fibers was prepared from PU Elastolan
B 95 A in DMF with concentration of 18 % by weight, viscosity of 1.3 Pa.s and conductivity of 230
uS.cm™. PU solution for preparation of thick fibers was made from PU Permuthane SU-22-542 in
mixture of DMF and toluene (80/20) solvents with concentration 19 % by weight, viscosity 1.5 Pa.s
and conductivity 55 uS.cm™. The electrical conductivity was adjusted in all cases by means of sodium
tetraborate decahydrate and citric acid.

Nanostructures were prepared from polymeric solutions by means of electrospinning machine
SpinLine 40 (SPUR Zlin, Czech Republic) equipped with 2 lines of nanofibers forming nozzles. The
used experimental conditions for PVDF nanofibers preparation were: temperature 22—-24°C, relative
humidity 31-34%, applied electric voltage 75 kV, dosing of polymer solution 2.3 ml.min"!, distance
between electrode 180-210 mm, speed of substrate collecting nanofibers varied from 0.2 to 1.0
m.min™! in context of requested basis weight preparation. The experimental conditions for PU
combined layered nanostructure preparation were as follow: temperature 23°C, relative humidity
32%, applied electric voltage 60 kV, dosing of polymer solution 0.9 ml.min™!, distance between
electrode 210 mm, speed of substrate collecting nanofibers 1.0 m.min™'. Layers of thick and thin
nanofiber were made by supplying of two various PU solutions separately in first or second spinning
line respectively. Nanofibers were collected on polypropylene (PP) nonwoven textiles with basis
weight of 30 g.m™.
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Filtration materials were characterized by scanning electron microscopy (SEM, Vega 3, Tescan,
Czech Republic), assessment of mean fiber diameter by means of ImageJ program and determination
of nanostructure basis weights. Pressure drops (p) and filtration efficiencies were evaluated on
protective mask filter tester PALAS PNFT 1000 (Karlsruhe, Germany).

RESULTS AND DISCUSSION

Overview and critical survey of standards for characterisation facemasks and respirators
properties

Compared are the two most important standards used during the pandemic in Czech Republic -
European EN 149-2001 and Chinese GB 2626-2006. Values presented in Table 1 are corresponding
to requests of classes FFP2 (EN standard) and KN95 (GB standard) respectively. Unfortunately, both
of them work with different particle sizes (aerosol of NaCl has been used), testing and evaluating
conditions (Table 1).

Table 1. Comparison of standards for facemasks and respirators.
EN 149- GB 2626-

Standard / Followed

Property 2001 2006 Differences Conclusions

MMAD" particle size (nm) 600 300 Different ways of Along BG - easier
capture measurement intersection of aerosol

Filtration efficacy (%) >94 > 95 EN at 95 1/min EN is stricter, it is easier
GB at 85 I/min to fulfill GB

Pressure drop (Pa) <240 <300 Various shapes of EN is severer and EN is
testing heads measured at flux 95 I/min

comparing GB (85 I/min)

*MMAD — mass median of aerodynamic average

We can conclude that test results according to the compared standards are comparable but not
interchangeable and that there does not exist uniform standard for evaluation and consequential
comparison of filtration materials. For the assessment of filtration materials in terms of protection
against bacteria and viruses, the standards working with filtration efficiency in the area of ultrafine
particle separation (at least 20 through 400 nm) have to be used, e.g. American IEST-RP-CC 001,
European EN 1822:2009 and EN ISO 29463 which measure and evaluate properties of HEPA and
ULPA filters. Unfortunately, the test results provided in accordance with these standards on filtration
materials applied during pandemic were rather sporadic, frequently were disparaged and deliberately
misinterpreted.

Effect of nanofibers on filtration properties

Filtration efficiencies in the area of ultrafine particle separation measured according to EN 1822 for
PVDF nanostructures with various pressure drops are depicted in Fig. 2. Nanostructured materials
ensured very good filtration efficiencies at low pressure drops. The mean fiber diameter was 155 nm.
The values were measured at flux 95 l.min"! and corresponding face velocity 19 cm.s”'. While
respiration intensity at flow 30 Lmin™' (face velocity 5.7 cm.s™!) corresponds to breathing at normal
walk, respiration intensity at flow 95 l.min™!' (face velocity 19 cm.s') corresponds to breathing at
running. It is rather surprising that even very low area mass (0.06 g.m™, Fig. 3) is already capable
capture of more than 10% of ultra-fine particles. With lower pressure drop the filtration efficiency is
decreasing.
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Fig. 2. Filtration efficiencies of PVDF nanostructures with Fig. 3. Straight PVDF nanostructure, p = 8 Pa
various pressure drops. Measured at flux 95 1.min"! and basis weight = 0.06 g.m? only, magnification 5
corresponding face velocity 19 cm.s™.. 000x.

Effect of combination layers from thick and thin nanofibers on filtration properties

+«p=151Pa
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Fig. 4. Filtration efficiencies of PU nanostructures prepared from  Fig. 5. Combined nanostructure from alternating
nanofibers with mean fiber diameter 170 nm and bimodal layers of thick and thin nanofibers, p = 151 Pa,
nanofiber distribution at 170 nm and 350 nm respectively. basis weight = 0.65 g.m, magnification 5 000x.

Two PU nanostructures with the same pressure drops (151 and 154 Pa) but different morphologies
are compared in Fig. 4. Nanostructure with mean fiber diameter of 170 nm (red points) and area mass
of 0.35 g.m exhibit worse filtration efficiency than nanostructure in Fig. 5 with area mas of 0.65
g.m? (blue points) formed by 6 layers of alternating thick (mean fiber diameter 350 nm) and thin
nanofibers (mean fiber diameter 170 nm).
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CONCLUSION

Nanostructures prepared from nanofibers are gradually becoming increasingly demanded materials
for applications in air filter media for separation of ultrafine particles, bacteria, fungi, yeasts and
viruses from the air. Prepared PVDF nanostructure with pressure drop of 44 Pa possesses filtration
efficiency at MPPS around 70%, nanostructure with pressure drop 125 Pa possess filtration efficiency
already around 100%, corresponding to quality of HEPA 13 and HEPA 14 filtration materials.
Procedures allowing to prepare homogeneous nanofiber structures of the desired morphology (e.g.
combination of thick and thin nanofibers described in this study) are used for quality improvement of
facemasks and respirators i.e. increasing of filtration efficiency simultaneously with decreasing of
pressure drop. Prepared nanostructures combining layers made of thick and thin nanofibers possess
filtration efficiency for particle sizes 150 nm about 98% in comparison with nanostructure made from
thin nanofibers (around 70% only). Of course, the pressure drops of both compared nanostructures
were the same — around 152 Pa.

Proper measurement of filtration properties has to be supported by clear standards which allow proper
comparison of filtration materials.

Acknowledgments: This study was funded by the Ministry of Education, Youth and Sport of the Czech
Republic (grant No. RP/CPS/2022/002)
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Nanotechnology has begun to revolutionize agricultural research, with a particular emphasis on the
development and application of nanofertilizers. The small size and high surface-to-volume of
nanoparticles (NPs) and nanomaterials (NMs) predefine them to an extensive agronomical
application. Despite this potential, the thermodynamic behavior of nanofertilizers remains
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understudied and warrants further exploration, especially concerning nutrient release, mobility, and
bioavailability. Contrasting traditional fertilizers and macro-sized agrochemicals, nanoformulations
such as NPs and NMs integrated into gels, emulsions, and dispersions exhibit distinct thermal
movement, diffusion, and sedimentation properties. These characteristics can be more predictably
assessed through surface and physical chemistry, as well as electrochemistry. As a result, both
inorganic and organic nanomaterials are being harnessed to create a new generation of nanofertilizers,
with various types of pure and mixed materials being employed. With advancements in preparation
techniques and a growing focus on climate change resilience, the development and testing of
nanofertilizers are poised to surge in the coming years. These innovations hold the potential to
significantly impact agriculture by ensuring crop yield sustainability in the face of an increasingly-
changing global environment.

Acknowledgments: This research was funded by the Scientific Grant Agency of the Ministry of Education,
Science, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences (Vedecka grantova
agentira MSVVa$S SR a SAV) under the contracts No. VEGA 1/0655/23, and by the project from the Grant
Agency of the Slovak University of Agriculture in Nitra No. 04-GASPU-2021, GAFAPZ 3/2023, GAFAPZ
8/2023, GAFAPZ 9/2023.

Green solvents for electrospinning
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ABSTRACT

Electrospinning is a technique that is widely used to produce nanofibrous materials for various
applications in different industries. The solvent choice is one of the important parameters of
electrospinning because only a limited range of solvents can dissolve the relevant polymers and
ensure subsequent fiber formation. Traditional solvents commonly used in the production of
polysulfone (PSU) and polyurethane (PU) nanofibers, such as dimethylformamide, are harmful to the
environment and pose a risk to the health and safety of production workers. One solution is to use
alternative, green solvents. The possibilities of preparing PSU and PU polymer solutions based on a
system of mixtures of alternative solvents cyclopentanone, ethyl lactate and methyl lactate were
studied. Nanofibers were prepared by electrospinning technology using green solvent-based polymer
solutions. The effect of the conductivity enhancing additive content in the polymer solution on the
thickness of the obtained nanofibers was evaluated. The applied green solvents can be used as a
substitute for toxic organic solvents, while the polymer solution properties and processing conditions
need to be optimized.
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INTRODUCTION

Electrospinning is a well-established technique widely used to produce nanofibrous materials for a
variety of applications in different industries. The electrospinning technique can process a huge
variety of polymers, but often requires the use of organic toxic solvents. Traditional solvents
commonly used in nanofiber production, such as N,N-dimethylacetamide (DMAc), 1-methyl-2-
pyrrolidinone (NMP) and dimethylformamide (DMF), are harmful to the environment and pose a risk
to the health and safety of production workers. The European REACH Regulation has identified them
as Substances of Very High Concern (SVHC).! The solution is to use alternative, so-called green
solvents. The definition of green solvents expresses the goal to minimize the environmental impact
resulting from the chemical production until the disposal of the solvents. For each solvent, an EHS
(environmental, health and safety) indicator is established and subjected to a series of detailed risk
analyses.>

The solvent choice probably represents the most important parameter in electrospinning, since only
a limited range of solvents and compositions can dissolve the respective polymers and subsequently
achieve fiber formation. The diameter and morphology of polymer nanofibers are influenced by both
the properties of the polymer solution and the process parameters.? >4

Polysulfone (PSU) and polyurethane (PU) nanofiber structures are widely used in water and air
filtration membranes due to their desirable properties such as stability, high mechanical strength, and
ease of modification.” ® The preparation of PSU and PU solutions for electrospinning is limited by
the solubility of the polymer in green solvents. A group of green solvents based on renewable sources,
e.g. Cyrene (dihydrolevoglucosenone), y-Valerolactone (GVL), N-butylpyrrolidinone (NBP) meet
the solubility condition of PSU and PU polymers, but are unsuitable for the nanofiber preparation
process by electrospinning due to the low evaporation rate.” ® Cyclopentanone (CPO), ethyl lactate
(EL) or methyl lactate (ML) are becoming interesting solvents for replacement options.” These
solvents not only meet the solubility conditions of these polymers and allow electrospinning, but are
also more economically acceptable and easier to recycle. This fact is also of interest for an industrial
scale electrospinning where controlled waste management is required.’

EXPERIMENTAL STUDY
Materials

Polysulfone (PSU), Ultrason S 6010 was obtained from BASF Company (Ludwigshafen, Germany)
and polyurethane (PU), Desmopan 2590A was obtained from Bayer MaterialScience AG
(Leverkusen, Germany). Cyclopentanone (CPO), ethyl lactate (EL), methyl L-lactate (ML), sodium
tetraborate decahydrate, citric acid and tetraecthylammonium bromide (QAS, Quaternary ammonium
salt) were purchased from Sigma-Aldrich (St. Louis, Missouri, USA).

Polymer solutions and nanofibers preparation

The polysulfone and polyurethane solutions were prepared by dissolving them in a mixed solvent
system at a given ratio (Tables 1 and 2). The conductivity of the solutions was increased by the
addition of QAS or BC (a combination of sodium tetraborate decahydrate and citric acid in a ratio of
1/3). The polymer solutions were stirred for 12 h at laboratory temperature and 4 h at 40 °C followed
by conductivity measurements.
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Table 1. The solvent system, additive and conductivity of 14% (w/w) PSU solutions

Conductivity Conductivity enhancing Conductivit
Solvent system, ratio enhancing additive content per solution [uS.cm'] y
additive [w/w %] HS-
CPO QAS 0.08 30.1
CPO/EL, 90/10 QAS 0.4 50.1
CPO/EL, 70/30 QAS 0.8 109.6
CPO/EL, 80/20 QAS 1.0 130.1
CPO/ML, 90/10 BC 1.5 50.1
CPO/ML, 80/20 BC 3.0 108.1
Table 2. The solvent system, additive and conductivity of 12% (w/w) PU solutions.
Conductivity Conductivity enhancing Conductivit
Solvent system, ratio enhancing additive content per solution [uS.cm'] y
additive [w/w %] B>
CPO/EL, 80/20 QAS 1.0 160.2
CPO/EL, 80/20 QAS 0.8 133.2
CPO/ML, 80/20 QAS 0.8 148.5
CPO/ML, 90/10 BC 1.5 56.4
CPO/ML, 80/20 BC 3.0 112.3

The nanofibers were prepared by electrospinning device SpinLine 40 (SPUR a.s., Czech Republic)
with simultaneous drying of the interior of the equipment to a relative humidity of 25-30 % using a
Munters ML180 (Munters, Germany) dryer. A voltage of 75 kV was applied to spin a drop of polymer
solution from the test stick, the electrodes distance was 18 cm. The nanofibers were collected on a
polypropylene non-woven fabric.

The structure, surface morphology and fiber diameters of the nanostructured materials were evaluated
by SEM — scanning electron microscopy (Vega 3, Tescan, Czech Republic). The samples of
nanofibrous material were coated with a thin layer of palladium to increase their electric conductivity
before SEM imaging commenced.

RESULTS AND DISCUSSION

The process of nanofibers formation by electrospinning is moustly influenced by the properties of
polymer solutions and the processing parameters. The resulting properties of the nanofibers - diameter
and morphology are mainly influenced by the conductivity and viscosity of the polymer solution.
Several issues need to be dealt with simultaneously when looking for a green solvent for the
electrospinning solution preparation. In particular, the solvent must ensure complete solubility of both
the polymer and the conductivity modification additive.

The selected solvent, cyclopentanone, is a good solvent for both polysulfone and polyurethane. Based
on the experience with the successful spinning of these polymers in the organic solvents DMF and
DMACc, the additives, quaternary ammonium salt (QAS) and a combination of borax and citric acid
(1/3), were chosen to increase the conductivity of the polymer solutions. The limited solubility of
these additives in CPO was solved by creating a mixed solvent system. Ethyl lactate (EL) and methyl
lactate (ML) were selected as co-solvents from a group of alternative solvents. Water, acetone and
dimethyl sulfoxide (DMSO) were found to be unsuitable for this purpose after screening.

The minimum solubility limit of PSU and PU was found to be 70/30 for the solvent combination
CPO/EL, CPO/ML.

The effect of the conductivity enhancing additives content in the polymer solution on the nanofiber
thickness was investigated (Table 3 and 4).
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Table 3. PSU nanofiber diameter

Conductivity Conductivity enhancing M

Solvent system, ratio enhancin additive content per solution can nanofiber

Y ’ neing P diameter [nm]

additive [wW/w %]

CPO QAS 0.08 606.9 +£245.6
CPO/EL, 90/10 QAS 0.4 2429 +74.5
CPO/EL, 70/30 QAS 0.8 224.5+84.5
CPO/EL, 80/20 QAS 1.0 209.6 + 74.1
CPO/ML, 90/10 BC 1.5 197.4+70.8
CPO/ML, 80/20 BC 3.0 210.9+£69.3

Table 4. PU nanofiber diameter

Conductivity Conductivity enhancing Mean nanofiber
Solvent system, ratio enhancing additive content per solution diameter [nm]
additive [w/w %]
CPO/EL, 80/20 QAS 1.0 165.7 £ 60.5
CPO/EL, 80/20 QAS 0.8 220.3+89.6
CPO/ML, 80/20 QAS 0.8 201.8+79.4
CPO/ML, 90/10 BC 1.5 218.0 + 88.3
CPO/ML, 80/20 BC 3.0 296.6 + 130.5

The thinnest polysulfone nanofibers were obtained using 1% (w/w) QAS additive and CPO/EL
solvent system in 80/20 ratio (Fig. 4). This corresponds to the highest conductivity of the polymer
solution. This nanofibrous structure is free of defects, compared to other systems with QAS additive
(Fig. 1-3).

In the solutions where conductivity was enhanced by the BC combination, precipitation of the
conductivity enhancing additive occurred when EL was used as a co-solvent. The precipitation
problem was solved by substituting ethyl lactate with methyl lactate. Although even thinner
polysulfone nanofibers are achieved when using BC and CPO/ML solvent system, the nanofibrous
structure contains defects — beads (see Fig. 5, 6).

Following the results obtained in the spinning of PSU nanofibers, it was possible of set up the solvent
system for electrospinning of polyurethane. Again, the thinnest fibers were again achieved with a
CPO/EL solvent system in an 80/20 ratio containing 1% (w/w) QAS which conductivity was the
highest. However, visible traces of QAS additive can be observed on the nanofiber surface (see Fig.
7). This problem was solved by reducing the QAS additive content in the solution to 0.8% (w/w per
solution) (Fig 8, 9). The addition of BC is not a suitable means to increase conductivity. The
nanofibrous structure contains defects and the nanofibers are glued together at the contact points (Fig.
10, 11).
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Fig. 1. SEM image of PSU nanofibers prepared from 14% (w/w) PSU in CPO, 0.08 % QAS (w/w).

Magnification (a) 5000x%; (b) 1500x%.

Fig. 2. SEM image of PSU nanofibers prepared from 14% (w/w) PSU in CPO/EL, ratio 90/10, 0.4 % QAS (w/w).

Magnification (a) 5000x%; (b) 1500x.

s 5.
SE

Fig. 3. SEM image of PSU nanofibers prepared from 14% (w/w) PSU in CPO/EL, ratio 70/30, 0.8 % QAS (w/w).
Magnification (a) 5000x%; (b) 1500x.
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Fig. 4. SEM image of PSU nanofibers prepared from 14% (w/w) PSU in CPO/EL, ratio 80/20, 1.0 % QAS (w/w).
Magnification (a) 5000x%; (b) 1500x%.

Fig. 5. SEM image of PSU nanofibers prepared from 14% (w/w) PSU in CPO/ML, ratio 90/10, 1.5 % BC (w/w).
Magnification (a) 5000x%; (b) 1500x.

Fig. 6. SEM image of PSU nanofibers prepared from 14% (w/w) PSU in CPO/ML, ratio 80/20, 3.0 % BC (w/w).
Magnification (a) 5000x%; (b) 1500x.
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Fig. 7. SEM image of PU nanofibers prepared from 12% (w/w) PU in CPO/EL, ratio 80/20, 1.0 % QAS (w/w).
Magnification (a) 5000x%; (b) 1500x%.

Fig. 8. SEM image of PU nanofibers prepared from 12% (w/w) PU in CPO/EL, ratio 80/20, 0.8 % QAS (w/w).
Magnification (a) 5000x%; (b) 1500x%.

Fig. 9. SEM image of PU nanofibers prepared from 12% (w/w) PU in CPO/ML, ratio 80/20, 0.8 % QAS (w/w).
Magnification (a) 5000x%; (b) 1500x.
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Fig. 10. SEM image of PU nanofibers prepared from 12% (w/w) PU in CPO/ML, ratio 90/10, 1.5 % BC (w/w).
Magnification (a) 5000%; (b) 1500x%.

Fig. 11. SEM image of PU nanofibers prepared from 12% (w/w) PU in CPO/ML, ratio 80/20, 3.0 % BC (w/w).
Magnification (a) 5000x%; (b) 1500x%.

CONCLUSION

For the preparation of PSU and PU nanofibers by electrospinning, alternative solvents such as
cyclopentanone, ethyl lactate or methyl lactate can be used. These green solvents can replace the
organic solvents DMF, DMAc, NMP, when optimal electrospinning conditions and polymer solution
properties are adjusted. The experimental results show the necessity of modifying the conductivity of
the spinning solution, which together with other parameters affects the nanofiber thickness and
structure. Large-scale nanofiber spinning using a jet system must be preceded not only by
optimization of the desired properties of the polymer solution, but also of the electrospinning process
parameters and the ambient conditions. PSU and PU nanofibers prepared by electrospinning from
solutions based on green solvents can be applied in water and air filtration membranes with
subsequent testing of functional properties.

Acknowledgments: This research was supported Ministry of Education Youth and Sports of the Czech
Republic — programme RP/CPS/2022/002.
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ABSTRACT

The aim of this study was to evaluate the antibacterial activity of AgNPs synthesized with Moringa
oleifera extract (Mo-AgNPs) by reducing the disease severity in tomato plants caused by Clavibacter
michiganensis subsp. michiganensis (Cmm). The in vivo efficacy of Mo-AgNPs was evaluated during
four weeks against Cmm in tomato plants. The treatments were sprayed once a week, no inoculated
tomato plants; Mo-AgNPs preventive + Cmm; M. oleifera extract preventive + Cmm, and positive
control Cmm. Plant height, basal stem width, number of leaves, and disease severity according to the
scale of Baysal et al. were measured twice a week. The tomato plants treated with Mo-AgNPs were
not the ones with the highest vegetative performance; they even had low averages compared to the
other treatments. Disease severity was analyzed by Kruskal-Wallis H, then Dunns test p < 0.05. The
results showed differences between the treatments with the positive control (Cmm). The disease
severity in treatment Mo-AgNPs preventive + Cmm reached 9%; the M. oleifera extract preventive +
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Cmm reached a disease severity of 13.2%; while positive disease control reached 36.6 % severity in
the fifth week. This study demonstrates that Mo-AgNPs have the potential to delay the disease
progress caused by Cmm in tomato plants.

KEYWORDS

Biosynthesized NP, plant pathogenic bacteria, Clavibacter, quarantined bacteria

INTRODUCTION

Bacterial wilt and canker of tomato is a devastating disease caused by Clavibacter michiganensis
subsp. michiganensis (Cmm), a quarantined pathogen in the European Union and other countries.
Currently, this disease has no cure and no resistant cultivars. It spreads rapidly causing severe loss in
productivity!. Thus, new alternative technologies are required for the management of this pathogen,
as a possible alternative the use of biosynthesized silver nanoparticles (AgNPs) using Trichoderma
harzianum extracts that have been applied against Cmm?. Green synthesis of AgNPs has gained
popularity due to its advantages over chemical synthesis by reducing toxic reagents. Thus, the aim of
this study was to evaluate the antibacterial activity of green synthesized AgNPs by reducing the
disease severity in tomato plants caused by Cmm. AgNPs were biosynthesized with Moringa oleifera
extract. The novelty of this study is the search for new control options to incorporate into the
integrated management of quarantined bacteria such as Cmm.

EXPERIMENTAL/THEORETICAL STUDY

The in vivo efficacy of Mo-AgNPs was evaluated for four weeks against Cmm in tomato plants in
greenhouse conditions. The following treatments were sprayed once a week: C =no inoculated tomato
plants; T1= Mo-AgNPs preventive + Cmm; T2= M. oleifera extract preventive + Cmm,; T3= Cmm
positive control. Tomato plants in completely randomized design (Fig 1). Plant height, basal stem
width, number of leaves, and disease severity according to the scale of Baysal et al. were measured
twice a week.

Fig. 1. Tomato plants in completely randomized design

RESULTS AND DISCUSSION

The results showed significant differences between treatments and the infected tomato plants in the
fifth week (Dunns < 0.05). The tomato plants treated with Mo-AgNPs were not the ones with the
highest vegetative performance; they even had low averages compared to the other treatments.
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Disease severity was analyzed by Kruskal-Wallis H test p < 0.05. The results showed differences
between all treatments compared to the positive control (Cmm). The disease severity in treatment Mo-
AgNPs preventive + Cmm reached 9% (T1); the M. oleifera extract preventive + Cmm (T2) reached
a disease severity of 13.2%; while positive disease control (T3) reached 36.6 % severity in the fifth
week (Fig 2).

Five weeks
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Fig. 2. Disease severity on tomato plants 5 weeks after inoculation of Cmm. C=no inoculated tomato plants. T 1= Mo-
AgNPs preventive + Cmm (9%); T2= M. oleifera extract preventive + Cmm (13.2%); T3= positive disease control
Cmm (36.6 %).

CONCLUSION

The disease severity in treatment Mo-AgNPs preventive + Cmm reached 9%, while the control tomato
plants inoculated with Cmm reached 36.6 % severity in the fifth week. This study demonstrates that
Mo-AgNPs have the potential to delay the disease progress caused by Cmm in tomato plants. Future
research can be carried out with metallic NPs originating from biosynthesis, in addition to combining
plant extracts to try to reduce the disease severity.
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ABSTRACT

Implants are widely used in traumatology to fix broken bones. The metal components of implants for
these purposes are most often made of titanium alloy or stainless-steel alloy. While the bulk forms of
these alloys are considered biologically inert, metal particles and ions released from the surface of
the implant due to wear can cause a negative response in the human body. Scanning electron
microscopy was used to determine the number of particles and their chemical composition in 10
biopsy tissue samples. The most frequently detected particles were FeCrNi, FeCr, FeNi, TiAlV, TiAl,
TiAIND. The detected particles had the same composition as the material used for implants.
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INTRODUCTION

Fixation of fractures with implants is used for proper alignment and healing of bones !. However, in
some cases, postoperative complications may occur due to the reaction of the surrounding tissue to
the antigen (in our case, metal particles and ions). Particularly in the field of orthopaedics, the
abrasion of osteosynthetic material in joint replacements and the associated health complications in
patients are well described. In these cases, large metal friction surfaces are involved where metallic
material can be released into the surrounding tissue > 2. In the types of implants we have studied, the
metal friction surfaces are smaller and therefore it is assumed that either there is no release of metal
particles from the implant surface or the abrasion of material is minimal. For this reason, similar
studies have not received as much attention.

EXPERIMENTAL STUDY

Biopsy samples were obtained in cooperation with the University Hospital in Ostrava. Tissue samples
were collected from 10 patients (ethics committee; reference number 317/2019). Biopsy samples were
taken in close proximity to the implant in patients who had to undergo revision surgery due to implant
failure. Sample preparation consisted of several steps. The first step was to fix the tissue in a buffered
formalin solution for 24 hours. This was followed by decalcification and dehydration of the samples
in a series of alcohols. This was followed by embedding the tissue samples in paraffin blocks from
which thin sections were prepared on slides. The slides containing the tissue sections were dewaxed.
Finally, the samples were sputter coated with a thin layer of Au/Pd. The samples thus prepared were
analysed to scanning electron microscope analysis.
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RESULTS A DISCUSSION

Ten biopsy samples were evaluated by scanning electron microscopy. The presence of metal-based
particles, their morphology and elemental composition were evaluated Table 1. The elemental
composition of the implants was used also evaluated Table 1. The elemental composition was
determined by EDS analysis.

Table 1. NUMBER OF DETECTED PARTICLES AND TYPE OF THESE PARTICLES

Sample Number of Type of Type of Sample Number of Type of Type of

number detected detected implants number detected detected implants

particles particles material particles particles material

1 2 stainless FeCrNi 6 2 titanium TicAlsV
steel alloy

2 3 stainless FeCrNi 7 3 titanium TicAlsV
steel alloy

3 4 stainless FeCrNi 8 11 titanium TicAlsV
steel alloy

4 9 stainless FeCrNi 9 19 titanium TicAlsV
steel alloy

5 10 stainless FeCrNi 10 28 titanium TicAlsV
steel alloy

Metal-based particles were detected in all biopsy samples. Based on the EDS analysis data obtained,
only titanium particles were detected in the biopsy samples collected from patients with titanium
implants and only steel particles were detected in the biopsy samples collected from patients with
steel implants. It can therefore be assumed that implants may be the source of these particles. In our
case, the implants were implants in which the frictional metal surfaces are smaller than, for example,
in the case of joint replacements *. This may be related to the number of particles detected, which was
low.

CONCLUSION

Ten biopsies of tissue taken in close proximity to the implant were obtained from 10 patients. The
biopsy samples were studied by scanning electron microscopy. The presence of metal-based particles,
their morphology and elemental composition were evaluated. The method used proved to be suitable
for this type of evaluation. Both micron and submicron sized metal-based particles were detected with
compositions corresponding to the implants. Abrasion of implants used for fracture fixation was
shown to be related to the particles detected in the biopsy samples.
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ABSTRACT

The aim of this work is comparison of ability of prepared organo-smectite composites for the removal of
diclofenac (DC) from aqueous environment due to increasing wastewater pollution related to high
consumption of pharmaceuticals, mainly widely prescribed non-steroidal anti-inflammatory drugs. The
montmorillonite (MMT), beidellite (BEI), hectorite (HEC) and nontronite (NTN) were modified with
benzalkonium chloride (BA) and prepared composites were checked as potential sorbent for analgesic
drug DC from aqueous solutions. X-ray diffraction confirmed the intercalation process of organic
substance into all used smectite samples. Also, the results obtained by thermal analysis proved BA
intercalation into clay matrix by decrease of dehydration temperature due to an increase of the
hydrophobicity of modified smectites. The removal of DC from aqueous solution reached up to 97 %
sorption efficiency for MMT and NTN composites, 95 % for BEI composite and 92 % for HEC composite.
The sorption characteristics including the sorption isotherms were determined too. These results suggest
that the modification of smectites can lead to preparation of potential inexpensive materials with
sufficient sorption ability for the removal of non-steroidal anti-inflammatory drugs from aqueous
solution with respect to their occurrence in relatively low concentrations in wastewaters.
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ABSTRACT

Halloysite mineral with its spiral shape nanotube morphology was tested as suitable absorbent for
herbicides atrazine and diuron, which have negative impact on the environment and fauna. Halloysite
nanotubes are widely used for absorption due to their unique properties like a large specific surface
area, porosity, high adsorption capacity, various charge distribution on inner and outer surface and
colloidal behavior. Mutual interactions of both herbicides with the halloysite nanotubes were
calculated'. Calculations of herbicide conformations with minimum energy, geometry optimization
and molecular dynamics of halloysite models with herbicides were done in Materials Studio? using
COMPASS force field®. Various amount of herbicide loading was tested on inner and outer surface
of halloysite to find the most reliable model. It was shown that both surfaces can interact with
herbicides and loading and arrangement of herbicides depend on their concentrations and mutual
interactions. The inner surface of the halloysite showed stronger interactions with both herbicides
than the outer surface, and especially with diuron (e.g., binding energies for atrazine and diuron were
—115+2 and —130+3 kJ-mol’!, respectively). Poster contribution is based on published paper “How
herbicides like atrazine and diuron interact with spiral halloysite structure.!”
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INTRODUCTION

The main goal of this work was the study of the immobilization of atrazine and diuron molecules in
the tubular structure of halloysite. In addition, the characterization of possible interactions on different
surfaces of this clay was studied in the Materials Studio modeling environment® using molecular
mechanics methods with the COMPASS force field®, which is commonly used for organic polymers,
inorganic metals, zeolites and clay minerals, while these last two structures are similar in some
respects*. In addition, COMPASS force field can parameterize organic compounds containing H, C,
N, O, S and P, as well as metal cations, leading to an appropriate selection of tested herbicides. The
level of current theory provides us with a broad description of the local environment in herbicide-
halide systems, allowing us to identify the primary and boundary conditions for the use of halloysite
structures as an effective interaction platform for herbicides and other pollutants.

EXPERIMENTAL/THEORETICAL STUDY

The halloysite structure model has an outer diameter of 62.68 A and an inner one of 45.29 A, while
the model is composed of 5130 atoms. Various sets of initial models of halloysite with atrazine or
diuron and water molecules were created to investigate mutual interactions between the halloysite
surface and herbicides. The number of calculated water molecules was set to keep a reasonable
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balance between the computational costs and the most suitable approach of the real system that means
in a low relative humidity environment.

In order to investigate the preferred position and arrangement of herbicides’ molecules with respect
to halloysite surfaces, a set of initial models with atrazine molecules only in the inner, only in the
outer part, or in the various ratios on both parts of the halloysite surfacere were created.

The binding energies of the herbicides’ molecules in the halloysite structure (Eping) were measured
by the average of the five best models, as derived from the 51 models of molecular dynamics
trajectory, with respect to the energy point of view, based on the following equations:

(1) Ebind = ETotal - (EHaH-Wat + EHerb),

where Etotal 15 the total energy of the system, Epa+wat 15 the total energy of halloysite and water
molecules and Enen is the total energy of herbicide molecules only.

The binding energy per one herbicide molecule (Ebinama) was calculated as below:
(2) Ebinama = Ebind / NHerb.

Mutual binding energy per one herbicide molecule (Emu) with surrounding of other herbicide
molecules, where nuers is the number of all herbicide molecules present in the model (total energy of
herbicides alone without surrounding is divided by the number of all herbicides in the system), was
calculated as:

(3) Emut = EHerv/NHerb.

RESULTS AND DISCUSSION

Molecular mechanics calculation revealed that comparison of both atrazine and diuron herbicides
show similar behaviour when interacting with the surface of halloysite nanotube. Both herbicides
were preferably absorbed on the inner surface that means that strongly interacted with the octahedral
sheet instead of the tetrahedral sheet. The main H-bonding of atrazine molecule with the halloysite
surface was formed by the CH3, CH», and NH groups and partially by the triazine ring, whereas diuron
molecules interacted through CHs, NH, and carbonyl groups, and partially by the N atom and the
chlorophenyl ring. For both calculated herbicides, the calculated halloysite structure easily interacted
with 32 molecules onto the inner tube and present comparable weak interactions with a higher loading
(37 herbicide molecules) on the inner surface. The binding energy per herbicide molecule evidenced
that the interactions were very alike in both concentrations, being the energies slightly lower when
the haloysite mineral interacted with fewer molecules. In the complexes, both herbicides presented
weaker interactions, including vdW, with the outer surface than with the inner one, where the
electrostatic contributions dominated, i.e. H-bonding. As the same concentration of diuron and
atrazine molecules was selected for the investigation and comparison of the structural stability, diuron
presented better interactions on the inner surface of the halloysite structure than the atrazine (lower
Ebinanp = —130 + 3 kJ-mol™! and Epinama =—115 = 2 kJ-mol™! for the models with diuron and atrazine,
respectively).

CONCLUSION

Halloysite structures with atrazine and diuron molecules were investigated for the evaluation of the
systems’ stabilities by molecular simulations methods. Simulations have shown that atrazine and
diuron molecules can interact on outer and inner halloysite surfaces, setting up a planar arrangement
which is parallel with the surface but only when free space is available. Higher herbicide
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concentrations report the arrangement which is more perpendicular to the surface due to the mutual
herbicide repulsive interactions. In addition, herbicides preferably interacted with the inner octahedral
surface of the halloysite showing a preference for arrangement when all the molecules are placed in
the inner part of the structure. The diuron molecule presented higher stability (i.e. a lower binding
energy per diuron molecule) than atrazine on the inner surface of the halloysite owing to higher
polarity shown by the diuron molecule that helps to better interact with the polar OH groups from the
octahedral surface of the halloysite structure.
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ABSTRACT

Polyvinylidene fluoride (PVDF) nanofibrous membrane has been prepared by electrospinning and its
surface was modified by CeO> nanoparticles by immersion in a water colloidal solution with CeO»
nanoparticles (CeO2 NPs). Two ways of the deposition of CeO2 nanoparticles on the PVDF nanofiber
membrane were used: (1) deposition of CeO2 NPs on the pristine electrospun membrane and (2) the
immediate deposition CeO2 NPs on the DBD plasma treated electrospun membrane. We investigated
the effect of plasma treatment on the amount of CeO> NPs deposited on PVDF nanofiber surfaces
and on the Ce**/Ce*" ratio in CeO2 NPs deposited on PVDF. The amount of CeO> on nanofiber
surfaces was determined by XPS (X-ray photoelectron spectroscopy) and SEM analysis. Results
showed a significant increase of CeO2 NPs amount on the plasma treated PVDF membrane,
accompanied by slight decrease of Ce**/Ce*" ratio in CeO2 NPs adherent on plasma treated PVDF
surface in comparison with pristine PVDF surface. Detailed analysis of XPS spectra — Cls, Ols, and
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Ce3d indicated a possibility of the chemical bonding of CeO2 NPs on the plasma treated PVDF
surface.

KEYWORDS
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INTRODUCTION

Cerium oxide nanoparticles (CeO2 NPs) exhibit unique properties with wide application potentia
CeO; as a valuable catalytic material whose properties vary dramatically from that of the bulk
material to NPs.

11,2

Just recently has been shown that some types of cerium oxide are highly effective in the degradation
of organophosphate pesticides (parathion methyl, fenchlorphos, chlorpyrifos, dichlofenthion, and
prothiofos) and some types of phosphate-based flame retardants®*.

Thanks to many exciting properties cerium oxide attracted the attention of investigators designing
nanofibrous membranes to create nanocomposite membranes polymer/CeO> for a wide scale of
specific functions>”7.

This work was focused on the optimization of the technology for functionalization of CeO> /PVDF
nanofibrous membranes using plasma pre-treatment and to determine the effect of plasma treatment
on the amount of deposited CeO> on the membrane surface and the effect of plasma treatment on the
ratio Ce*"/Ce** on the membrane surface, which is responsible for all the unique properties of CeO,
NPs.

EXPERIMENTAL

Nanofibrous membranes were prepared using Nanospider technology. The modification of
membranes was performed by immersion of nanofibers and DBD plasma modified nanofibers
directly into the colloidal solution of CeO; nanoparticles. Prepared samples were characterized by
SEM, contact angle measurement and XPS spectroscopy to show the impact of plasma treatment on
the properties of resulting nanocomposite.

RESULTS AND DISCUSSION

The contact angle measurement was used to determine the influence of plasma treatment on the
surface properties of nanofibers. The lowest value of contact angle was reached for 10s treatment.
This time was used as an optimal for plasmatic modification.

SEM analysis of pristine PVDF nanofibers showed almost none influence of DBD plasma on the
nanofiber morphology. On the contrary the SEM images of CeO2 modified nanofibers showed larger
amount of nanoparticles on the plasma treated nanofibers. This result confirmed the activation of
nanofiber surface by DBD plasma. The EDS mapping revealed the homogenous distribution of Ce
on the NPs decorated plasma treated CF membrane. The EDS calculated amount of Ce on the plasma
treated membrane is about 5 at.%.

Results of XPS analysis are quantitatively evaluated in the Table 1. The XPS measurements show the
presence of expected carbon, fluorine, cerium (if applicable) and oxygen, and other impurities (Na,
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P). The impurities originate from the source material solution and they are expected to be
concentrated on the surface of the fibers by the electrospinning process.

Table 1: Comparison of atomic concentrations in the samples

C F O Ce P Na

[at.%] [at.%] [at.%] [at.%] [at.%] [at.%]
CF membrane 49.6 383 8.4 - 2.0 1.6
washed CF membrane 54., 39.8 54 - 0.4 0.3
CF/CeO> 54.5 343 8.3 1.6 0.8 0.5
plasma treated CF/CeO» 54.5 2.0 19.3 3.1 0.8 0.3

It is evident from Table 1 that the cerium content is doubled on the plasma treated membrane
necessarily accompanied by an increase in oxygen and a decrease of fluorine content as the oxide is
part of the CeO; NPs.

CONCLUSION

It could be concluded that plasma treatment has a double effect on the preparation of nanocomposite
membrane PVDF/CeO; NPs: (1) twice the amount of CeO; NPs on plasma treated membrane
compared to a pristine PVDF membrane and (2) stronger binding of CeO2 NPs to the membrane and
therefore higher stability of the nanocomposite membrane. Moreover, both of these advantages do
not imply a substantial reduction in the Ce*" concentration which is significant for the desired
membrane functionality.
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Crystallization of submicron steroid drug particles by supercritical fluid
extraction and ultrasound precipitation

O. Sakreida’, K. Skrlova’, D. Placha'’
'Nanotechnology Centre, CEET, VSB- Technical University of Ostrava, Czech Republic

ondrej.sakreida.st@vsb.cz

ABSTRACT

This work is focused on submicron crystallization of drug particles with anti-inflammatory properties.
The methods used in the preparation were fluid crystallization based on ultrasound assisted
crystallization and precipitation and further supercritical fluid extraction. In fluid crystallization based
on ultrasound crystallization, the optimal flow rate was determined and finally Tween 80 was added
to prevent agglomeration. This arrangement was analyzed by scanning electron microscopy (SEM)
and particles size distribution (PSD) by FBRM probe. Supercritical fluid extraction was used in the
rapid expansion of the supercritical solution mode (RESS) and gas antisolvent mode (GAS). The
produced particles were analyzed by scanning and transmission (STEM) electron microscopy and
particles size distribution. Subsequently, the results of both methods of preparation were compared.
The SFE method yielded particles of smaller size (0.299 — 0.245 um) than the ultrasonic antisolvent
precipitation method (4.5 um).

KEYWORDS

Ultrasound assisted crystallization, RESS (Rapid expansion of supercritical solution), GAS (Gas
antisolvent), flow crystallization.

INTRODUCTION

Recently, processes have been developed in the pharmaceutical industry that focus on the continuous
production of drug particles. These processes tend to be faster, easier to control and more robust than
batch production. There is also a new need to reduce drug particle size to make it easier to reach the
site of action and also make the drug more bioavailable or comfortable to the user. For example,
particles larger than 1 um in eye drops tend to cause discomfort to the user, but particles with a smaller
size are imperceptible.!

EXPERIMENTAL STUDY

The first method used for preparation was ultrasonic precipitation in a cell. This was done by mixing
a stream of drug dissolved in acetone and an antisolvent (purified water). The mixed suspension was
then analyzed using an FBRM probe (FBRM PI-9.5-14/206, Mettler Toledo) and SEM (TM3030Plus,
Hitachi).

The second preparation method used supercritical fluid extraction (SFE) with supercritical carbon
dioxide acting as an antisolvent. A prominent technique that was used was GAS. The drug solution
was dissolved in acetone and precipitated with supercritical carbon dioxide during rapid nozzle
expansion.? Different supercritical conditions (temperature and pressure) were applied. The resulting
particles were analyzed using the disc particle size analyzer (Disc Centrifuge DC24000, CPS) and
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STEM (JEOL JSM-7610F Plus, JOEL). Tween 80 was added to solutions to stabilize the final

crystals.

RESULTS AND DISCUSSION

Using ultrasound assisted crystallization and precipitation, particles of approximately 4.5 um in size
were created. Smaller particles were prepared using SFE in GAS mode. The difference between the
particles size distribution is shown in Figure 1 and Figure 2a,b. The figures showed that the particles
prepared by SFE are much smaller than those prepared by ultrasonic crystallization. The difference
between Figures 2a) and 2b) is due to the addition of Tween 80, which prevented the particles from

agglomerating.
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Fig. 2. (a) PSD for sample prepared using SFE without Tween 80; (b) PSD for sample prepared using SFE with Tween

80.
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Based on the SEM analysis, it was concluded that both methods led to the formation of drug particles
of the similar shape. The typical shape of the drug used is "needle". This can be seen in Figure 3,
where the results of both used methods are compared.

9/03  10:38 NMMD5.2 x9.0k 10 pm

FLP0003 2020/0
FLP_TH200827-03

20.0xKV STEM SEM

Fig. 3. (a) SEM image of drug microparticles prepared by ultrasound precipitation; (b) STEM image of drug submicron
particles prepared by SFE.

CONCLUSION

The SFE method yielded particles of smaller size (0.245 —0.299 pum) than the ultrasound assisted
crystallization method (4.5 um). The addition of Tween 80 to the processed solutions prevented
agglomeration of the final product. The SFE production process was robust and particles prepared by
this method at different temperatures and pressures achieved similar particle size distributions. SFE
is a very promising method for the continuous production of drugs of defined particle size, but this
requires further research.

Acknowledgments: This work was supported by the SGS project SP2023/095 of VSB-Technical University
of Ostrava. Special thanks to Ing. Jakub Zagora and Ing. Katefina Skrlova, PhD. for aid with the supercritical
expansion and corrections of the work and also PharmDr. Toma$ Holas, PhD. and Teva Czech Industries for
cooperation and provision of chemicals.
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Composites g-C3N4/TiO:2 for photocatalytic applications
J. Valou$ek, K. Foniok, V. Matéjka, P. Praus

Department of Chemistry and Physico-Chemical Processes, Faculty of Materials Science and Technology,
VSB - Technical University of Ostrava, Czech Republic

jakub.valousek@vsb.cz

ABSTRACT

TiO2 in anatase form and g-C3Ns are semiconductors that have been intensively studied for
photocatalytic applications. To evoke the photocatalytic activity of anatase with band gap energy
3.2 eV the light of wavelength approximately 380 nm and lower is necessary. In contrast to TiO2, g-
C3N4 with a band gap energy 2.7 eV requires the light of wavelength approximately 460 nm, which
predetermines this photocatalyst for a broad range of photocatalytic applications operating at day
light. Combining both photocatalysts, the composite g-C3N4/TiO2 can be obtained with improved
photodegradation performance compared to both individual components. In our research, we used the
thermal hydrolysis of titanyl sulphate suspension with bulk g-CsN4 to obtain g-C3;N4/TiO2
composites. The prepared samples were characterized using the methods of chemical and phase
analysis, the morphology of the particles was studied using SEM technique, and the specific surface
area was determined using physisorption of nitrogen. The band gap energies of the prepared samples
were evaluated using UV-VIS DRS spectrometry. UV and VIS light induced degradation of
rhodamine B was used to evaluate the photocatalytic performance of prepared composites.

KEYWORDS

Ti0O2, g-CsN4, composites, characterization, photodegradation activity.

Acknowledgments: This work was supported by VSB — Technical University of Ostrava (Project No.
SP2023/034).

Production of PVB/g-C3N4 photocatalytic active fibrous membranes for
environmental application

Z. Vilamova', M. J. Sampaio?, L. Svoboda', J. Bednar', Z. Simonova', R. Dvorsky', C.G. silva? and
J. L. Faria?

" Nanotechnology Centre, CEET, VSB — Technical University of Ostrava, Czech Republic

2 Laboratory of Separation and Reaction Engineering, Laboratory of Catalysis and Materials, Department of
Chemical Engineering, Faculty of Engineering of the University of Porto, Portugal

zuzana.vilamova@vsb.cz

ABSTRACT

In recent times, fibrous membranes have developed a crucial role in the filtration of pollutants from
air or water. Unfortunately, if the filter membrane is used for several hours or days, it leads
to a gradually increasing concentration of pollutants on the membrane surface. However, this
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contamination can be effectively eliminated by the presence of photocatalytic submicroparticles
as part of the fibrous membrane. We prepared several polyvinylbutyral fibrous membranes and
compared their photocatalytic activities by phenol degradation. The blend method is the most widely
used. Active particles are added to the polymer solution prior to the electrospinning process.
This approach seems logical and effective. Unfortunately, this method led to particle encapsulation
by a polymer within the fibre and to a decrease in photocatalytic activity (k = 0,00115 min™).
Another method is called thermal treatment. This method led to the attachment of the particle
to the fibre surface, allowing its significantly more effective surface action (k = 0,00176 min™').
However, the thermal method caused changes in the fibre size distribution. Using a combination
of the methods mentioned above, the last membrane was prepared and tested with the highest
photocatalytic activity (k = 0,00281 min™).

KEYWORDS

Electrospinning, photocatalysis, degradation kinetics, phenol

Acknowledgments: This work was supported by the student project SP2023/095 of the VSB-
Technical University of Ostrava.

Use of supercritical fluid technology for preparation of antimicrobial
nanomaterials
J. Zagora', D. Placha’, K. Skrlova’, A. Mufioz Bonilla?, M. Fernandez Garcia?

"Nanotechnology Centre, CEET, VSB — Technical University of Ostrava, Czech Republic; 2ICTP, CSIC,
Spain

jakub.zagora@vsb.cz

ABSTRACT

Development of new antimicrobial material, whose are not toxic to human not any other higher living
organism is new challenge of today science. Each of newly developed material can be used in
biomedicine, coating, etc. Using commonly used biopolymer polylactide and cationic polymer based
on methacrylic acid seems to be effective in use against antimicrobial resistance. Polylactide, as
bioplastic that is easily degradable, recyclable, and mass-produced, is very suitable for replacing oil-
based polymers on market. Also, the development of 3D printing in the context of this initiative, and
the actual use of PLA as one of the main materials used for this printing, make the technology around
the preparation and modification of PLA quite logical. Supercritical fluid technology is
environmentally friendly and energy saving technology, which allow us to extend or use at all
expensive and in many cases also toxic solvents.

In a first approach, polylactide nano- and microparticles and structures were prepared by supercritical
fluid extraction. The RESS (rapid expansion supercritical fluid solution) method is easier to optimize
and shows better particle size control. However, the yield of this method is very low.

On the contrary, a highly porous structure was obtained using the SAS (supercritical antisolvent)
method. In this method we need to use a solution of polylactide in an organic solvent. Resulted
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microparticles prepared by SAS method, in shape of fibres in micron size. The yield of the reaction
was higher.

Second approach was done with preparation of particles of antimicrobial polymer and
polylactide/antimicrobial polymer. Created microparticles prepared by RESS method had similar
shape as particles prepared from pure PLA by RESS.

KEYWORDS

polylactide, antimicrobial polymers, supercritical fluid technology
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Digital olfaction
G. Cuniberti

Institute for Materials Science and Max Bergmann Center for Biomaterials, TU Dresden, 01062 Dresden,
Germany

Dresden Center for Computational Materials Science (DCMS), TU Dresden, 01062 Dresden, Germany

gianaurelio.cuniberti@tu-dresden.de; https://nano.tu-dresden.de/gc/

ABSTRACT

Olfaction is an ancient sensory system that allows us to access sophisticated information about our
environment. Drawing inspiration from biology, carbon nanomaterials-based gas sensors combined
with machine learning algorithms aim at replicating this performance and digitizing the sense of
smell. This lecture presents is about gas discrimination and identification performance of carbon
nanomaterials-based nanosensors. Functionalized carbon nanomaterials-based nanosensors were
fabricated on multiple-channel gas sensor devices, and the sensing signal was acquired when exposed
to various gases. The transient features of the gases were then extracted from the sensing signal and
fed to a machine-learning algorithm to discriminate and identify the gases. The developed carbon
nanomaterials-based electronic olfaction system shows excellent gas identification performance for
different gases. This platform can be used to miniaturize e-noses, digitize odors, and distinguish
various gases and volatile organic compounds (VOCs) for applications such as pathogen detection,
environmental monitoring, and disease diagnosis.

Anisotropic charge distribution on halogen atom, o-hole, really exists:
atomic force microscopy and high-level quantum chemical calculations
P. Hobza'?

"Institute of Organic Chemistry and Biochemistry of the CAS, Czech Republic
2|T4Innovations, VSB — Technical University of Ostrava, Czech Republic

pavel.hobza@uochb.cas.cz

ABSTRACT

Halogen bonds, which are bonds between halogens and electron donors, play an important role in
chemical, biological, and nanomaterial sciences. The existence of halogen bonds was long a puzzle
because it involves a bond between electronegative atoms that should carry a negative charge. At the
beginning of the century, Clark and Politzer explained this phenomenon by showing that the electron
density on the halogen atom, which is covalently bonded to an electronegative atom (e.g. carbon), is
not homogeneous but forms a so-called sigma hole, which is positively charged. In a halogen bond,
the negatively charged electron donor interacts with the positively charged sigma hole on the halogen.
The existence of the sigma hole was theoretically predicted, but direct experimental confirmation did
not exist.
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Using Kelvin probe force microscopy, which belongs to scanning probe force microscopy, we studied
sigma holes in the molecules tetrakis (4-fluorophenyl) methane and tetrakis (4-bromophenyl)
methane. Through a combination of experiments and advanced quantum mechanical calculations, we
confirmed the existence of the sigma hole in the second molecule and the absence of this hole in the
first molecule. The experiments fully agreed with the theoretical prediction based on the molecular
electrostatic potential.

REFERENCES
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Nanostructured biomaterials as analogs of extracellular matrix for
adhesion and growth of cells in tissue engineering — a review
L. Bagakova'

Laboratory of Biomaterials and Tissue Engineering, Institute of Physiology of the Czech Academy of
Sciences, Prague, Czech Republic

Lucie.Bacakova@fqu.cas.cz

ABSTRACT

Tissue engineering is defined as an interdisciplinary field, that applies the principles of engineering
and the life sciences toward the development of biological substitutes that restore, maintain, or
improve the function of damaged tissues and organs [1]. There are two main components of a tissue-
engineered construct: cells and their scaffolds, i.e. biomaterials that fulfill the function of extracellular
matrix (ECM). These biomaterials (i.e. materials that enter into an interaction with the biological
environment) can be of nature-derived or synthetic origin — for example, various natural and synthetic
polymers, metals and their alloys, ceramics, or carbon-based materials. The cell-material interaction
is strongly dependent on the physical and chemical properties of the material surface, e.g. its chemical
composition, polarity, wettability, electrical charge and conductivity, rigidity or deformability, and
also the surface roughness and topography. The nanostructure of the material surface, i.e. presence
of irregularities or other domains than 100 nm in size, mimics the natural nanoarchitecture of native
tissues and organs, such as various curvatures on the ECM molecules (e.g. collagen helices), the
structure of the cell cytoplasmic membrane with the extracellular parts of integrin adhesion receptors,
etc. Moreover, nanostructured materials support the adsorption of cell adhesion-mediating molecules
(e.g. vitronectin, fibronectin, collagen) in an appropriate conformation, enabling the binding of cell
adhesion receptors to the active sites of these molecules, such as specific amino acid sequences
(RGD) or carbohydrate ligands. Among these molecules, vitronectin is adsorbed preferentially to the
nanostructured substrates due to its relatively small and linear molecule, and then it is preferentially
recognized by osteoblasts over other cell types, making the nanostructured substrates particularly
suitable for bone tissue engineering (for a review, see [2]). In accordance with this, our laboratory is
participating in the development of various nanostructured layers for surface modification of bone
implants in order to increase their osseointegration, such as nanocrystalline diamond films, films of
TiO2 or other oxides, zeolites or MXenes, or polymeric nanofibrous scaffolds reinforced with
ceramic, metallic or carbon nanoparticles for potential bone tissue engineering [3-5].

KEYWORDS
Nanoscale roughness, nanofibers, osteogenic differentiation, nanomedicine

Acknowledgments: Supported by the Praemium Academiae grant (No. AP2202) provided by the Czech
Academy of Sciences.
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Electronical and optical properties of carbide molybden modifications
S. Cerny'

! Wichterlovo Gymnazium, Ostrava, Czech Republic

cernsi815@wigym.cz

ABSTRACT

In my work, I introduce MXenes, a new type of single-layer material. I focus on modifications of
carbide molybdenum and their isomers. More specifically, on their up to now preliminary or even
completely undescribed electronic and optical properties. In comparison to all available sources, |
describe them on a substantially higher level and consequently determine whether the materials lead
the electric current or not and and whether they absorb wavelengths of visible light. The key outcome
will have the form of values of band gaps calculated by means of the Perdew-Burke-Ernzerhof
method, also known as PBE, by means of the hybrid method, also known as HSE06, and finally by
means of the many-body perturbation method GW, and absorption of wavelengths of visible light. I
find exact values of lattice constant and energic levels of isomers, thereby contributing to the general
development of the single-layer world and helping next workers -- SOC students and researchers. In
the end, I focus on exact description of optical properties by means of the Bethe—Salpeter equation,
BSE, that includes excitons. I reflect all data in graphs and charts and interpret them. I suggest
potential practical application of gained pieces of knowledge.

Surface modification of metallic bone implants for improved
osseointegration
M. Doubkova', I. Némdéakova', R. Gabor?, L. Cvréek?, V. Nehasil*, S. Potocky®, D. Sedmera’, L.
Bacakova'

'Laboratory of Biomaterials and Tissue Engineering, Institute of Physiology of the Czech Academy of
Sciences, Czech Republic; 2Nanotechnology Centre, CEET, VSB — Technical University of Ostrava, Czech
Republic; *Department of Materials Engineering, Faculty of Mechanical Engineering, Czech Technical
University in Prague, Czech Republic; “Department of Surface and Plasma Science, Charles University,
Czech Republic; ®Institute of Physics, Czech Academy of Sciences, Czech Republic

Martina.Doubkova@fgu.cas.cz
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ABSTRACT

Titanium and its alloys have a wide range of applications in biomedicine - from temporary or
permanent implants such as bone screws or femoral stem implants, to wireless systems for controlled
drug delivery. Their high biocompatibility and good physical and mechanical properties make them
suitable for use in the fields of orthopaedics and dentistry. Ti6Al4V alloy is one of the most commonly
used materials for construction of bone implants. However, development of new surface
modifications to eliminate the possible release of Al and V ions and to further promote implant
integration into bone remains highly desirable. We will present results of in vitro and in vivo analyses
of Ti6Al4V materials surface-modified by two different methods. The first set of materials was
modified by a combination of physical vapour deposition (PVD) and micro-arc oxidation (MAO) to
develop Ti and ZrTi oxide surface layers [1]. The second set of samples was coated with thin film of
nanocrystalline diamond (NCD) using chemical vapour deposition (CVD) method, oxidized and
functionalized with human bone morphogenetic protein (BMP-7), which is a key modulator of bone
and cartilage formation and repair [2]. To assess the osteoinductive and osteoconductive potential of
these modifications we have analyzed them in interaction with bone marrow mesenchymal stromal
cells (hBMSC) and human fetal osteoblast cells (hFOB). We studied the morphology and
proliferation of cells with fluorescence microscopy and metabolic tests, cell phenotypic maturation
and differentiation by the level of enzymatic activity of alkaline phosphatase, gene expression of
selected osteogenic markers and the mineralization of extracellular matrix by Alizarin Red staining
up to 21 days of cell culture. Hybrid ZrTi layers deposited by the combination of PVD-MAO methods
showed increased corrosion and wear resistance, reduced coefficient of friction, and at the same time
it stimulated osteogenic cell differentiation better than the unmodified alloy. CVD-modified samples
coated with NCD film promoted faster mineralization and bone formation than control both in vitro
and in vivo study in rabbits. The adsorption of BMP-7 on NCD surface further increased and
accelerated the process, making it a great candidate to improve the bioactivity of Ti6Al4V implants.

KEYWORDS

Orthopaedic implants, coatings, nanocrystalline diamond, osteogenic differentiation
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Stem cells growth observations and material aimed to engineer bone
tissue replacements and appropriate scaffolds
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ABSTRACT

The ultimate objective of my year internship at Physiological institute of Czech Academy of Sciences
was to select an appropriate scaffold for colonization and long-term proliferation of cells. It focused
on the impact of scaffolds on cell activity. This research represents the first step towards the
engineering of bone tissue replacement. Bone tissue replacements could reduce the risk of immune
reaction and decrease the need for reoperation caused by implanted replacements overuse or damage;
thus, they promote consequent progressive blending in the rest of the tissue. Particularly, the
development of polymer scaffold by 3D printing presents an opportunity to manufacture the
replacements in any arbitrary shape.

The objects of selection were three basic kinds of scaffolds differing by material, their processing and
inner 3D structures, namely FDM 3D printed prints, honeycomb structure scaffolds and SLA 3D
resins. The first tests were carried out on 10 types of three-dimensional print structures with fiber
width either 240 um or 200 um and space between them from 0 um up to 200 um. The second kind
of scaffolds were structures resembling honeycomb structure by shape. Their structure was two-
dimensional, and they were exposed to radiation of varying intensities and the aim of which was to
determine the impact of radiation processing on the proliferation of cells. The third kind of scaffolds
were resins printed on SLA 3D printer with three-dimensional ladder structure and with fiber and
space width 100 um.

The experiment consisted of ASC stem cells seeding isolated from human fat tissue on the above
mentioned three kinds of scaffolds. The cells were cultivated in thermostat for up to 10 days in static
conditions. Their growth was evaluated based on either the images from the Dragonfly 503 confocal
microscope or the Olympus [X71 optical microscope, summing up the nuclei dyed by fluorescent dye
Hoechst 33258 or MTS metabolic test.

The cells colonized all the 10 types of prints. However, the depth of colonization differed. According
to the images from the confocal microscope, the most efficient penetration occurred in types number
2, 3 and 8. Regarding of honeycombs, MTS tests and nuclei sums revealed that long-term
proliferation is best supported by scaffold radiated by level 1,000, where the cells reached higher
levels of proliferation than in polystyrene positive control. The MTS tests on resins proved sufficient
proliferation and deep penetration was obvious from IX71 optical microscope.
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ABSTRACT

Plasmon-driven photocatalysts received soaring interest due to the possibility of using plasmonic
effects to enhance reaction rates or activate unexpected reaction pathways [1]. The surface plasmons
decay by generating non-thermal (hot) electron-hole pairs having enough energy to drive chemical
reactions when excited by an electromagnetic field (e.g., sunlight). Extensive research efforts
demonstrated the significance to investigate the interactions between molecules and nanomaterials at
multiscale to discover and understand the lush applicability provided from plasmon-driven
photocatalysis [2-4]. So far, the only technique enabling the local study of the chemical production
from purely photocatalytic processes and unlocking the local in situ mapping of those chemicals
produced through plasmon-driven reactions is the scanning electrochemical microscope (SECM).

Herein, we present a methodology to study locally the photo-material by SECM enabling 2D
quantitative mapping of plasmon-driven reaction products at different scale (from mm to hundreds of
nm). The experimental results coupled with diffusion model enable the quantification of the material
quantum efficiency. The methodology elucidates structure-activity relationships at the origin of the
plasmonic activity.

The presented results demonstrated the methodology thanks to a reference model including Au NPs
deposited on a semiconductor/charge collector substrate formed by a TiO2/ITO substrate, which is
already well-referenced in the literature [5]. Ultimately, the methodology will be applied to shed light
on the correlation between the system properties (e.g. size, shape, composition, interface and
embedding media) and the photoproduced molecules at multiple scales.
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LiteScope 2.5: Pushing the boundaries of correlative AFM-in-SEM
microscopy
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ABSTRACT

The LiteScope 2.5 is a new generation of “plug & play” atomic force microscopy (AFM) microscope
that can be easily integrated into a scanning electron microscopy (SEM) system for correlative
multimodal sample analysis. This microscope offers several unique features, making it an excellent
tool for in-situ sample characterization and precise localization of regions of interest.

Firstly, our microscope offers correlative multimodal sample analysis by combining the high-
resolution imaging capabilities of AFM (and 12 more related techniques) with the capabilities of SEM
material analysis. This combination allows for a more comprehensive understanding of a sample's
properties, leading to better insights into its structure and behavior.

Secondly, it enables in-situ sample characterization, allowing researchers to analyze samples under
laboratory-controlled conditions, including temperature and humidity. This capability is crucial for
research on oxidation-sensitive samples, whereas with LiteScope 2.5 offer a way to prepare and
measure the sample without the need to take the sample out of a vacuum.

Finally, LiteScope provides precise localization of the region of interest, enabling researchers to target
specific areas of a sample with high accuracy. This feature is handy in analyzing complex samples,
where it can be difficult to isolate specific regions of interest.

KEYWORDS
AFM, SEM, Correlative microscopy, CPEM

INTRODUCTION

With the advancement of sample preparation techniques which allow the fabrication of more complex
samples, the need for a tool which increases the effectiveness of sample analysis arises even more.
The proper complex analysis must be done to understand advanced material science and
nanotechnology research samples. To ease this chore, we present a new-generation LiteScope 2.5,
combining the benefits of AFM, SEM and their related techniques. LiteScope is an AFM microscope
integrable with the majority of SEMs. The sample can then be measured simultaneously with both
techniques, and results can be correlated using a patented correlative probe and electron microscopy
(CPEM) technology.

Thanks to the wide view field of SEM and fast ability to change scanned area, it is effortless and fast
to navigate the AFM probe to the region of interest and precisely approach the surface of the sample.

With the fixed position of both the AFM tip and SEM electron beam, the scanner starts to scan with
the sample, acquiring both data sets at once from the same area. Combining the data from the AFM
technique with material or chemical analysis of SEM-related technique result in complex and
comprehensive information about the studied sample!™,
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EXPERIMENTAL/THEORETICAL STUDY

LiteScope implementation into the SEM is fast and easy. Firstly, the LiteScope is installed into the
SEM chamber via an adaptation plate compatible with most standard SEM stages. Two cables (signal
output and scanner control) are then led out of the chamber through a grommet into the NenoBox
controller, together with the signals from the SEM detectors.

After localizing the area of interest with SEM, all the measurement is controlled via the user-friendly
interface NenoView.

Apart from the previously mentioned AFM, LiteScope offers 12 complementary techniques. With
LiteScope, the mechanical, magnetic, electro-mechanical, and electrical properties can be measured.
Apart from imaging techniques, LiteScope can perform spectroscopy measurements with F-z or /-
V curves.

On top of all these techniques, the CPEM technique can correlate multiple layers of data information.

To demonstrate the capabilities of new generation LiteScope 2.5, we present here the state-of-the-art
measurement output of the following techniques:

Atomic force microscopy: AFM allows high-resolution topography measurements of a wide range of
samples with the noise floor around 35 pm.

Conductive AFM: Conductive AFM provides a high-resolution local conductivity map of the sample
by applying a bias between the sample and the conductive probe.

Kelvin probe force microscopy: KPFM is a two-pass technique estimating the local distribution of
surface potentials.

Magnetic force microscopy: MFM enables high-resolution imaging of the magnetic properties of
different materials and visualization of the magnetic domain on the surface.

RESULTS AND DISCUSSION

We present two experiments highlighting the unique capabilities of LiteScope 2.5. Figure 1 shows
the first measurement of the in-situ analysis of battery material. Thanks to the ability to utilize FIB
or GIS milling, the sample prone to oxidation is repolished in the vacuum chamber. The subsequent
analysis is done without any air exposure.
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Current profile

0 Length (um) 2

Fig. 1. (a) SEM overview of AFM probe approaching FIB milled trench. (b) C-AFM measurement of local
conductivity of cathode material. The blue line indicates the measured current profile. (c¢) SEM image of the
measured area.

Due to the ability to precisely navigate the AFM probe to the region of interest, the researchers can
choose the best place for repetitive analysis, which is impossible without using LiteScope 2.5. The
results of the experiment are shown In Figure 1. where it is shown how the probe is navigated into
the fibbed trench, where the exposed bulk material is then studied with conductive AFM. The
measurement outcomes _ clearly show the conductivity of the individual grains.

SEM
a) E) 3D CPEM | _
25
KPEM AFM
c) d)

Fig. 2. (a) SEM overview image of duplex steel with the highlighted area where complex measurement was done. (b) 3D
CPEM image showing the morphology of the sample. (¢) KPFM analysis of surface impurity. (d) AFM topography of the
clean area of the duplex steel. (¢€) MFM measurement shows the qualitative analysis of the sample’s magnetic stray field.
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The second measurement shows the ability to localize the exact location on the sample repetitively,
allowing us to do complex multimodal analysis. The duplex steel was analyzed with AFM, KPFM,
MFM and SEM. The measurement analysis provides information about the local magnetic stray fields
of the individual grains of the duplex steel. Using KPFM can provide information about impurities
on the sample and their surface potential for better determination of the origin and material
composition of the impurities. NenoView also allows users to use unique Al-driven multidimensional
correlative imaging CPEM. Combining data from multiple measurement modes under the same
experimental conditions yields more reliable results and saves time in acquiring data.

CONCLUSION

The new generation LiteScope 2.5 microscope represents a significant advance in microscopy
technology, offering unprecedented opportunities for researchers to attain superior resolution in a
variety of experimental techniques. This cutting-edge microscope is poised to become the ultimate
tool for complex correlative analysis.

Acknowledgments: The sample for C-AFM analysis was provided by Ute Heinemeyer from BELLA (DE).
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Interaction of metal oxide nanoparticles with plant under the influence
of electric field
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ABSTRACT

The application of electrical energy is a common thing that is observed in daily human activity. One
of the fields where electrical energy can be applied and benefitted is agriculture. Currently, the use
of the electric field (EF) in agriculture is orientated into environmental remediation of contaminated
areas, especially soils, to reduce decontamination and minimise the negative side-effect of inorganic
and organic pollutants. Here, electro-culture with applied EFs and magneto-culture used by magnetic
fields could be another alternative for agricultural practices of various commercial crops.
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Generally, in the case of direct current (DC), the mode of action is based on the transportation and
redistribution of ionic (on non-ionic) chemical species situated between “working” electrodes with
different polarities under external electrical fields.

In electroculture, few prospective outcomes appeared nowadays, e.g., alternating current (AC)
intensifies the mobility of nitrogen in the soil environment. By use of DC, several pilot studies were
carried out with positive results, such as enhanced plant resistance against pathogens and increased
seed germination and yield. Additionally, fruit quality was measured, and it showed an increased
phenol concentration in cultivated radish (Raphanus sativus L.), which ultimately enhanced its
antioxidant activity. However, most of the studies in this field utilized conventional fertilizers.
Despite this, in our experiment’s trials, we used metal oxide micronutrient-zinc in nanoparticulate
forms as a new generation of nano-fertilizers with selected crops under low voltage DC treatment.
Nano-fertilizers, in comparison with traditional counterparts, used their specific properties based on
lower concentration range, smaller size, and higher surface-to-volume, and could be uses as nutrients
delivery device and initiate more target agronomical effects.

Our outcomes confirmed that the case of DC with zinc nanoparticles showed a higher germination
percentage than the other treatments. However, this result does not correspond to the quantitative
growth parameters of the crop, where the statistically most significant treatment was the control
variant (NPs-free, no DC-treatment) in comparison with the zinc nanoparticles variant.

For this reason, in the agronomical context in the near future, the combination of electric fields and
nanotechnology will introduce new disciplines and procedures majorly applicable under regulated
conditions of hydroponic farming and plant culture techniques. Moreover, it can be employed in
cultivating nutritious crops on other planetary bodies, including Moon, Mars etc., for future people
who are willing to colonise outside the Earth.

Acknowledgments: This research was funded by the Scientific Grant Agency of the Ministry of Education,
Science, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences (Vedecka grantova
agentira MSVVa$8 SR a SAV) under the contracts No. VEGA 1/0655/23, and by the project from the Grant
Agency of the Slovak University of Agriculture in Nitra No. 04-GASPU-2021, GAFAPZ 3/2023, GAFAPZ
8/2023, GAFAPZ 9/2023.

Modified nanofibrous membranes for tissue engineering
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ABSTRACT

Nanofibrous membranes are widely used in biomaterial research and tissue engineering because of
their ability to mimic the structure of extracellular matrix (ECM). They can be prepared from natural,
synthetic or composite materials [1]. Poly (e-caprolactone) (PCL) is a synthetic polymer with
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excellent biocompatibility and has therefore been extensively investigated in tissue engineering in
form of various scaffolds. However, due to its hydrophobic nature and poor mechanical properties,
PCL should be modified to overcome these limitations and widen its area of application [2]. In this
study, we developed nanofibrous membranes based on PCL and modified them with magnetic
nanoparticles (MNPs) and L-ascorbic acid (AA) for bone regeneration applications. The
incorporation of MNPs into the membranes provides a unique opportunity for non-invasive
mechanical and magnetic stimulation of cellular activity [3], while AA plays an essential role in
collagen synthesis and bone development [4].

MNPs were synthesized by the coprecipitation method followed by the grafting of e-caprolactone
through ring-opening polymerization. Such surface-modified nanoparticles were introduced into the
PCL matrix solution which was further functionalized with AA and used for the production of fibers
by the electrospinning method. We investigated the effect of different MNPs and AA content in the
membranes on their physiochemical properties and their biological response toward SAOS-2
osteosarcoma (bone cancer) cells. Modification of PCL membranes with MNPs resulted in an
increase in Young’s modulus and enhancement in tensile strength, while modification with AA
improved mechanical properties only at higher concentrations. The metabolic activity of cells
gradually decreased over time on the membranes. Furthermore, higher content of AA significantly
deteriorated the metabolic activity of the cells compared to the control membranes without AA. Our
findings suggest that modification of nanofibrous membranes with MNPs improved their mechanical
properties and higher content of AA impeded metabolic activity of SAOS-2 cells, which could
potentially make them a good biomaterial for bone regeneration of osteosarcoma patients. Further
experiments will be conducted in the future to evaluate the osteogenic properties of the membranes.

KEYWORDS

Nanofibrous membrane, bone tissue engineering, magnetic nanoparticles, ascorbic acid.

Acknowledgments: Supported by Praemium Academiae grant (No. AP2202) provided by the Czech
Academy of Sciences and the Czech Science Foundation grant (No. 20-07015S).
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ABSTRACT

The electrochemical oxygen reduction (ORR) lies at the heart of fuel cell devices. However, a new
paradigm has been shaped very recently to exploit this reaction for the synthesis of hydrogen peroxide
(H20,).! H20; is a highly relevant industrial chemical, and its sustainable synthesis is one of the
central goals of current research. Being ubiquitous in many commercial products, the sensing of H2O»
is also an important matter to fulfil current European regulations on the acceptable limits of chemicals
within commercial products.

Carbon nanostructures (CNSs) represent one of the latest forefront materials in heterogeneous
catalysis. The electrosynthesis of new metal-free CNS based catalyst for selectively triggering ORR
to produce H20: is an outstanding achievement that matches current guidelines on sustainability. Our
group has been exploring the rational development of functionalized, doped, or metal modified carbon
nanostructures for triggering selective electrocatalytic 2-electron O> reduction to H>O> with high
activity and selectivity, discovering several important structural features to be accounted for in this
catalytic process.

Here, the trajectory towards carbon-based catalysts with ever improved efficiency is outlined, starting
from our very first contribution, that set in 2018 one of the state-of-the art in H,O» electrosynthesis,
based on carbon nanohorns (CNHs) enveloped within a shell of graphitized polydopamine (Figure
1).2

HNO; 69% 0
—O
35°C 3h

OH

O Tris Buffer pH 8.5

r.t. overnight

PCNHs Ox-CNHs

Figure 1: Synthetic scheme of the electrocatalyst for H,O, synthesis and TEM images of all intermediates
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The talk will then dig deep into the integration of metal cores within doped carbon shell,® and discuss
in-depth analysis of the ORR framework in acidic environment,* also uncovering the criticality of
surface vs bulk composition of catalysts in the design of 2-electron ORR electrocatalysts. A flavor
on transferring fundamental work onto macro-scale setups for real application will be finally given,
with an example of our recent efforts in cell design and parameter optimization.’

Acknowledgements: The authors gratefully acknowledge the support from the European Union's Horizon
2020 project SAN4Fuel (HORIZON-WIDERA-2021-ACCESS-03-01: 101079384
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ABSTRACT

Ti0O> has the capability to act as a photocatalyst by generating electron-hole particles on its surface
when exposed to UV radiation. This electron-hole pair has the ability to catalyze various reactions,
including the decomposition of water and the formation of the H> molecule. However, the efficiency
of TiO2 photocatalyst is limited due to its narrow absorption spectrum, low quantum efficiency, and
high recombination rate of electron-hole pairs.

The effectiveness of TiO> photocatalysts depends on several factors, such as the coordination of the
Ti atom, which includes 3-, 4-, or 5-coordinated Ti atoms. These coordination types influence
electronic properties, such as multiplicity, resulting in varying reactivities of these sites. To
understand the reactivities of a specific surface type, a detailed characterization of surfaces in terms
of these properties is essential.

In this contribution, we focus on investigating the electronic properties of anatase surfaces and their
characterization using IR spectra of CO probe molecule, which is readily available through the
experimental method. To achieve this, we consider different computational approaches like cluster
models and periodic crystal model calculations. Furthermore, we analyze the influence of water
molecules on these surfaces using both molecular dynamics simulations and static calculations. This
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provides a more realistic model of the system and enhances our understanding of the electronic
properties of anatase surfaces.

The approach discussed here provides an opportunity to establish a connection between Ti sites of
varying coordination, and hence electronic properties, with different levels of effectiveness in various
photocatalyzed reactions.

Acknowledgements: The work was supported by the Czech Science Foundation, project 19-27454X.
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ABSTRACT

The main aim of this research was the preparation of a polymer—ceramic composite with PA-12 as
the polymer matrix and modified aluminosilicate cenospheres (CSs) as the ceramic filler. The CSs
were subjected to an early purification and cleaning process, which was also taken as a second
objective. The CSs were surface modified by a two-step process: (1) etching in Piranha solution and
(2) silanization in 3-aminopropyltriethoxysilane. Second aim was to conduct artificial ageing tests on
polymer-ceramic composites prepared from polyamide PA-12 polymer matrix for medical
applications and three different variants of ceramic fillers: zirconia, alumina and cenospheres. Before
ageing, the samples were subjected to ethyl oxide sterilization. The composite variants were prepared
for 3D printing using the fused deposition modeling method. The control group consisted of
unsterilized samples. Samples were subjected to artificial ageing in a high-pressure autoclave. Ageing
conditions were calculated from the modified Hammerlich Arrhenius kinetic equation. Ageing was
carried out in artificial saliva. After ageing the composites were subjected to mechanical (tensile
strength, hardness, surface roughness) testing, chemical and structural (MS, FTIR) analysis, electron
microscopy observations (SEM/EDS) and absorbability measurements.

KEYWORDS
PA-12 Composites. Oxide Ceramics. Degradation Tests. 3D Printing.

NanoOstrava 2023 172



Topic 3 oP

INTRODUCTION

Polymer—ceramic composites (PCCs) are increasingly used in biomaterials engineering as functional
layers, structural materials, and degradable elements in the human body'-2. Due to their potential for
replacing metals and their alloys, much hope is placed on PCCs for structural applications® and most
attention has focused on composites with polymer matrixes of PEEK, PET, PA, and PU*’. PEEK is
a good alternative to ceramics and some metal alloys, especially when used in dental prosthetics for
fixed prosthetic frameworks or generally fixed prostheses. However, it suffers from significant costs
and problems during manufacturing, i.e., high injection temperatures and high unit prices. PA-12 is
used increasingly in additive manufacturing and allows extensive processing for additive
manufacturing.

EXPERIMENTAL/THEORETICAL STUDY

FTIR. Tests were carried out using a Shimadzu IR Tracer-100 Fourier Transform Infrared
Spectrophotometer (Michelson interferometer, beam splitter: KBr germanium coated, light source:
high-energy ceramics, detector: DLATGS detector) using a multi-reflection ATR attachment
equipped with a diamond prism.

MS. High resolution MS analyses were performed on a Waters Xevo G2 Q-TOF mass spectrometer
(Waters Corporation, Milford, MA, USA) equipped with an electrospray ionization (ESI) source
operating in positive ion modes. MS data were collected from 100 to 2000 Da in positive ion mode
with scan time of 0.1 s.

SEM/EDS. Morphology observations of samples were made using a TESCAN VEGA scanning
electron microscope (SEM) equipped with secondary electrons (SE) and backscattered electrons
(BSE) detectors in low vacuum. Chemical composition was determined using energy dispersive X-
ray spectroscopy (EDS, Oxford Instruments EDS probe with Aztec software).

CONCLUSION

In this study, we evaluated the effect of artificial ageing in SBF for PA-12 composites with zirconia,
alumina and CSs. The ageing model was calculated according to Hammerlich’s modified Arrhenius
kinetic equation. The artificial ageing test was calculated so that the entire degradation process
corresponds approximately to the exposure of human saliva at 37 °C for 365 days.

Acknowledgements: The research was partially supported by the Rector’s of The Silesian University of
Technology Habilitation Grant 07/020/RGH20/0062 and Grant of Polish Ministry of Science and Higher
Education 07/020/BK_22/0073. This work was also partially supported by the project IT4Innovations national
supercomputing centre—path to exascale project (CZ.02.1.01/0.0/0.0/16-013/0001791) and “Science without
borders” projects CZ.02.2.69/0.0./0.0./16_027/0008463 within the Operational Programme Research,
Development and Education, Ministry of Education, Youth and Sport of the Czech Republic SP2021/106 and
SP2022/31.
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ABSTRACT

The Nanospider™ machines can produce nanofibers from a wide range of polymers. Elmarco product
portfolio includes lab equipment intended for in-house research and development, semi-industrial
equipment for high value and low volume products, and fully industrial equipment capable of high
volume production.

Since Elmarco laboratory equipment uses the same Nanospider™ needle-free electrospinning
technology as in the industrial production lines, the experimental work and research can be readily
transferred to industrial production equipment which aides in commercializing different ideas.

High spatial resolution X-ray microscopy - a new technology approach
for the research laboratory

M. Samadi Khoshkhoo!

Carl Zeiss, s.r.o., Praha, Czech Republic

ABSTRACT

The progress of scientific research and technology development depends heavily on effective imaging
solutions to characterize the properties and behaviors of materials. Revealing details of
microstructure, ideally in 3D, is a critical part of this understanding, whether developing and
confirming models that describe material properties and behavior, or simply visualizing structural
details. ZEISS offers 3D X-ray microscopes (XRM): advanced imaging solutions that have overcome
major hurdles to three-dimensional imaging by providing high-contrast, sub-micron imaging, even
for relatively large samples. These breakthrough advances in nondestructive, three-dimensional (3D)
imaging enable a wide range of engineering disciplines.

The nondestructive nature of X-ray microscopy (XRM) enables multiscale or multimodal imaging of
the same sample for analysis the hierarchical structures. Two families of X-ray microscopes are
available for this purpose and will be presented in this talk. These include the Zeiss Xradia Versa and
Zeiss Xradia Ultra laboratory-based X-ray microscopes. They provide the highest resolution for the
study of internal structures at true spatial resolutions from submicron (< 450 nm for Versa) to
nanometer (< 50 nm for Ultra). 3D-XRM architectures feature several key advantages, including
characterization of large samples without loss of resolution, high contrast for improved clarity,
minimal sample preparation, the ability to perform in situ experiments, and synchrotron-quality
imaging in a laboratory system. Whereas traditional CT systems rely on single-stage geometric
magnification, Xradia Versa features a combination of unique two-stage magnification optics and a
high flux X-ray source to produce faster sub-micron scale resolution images across the widest range
of intact sample sizes and types. In addition, it provides excellent contrast capabilities through
different imaging modes, i.e., (i) absorption, (ii) absorption and propagation phase contrast, (iii) dual-
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energy scanning modes, and (iv) diffraction contrast tomography. On the other hand, the innovative
Xradia Ultra architecture, with unique X-ray optics adapted from synchrotron technology, features
absorption and phase contrast resolving the microstructure down to 50 nm spatial resolution.

These unique features make all families of X-ray microscopes powerful tools for applications in a
very wide range of scientific and industrial fields. Correlative workflow from XRM to FIB-SEM is
also presented as a unique technique for comprehensive multiscale characterization of a large number
of samples.

Photocatalytic activity of nano-ZnS under different types of radiation
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Materials Science and Technology, VSB-Technical University of Ostrava, Czech Republic
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ABSTRACT

The assessment of reaction conditions on the photocatalytic activity (PA) of nano-ZnS samples under
UV and sunlight radiation is performed. Two methods were used for nano-ZnS synthesis:
conventional hydrothermal method and microwave-assisted hydrothermal method. X-ray powder
diffraction (XRPD), scanning electron microscopy, UV-VIS diffuse reflectance spectroscopy (DRS),
Fourier-transform infrared (FTIR) spectroscopy and Raman spectroscopy were used for the
characterization of samples prepared under various reaction conditions. The XRPD, FTIR and Raman
spectroscopy results indicate that all samples have cubic ZnS phase (i.e. sphalerite). UV-VIS DRS
was used to determine the direct bang gap energy. Nano-ZnS prepared by conventional hydrothermal
synthesis with reaction time 3.5 h and sulphur : zinc molar ratio 1 : 2 showed the highest PA value
under the UV radiation. Photocatalytic tests under the sunlight radiation led to the very similar PA
results for both synthesis methods, even with a slightly faster onset, and PA > 90 % was recorded
after 8 h. Although both methods are suitable for preparation of highly photocatalytic nano-ZnS, the
microwave-assisted hydrothermal synthesis has a great potential mainly for its short reaction time
(0.5 h) compared to the lengthy conventional hydrothermal synthesis.
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ABSTRACT

Radiation-assisted synthesis of nanocomposites involves using mostly ionizing radiation, such as
gamma rays or electron beams, to induce chemical reactions that result in the formation of nanoscale
materials. This method is often used to produce metal or metal oxide nanoparticles, as well as other
types of nanomaterials with unique properties. The process typically involves exposing a solution
containing metal ions or precursor molecules to radiation, which leads to the formation of radicals or
other highly reactive species. These species then react with the metal ions or precursors to form
nanoparticles or other nanoscale structures. One advantage of radiation-assisted synthesis is that it
can be performed at ambient temperature and pressure, making it a relatively simple and cost-
effective method for producing nanomaterials. Additionally, in some cases non-ionizing radiation
like UV and visible light can be used for preparation of nanomaterials as well. All these methods can
be used to control final properties of the resulting nanocomposites, which can be tailored for specific
applications. However, radiation-assisted synthesis can also have some drawbacks, such as the
potential for radiation-induced damage in the final nanocomposites. For this reason, it is important to
be careful in the use of these types of preparation methods.
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ABSTRACT

The Nickel-titanium alloy is widely used for implants in the circulatory system, such as stents and
occluders. The injection of any foreign material into the body is associated with possible side effects.
The risk regarding NiTi implants are the formation of blood clotsor the release of nickel ions into the
body. One of the possibilities to improve hemocompatibility properties is to use different types of
coatings. Potential for use in cardiovascular system due to its good corrosion resistance and resulting
biocompatibility have tantalum compounds, therefore, a Ta>Os coating was applied to the NiTi alloy.

The aim of the tests was to determine the corrosion resistance before bending (0°) and after bending
the wire by angles of 40°, 80° and 120° angles without and with coating. For the study, electropolished
NiTi alloy wires with a diameter of 0.178 mm were used. Then, a Ta;Os coating was applied by the
Atomic Layer Deposition method. Pitting corrosion resistance tests were carried out using the
potentiodynamic method at 37 °C, in phosphate-buffered saline (PBS) solution. The results allowed
to determine the effect of bending the Ta>Os coating on the corrosion resistance of the NiTi alloy.
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Simple method for prediction of preferred crystallographic orientation
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ABSTRACT

Preferred crystallographic orientation of two crystalline materials can be predicted by calculating the
number of overlapping atoms of two adjacent (hkl) planes, each of which belongs to one of the
materials. Originally developed as an auxiliary tool for computer modeling of metal oxide
nanoparticles on crystalline substrates, the method of determining the preferred crystallographic
orientation has proven to be a stand-alone tool that is simpler and faster for the given purpose
compared to the modeling. In this method, the crystalline material is represented by one layer of
atoms from a given (hkl) plane. The atoms from (hkl) plane of one material are overlapped by the
atoms from (hkl) plane of the other material so that all atoms lie in the same Euclidean plane. The
average number of overlaps after rotating one (4kl) plane relative to the other (hkl) plane by 360°
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quantifies the structure compatibility of the two planes — the higher the average number of overlaps,
the higher the probability of the preferred crystallographic orientation. The method was verified by
comparison with experimental observations of real samples as well as with the results of molecular
modeling.
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Atomic resolution of AFM in 5 minutes; news in nanoparticle
characterization
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ABSTRACT

The behavior and properties of many modern materials highly depend on their structural, mechanical
and electrical properties at the nanoscale. AFM with its extreme x-, y-, and z-resolution is nowadays
instrument to understand the properties of a large variety of materials at this scale. Thereto, AFM not
only measures the 3D topography of materials but also offers a large suite of measurement modes
that allow correlating topography with the respective properties.

With the DriveAFM, Nanosurf recently introduced a new tip-scanning AFM which not only provides
high-performance AFM measurements but also impresses with the integration of full system
motorization and CleanDrive photothermal excitation. Here, we will show, how the technological
advances of the DriveAFM provide ease of use, enable new, fast imaging techniques, and most
importantly deliver insights into material properties down to the level of atomic lattices. Examples
given will include different types of measurements on 2D materials, polymers, biological samples,
electric and magnetic materials.

Other techniques and news for nanoparticle characterization will be also mentioned.

KEYWORDS
AFM, KPFM, nanostructures, graphene, nanoparticles.
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ABSTRACT

Metal nanoclusters has attracted much attention due to their unique abilities. For instance gold-based
nanoclusters have been studied due to their optical and potential application in photothermal and
radiation therapy as well as contrast agent . Therefore, in vivo toxicity of gold clusters has received
much interest. It has been found that gold clusters toxicity depends on size, shape, exposure dose and
surface coating or envelope !. Radiation therapy (RT) in which ionizing radiation is employed to
trigger DNA damage and kill cancer cells, has been extensively used in clinical cancer treatment in
the past several decades 2. However, RT has its limits of application for example hypoxia of tumor
tissues within many solid tumors. It is known that oxygen plays an important role in RT-induced cell
death, owing to the mechanism whereby oxygen can stabilize the radiation-induced DNA breaks and
prevent them from being repaired by cells themselves. Therefore, the inadequate oxygen supply in
the tumor microenvironment caused by the rapid growth of tumor cells can often lead to the resistance
of tumors to radiotherapy. To increase the level of oxygen or other reactive species in tumors and
challenge the hypoxic tumor microenvironment, many methods have been reported including the
employment of nanomaterials (e.g., perfluorocarbon) or gold nanoclusters to generate reactive species
in the tumors >°. By encapsulating Fe in albumin-stabilized metal nanoclusters, together with the
targeted agent paclitaxel as a theragnostic agent for MRI and photothermal therapy of cancer cells, a
better effect can be achieved, as shown in Figure 1 *,

r=1.20

MRIEnhanced ™%

&
‘ ‘ Self-Assembly
¥4
=

'+ D “ﬁ‘ Chemo-Photathermal therapy
AR h
“! %, hA .
-,1‘ . - |"’... ..
o ‘ J P
’f Dt et

I A “,' l. .. .
'Ij‘l ‘t

el sl

Low Tumor Accumulation High Tumor Accumulation
‘ GA-Fe@BSA Paclitaxel (PTX) . GA-Fe@BSA+PTX

Fig. 1: Schematic representation of the fabrication process and application of GA-Fe@BSA-PTX self- assembled

nanoclusters in tumor therapy under a laser. Extracted from *.

NanoOstrava 2023 179



Topic 3 PP

KEYWORDS

Albumin, Nanoclusters, Fluorescence, Probe, Imaging
Acknowledgments: We thank for the financial support to SGS project number SP2023/095.

REFERENCE

1. X.D. Zhang, D. Wu, X. Shen, P.X. Liu, F.Y. Fan, S.J. Fan, In vivo renal clearance, biodistribution, toxicity of gold
nanoclusters, Biomaterials. 33 (2012) 4628—4638. https://doi.org/10.1016/j.biomaterials.2012.03.020.

2. J. Chen, Q. Chen, C. Liang, Z. Yang, L. Zhang, X. Yi, Z. Dong, Y. Chao, Y. Chen, Z. Liu, Albumin-templated
biomineralizing growth of composite nanoparticles as smart nano-theranostics for enhanced radiotherapy of tumors,
Nanoscale. 9 (2017) 14826—-14835. https://doi.org/10.1039/c7nr05316a.

3. G. Song, C. Liang, X. Yi, Q. Zhao, L. Cheng, K. Yang, Z. Liu, Perfl uorocarbon-Loaded Hollow Bi 2 Se 3
Nanoparticles for Timely Supply of Oxygen under Near-Infrared Light to Enhance the Radiotherapy of Cancer, (n.d.).
https://doi.org/10.1002/adma.201504617.

4. L. An, C. Yan, X. Mu, C. Tao, Q. Tian, J. Lin, S. Yang, Paclitaxel-Induced Ultrasmall Gallic Acid-Fe@BSA Self-
Assembly with Enhanced MRI Performance and Tumor Accumulation for Cancer Theranostics, ACS Appl. Mater.
Interfaces. 10 (2018) 28483-28493. https://doi.org/10.1021/acsami.8b10625.

Effects of external electric fields on the structure of oligo(ethylene
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ABSTRACT

The structure of polymers subjected to electric fields is of interest in several applications, notably in
the electrospinning technology'. In this contribution, we attempt to model the structural response of
an oligo(ethylene glycol) (OEG) chain of various lengths to an external electric field of several
different intensities in water or methanol. In a molecular dynamics (MD) simulation, we characterize
the anisotropy of the average shape of the coil by quantities derived from the gyration tensor. The
distribution of the cosine of the angles of the monomer unit vector and the dipole moment vector with
respect to the electric field direction is calculated. Results show that the coil in both solvents becomes
an increasingly anisotropic and adopts oblate average shape with stronger fields. The monomer units
of the chain in water and in methanol orient at angle of around 70° and perpendicular to direction of
the electric field, respectively. The monomer dipoles of the chain in both solvents point an
increasingly in field direction.
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INTRODUCTION

The interaction of polar molecules with an external electric field provides a tool for manipulating
molecular structure. And this is also the case for polar polymers, which can undergo complex
structural changes due to the external electric field. The study of such changes in the polymer structure
is of great importance, for example, for the technology of electrospinning'. The microscopic changes
caused by the electric field influence both the quality of the electrospinning process and the properties
of the resulting materials. In previous molecular modeling studies', special attention was paid to
modeling the dynamics of the initial stages of the process of electrospinning of polymer solutions. In
this contribution, our recent molecular dynamics simulation study” is extended by including short
ethylene glycol oligomers. In an effort to explain the results of work? molecular dynamics
simulations are carried out to study the structure of mono-, di-, tetra-, octa- and hexadekaethylene
glycol in water and methanol.

EXPERIMENTAL/THEORETICAL STUDY

All MD simulations were performed with the GROMACS software® (version 5.1.1) using the leap-
frog integrator with a 2 fs time step. The oligo(ethylene glycol) chain and methanol were described
by using the GROMOS 53A60XY+D forcefield*. The simple point charge (SPC) model® was used
for water molecules. The polymer chain was placed and solvated in a dodecahedral rhombic box. The
simulations were performed with periodic boundary conditions in all directions. All of the molecular
dynamics simulations were carried out in canonical (NVT) ensemble at a constant temperature of 300
K without an electric field first, then with the applied external electric field in the positive z-axis
direction. The intensity of the electric field ranged from 1 V/nm to 5 V/nm. The bond lengths in the
OEG chain and the full rigidity of methanol molecules were constrained using the P-LINCS
algorithm®. The full rigidity of the water molecules was enforced by means of the SETTLE
algorithm’. The particle-mesh Ewald method® was used to calculate long-range electrostatic
interactions. The molecular dynamic simulation time was 500 ns.

RESULTS AND DISCUSSION

The system consisting of a single hydroxyl-terminated OEG chain (comprising 1, 2, 4, 8 or 16
ethylene glycol units) and a solvent (water or methanol) was simulated at a constant temperature of
300 K without the presence of an electric field and with an applied electric field in the positive z-axis
direction. The deformation ratios at different intensities of the electric field in both solvents were
calculated. The deformation ratio of the coil in both solvents decreases. Originally isotropic coil
deforms into a spheroidal average shape with the applied electric field. In both solvents the spheroid
is oblate. The distribution of the cosine of the angles between the monomer unit vector and the electric
field direction, and between the dipole moment vector and the electric field direction was calculated.
In water, the monomer units of the chain orient at angle of around 70° whereas, in methanol, the
monomer units orient perpendicular to the electric field. The monomer dipoles of the chain in both
solvents tend to point in the direction of the field.

CONCLUSION

The effects of external electric fields on the molecular structure of a single OEG chain of different
lengths in water and in methanol were investigated using molecular dynamics simulations at 300 K.
The deformation of the average shape of the coil is not isotropic. The deformation ratio shows
growing deviations from spherical coil towards an oblate shape for both water and methanol. The
monomer units of the chain in water and in methanol orient at angle of around 70° and perpendicular
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to the field direction, respectively. The orientation of the monomer dipoles of the chain in both
solvents is parallel to direction of the electric field.
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ABSTRACT

The aim of the study was to determine the physical and chemical properties of biodegradable polymer
coatings containing nanoparticle hydroxyapatite. Coatings were applied by ultrasonic spraying and
exposed to a simulated body environment (PBS solution, 37°C). The scope of the research included
scanning electron and acoustic microscope studies, XRD tests, coating adhesion tests by scratch test
method, potentiodynamic tests, EIS measurements and ion release studies. The results show

NanoOstrava 2023 182



Topic 3 PP

beneficial effect of polymer coatings on the biocompatibilty of the titanium alloys and indicate the
suitability of the applied coatings in biomedical applications.

KEYWORDS

titanium alloys, biodegradable polymer coatings, biomaterials, ultrasonic spray coating

INTRODUCTION

Due to corrosion resistance in the tissue environment, biocompatibility, and the value of Young's
modulus similar to the bone elasticity modulus, titanium alloys are widely used in medical
applications, especially in orthopedics. However, it is necessary to propose a surface modification
method to improve their biocompatibility!. The most commonly used method is anodic oxidation,
which provides high corrosion resistance, but does not eliminate the presence of metal ions released
to the environment®. The method, which may reduce the release of alloying element ions, is the
application of polymer coatings®. Moreover, biodegradable coatings can also be a matrix for the
release of mineral substances, such as hydroxyapatite, which can stimulate the process of bone union.

EXPERIMENTAL/THEORETICAL STUDY

The surface of Ti6Al7Nb alloy substrate was ground, sandblasted and anodically oxidated with the
use of the electrolyte based on phosphorus and sulphuric acid at the voltage 97 V. Polymer coating
based on poly(D,L-lactide-coglycolide) PLGA(85/15) was synthesized in bulk by the ring opening
polymerization of glycolide and D,L-lactide at argon atmosphere. Solution of 1% PLGA in CH>Cl»
was enriched with 20% of synthetic nanoparticle hydroxyapatite powder (<200 nm particle size)
(Merck). Coatings was applied by ultrasonic spray system ExactaCoat (Sono-Tek) with Impact nozzle
with following parameters: ultrasound frequency 60 kHz, ultrasound power 1,5 W, speed of nozzle
motion 10 mm/s and liquid’s flow rate 1 cm®/min. Coatings was composed of 15 layers. Samples
were immersed in PBS’s solution at 37°C for 3, 6 and 9 weeks.

The morphology of the samples was analyzed by scanning electron microscopy (Quanta 250 FEG,
FEI Company). Structure of the coatings was characterized by X-Ray diffreaction studies (D8
Advance, Bruker). Adhesion of the coating to the substrate was tested by scanning acoustic
microscopy and (KSI Evo II) and scratch test method (CSM Micro-Combi Tester). Electrochemical
investigation included resistance to pitting corrosion test by the potentiodynamic method
(AUTOLAB PGSTAT 302N, Metrohm) and electrochemical impedance spectroscopy (PARSTAT
4000). The samples were tested both in the initial state and after exposure to PBS's solution.

RESULTS AND DISCUSSION

The PLGA coatings were homogeneous, continuos and transparent (Fig. 1). The distribution of
hydroxyapatite was uniform throughout the coating. The coatings are characterized by good adhesion
to the Ti6AI7Nb substrate which was confirmed by scanning acoustic microscopy and a scratch test.
The application of the coating improved the parameters describing the corrosion resistance in relation
to the metallic substrate. Exposure of the coating to the simulated environment of the organism did
not cause delamination of the coating, which was confirmed by SAM and XRD. In addition, the use
of the coating reduced the density of alloying element ions released from the surface (Fig. 2).
However, it is apparent that the longer the period of contact between the samples and PBS, the lower
the resulting impedance and hence, the corrosion resistance. With the increase in the exposure time,
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an increase in the density of alloying elements released from the surface and the release of
hydroxyapatite from the coating was observed.
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Fig. 2. Results of ions release studies

CONCLUSION

Homogeneous polymer coatings containing the nanoparticles (HAp) can be produced on the surface
of anodized titanium implants for osteosynthesis by the ultrasonic spray coating. This method of
surface modification could improve the biocompatibility and biofunctionalization of the surface of
titanium implants, by limiting density of metal ions’ release and stimulating the bone healing process
by release of hydroxapatite.
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ABSTRACT

Today and every day we encounter nanoparticles in both positive and negative senses. They are
ubiquitous, which is why it is necessary to characterize their properties not only physico-chemically,
but in relation to us as living organisms as well. It is necessary to find out their input into the body,
their concentration, and their action in the body chronically or acutely. In this context is also necessary
to find out remains concentration in the organism in the long term, or how long it takes for a given
nanoparticle to be eliminated from the organism. Nanoparticles can be present in air, water and soil,
they can enter to the body in several ways. '2

Considerable attention has been paid in recent years to airborne nanoparticles. Their effect on living
organisms can be studied by two approaches, a) dry or b) wet deposition. Wet deposition takes a very
short time and carries the nanoparticles over a smaller distance. From the air, it is transported by rain
and snow. Dry deposition, on the other hand, is a longer-term phenomenon, the nanoparticles travel
long distances and are transported by wind back to the ground until they become trapped on an object
or organism. A typical dry deposition for us Europeans is the Sahara sand, which sometimes falls on
our Czech territory. 2

This paper focuses on the effect of a frequently used type of nanoparticles nanoparticles - titanium
dioxide (Ti0y). The titanium dioxide is found not only in paints, toothpastes, food additives, paper,
ink, medicines, plastics or products used for personal hygiene. Other uses include water purification,
the manufacture of energy equipment and soil remediation. *

A problem arises with the characterisation of the toxicity of TiO2, where it was originally classified
as a benign material. However, with increased use, its toxic properties are emerging. When used in
sunscreens, one must be present in the sun for the EC50 value to drop almost 500 times. Toxicity is
also reduced by the formation of clumped TiO: particles. > For these reasons, the toxicity of TiO:
nanoparticles must continue to be studied.
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ABSTRACT

Tungsten ditelluride (WTez) possesses Type-11 Weyl semimetal band structure and is predicted to
host topologically protected one-dimensional hinge states in certain crystallographic directions
making it a potential candidate for future applications in spintronics, and for fundamental studies of
exotic charge transport via topologically protected states. Nanowire geometry is particularly
important to study and exploit unconventional properties, as WTe> bulk semimetalic behaviour
hinders topologically protected state charge transport.!

In this study two-step chemical vapor deposition method was used to obtain WTe, nanowires.
Tungsten oxide (WOx) nanowires were initially produced, and their growth was observed to rely on
various synthesis parameters, such as pressure, growth time, substrate and precursors. Two
approaches were employed to obtain the nanowires: with NaCl precursor additive and without.
Subsequently, obtained WOx nanowires were converted to Wte, by tellurization. The W:Te
stoichiometry of the resulting nanowires was found to be influenced by various synthesis parameters
such as temperature, synthesis time, and distance between the WOx nanowire substrate and tellurium
precursor.

KEYWORDS

Type-1I Weyl semimetal, Nanowires, Tungsten ditelluride

INTRODUCTION

Weyl semimetals and Higher-order Topological Insulators (HOTIs) are complementing class of
topologically nontrivial materials, hosting unconventional, conducting states where charge carrier
transport is protected against scattering. Tungsten(IV) telluride (Wtez) is one of the most prominent
member among these materials, and it has gained significant attention in recent years due to its unique
electronic and thermoelectric properties.?

In addition to the properties of Type-II Weyl semimetal, WTe> also has high magnetoresistance, and
in a few - layer thin structures — superconductivity. These properties are important for the study and
demonstration of various fundamentally new effects, for example exotic particles - Majorana
fermions. Topologically non-trivial materials in the form of nanowires are particularly important in
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these studies, because nanowires have a significantly reduced number of conductance channels,
which facilitates the detection and isolation of unconventional charge transport.'>*

EXPERIMENTAL/THEORETICAL STUDY

The synthesis was carried out in a two-zone tube furnace on Si or Si/SiO> substrates. WTez nanowires
were obtained by tellurization of previously grown WOx nanowires using two-step chemical vapor
deposition method. In both steps synthesis parameters such as temperature, time, precursors etc. were
investigated. The morphology and chemical composition of the WTe, nanowires were characterized
by scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), transmission
electron microscopy (TEM) and atomic force microscopy (AFM). Electron beam lithography (EBL)
was used for fabrication of electrical contacts to individual nanowires.

RESULTS AND DISCUSSION

WOx nanowires were grown on Si and SiO; substrates, using WO3:NaCl or pure WO3 powder as
source material. For the growth of WOx nanowires from the WO3:NaCl, the most optimal synthesis
parameters were established. Growth pressure of 3 Torr facilitates formation of droplet-like
structures, while at lower pressure conditions nanowires are found to nucleate from the droplet-like
structures. The droplet-like structures only form on Si/SiO; substrates, while Si substrate provides
growth of “free standing” nanowires, rooted on the Si substrate, indicating different growth
mechanism. By varying the growth time, it is possible to control the dimensions of the nanowires.

Na-free WOy nanowires growth requires higher temperature (950°C) and longer time for sublimation
of WO3 powder, however, these nanowires have smaller diameters (20 — 50 nm) than those
synthesized from the WO3:NaCl (70 — 300 nm).

WTe; nanowires were obtained from the WOy, grown on different substrates, via tellurization in
H»/Ar environment. By varying the temperature and the synthesis time, W : Te stoichiometry close
to ratio of 1:2 was obtained.

Fabricated nanowire devices were measured at room temperature and initial characteristics such as
electrical contact properties were determined.

CONCLUSION

Relatively small-diameter nanowires and nanoribbons of WTe: can be fabricated via conversion of
WOx nanowires, grown from pure WO3 powder, on Si substrates. In order to obtain W : Te
stoichiometry close to 1 : 2, ambient pressure conditions and Ho/Ar flow is essential. In the further
studies of the nanowire charge transport properties, method for fabrication of ohmic contacts to the
WTe; is of great importance.

Acknowledgments: This research is funded by the Latvian Council of Science, project No. Izp-2021/1-0302.
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ABSTRACT

Corrosion is a spontaneous reaction between a material, often a metal, and its surroundings. This
process leads to the deterioration of the material. The protection of metal objects against unwanted
corrosion is a key issue in the chemical industry. There are several corrosion prevention methods that
aim to create a protective barrier between the metal surface and corrosive stimulators. Such methods
most often include surface modifications, barrier coatings, and paint systems. At the beginning of the
20" century, the tri-cationic phosphating method was developed. This newly established corrosion
prevention method is a type of conversion coating and today, it is commonly used in many industries.
The process of tri-cationic phosphating can be divided into two main steps — the activation step and
the phosphating step. The activation step plays an important role in this process as it can determine
the qualitative and quantitative nature of the resulting phosphate layer. However, this process is
burdened using heavy metals, such as nickel and cobalt. This study concerns the first innovation phase
of this process and compares different grinding methods. Their optimization of these methods leads
to the development of an effective grinding process that would be used in the preparation of novel,
heavy metals-free activation concentrates.

KEYWORDS

Zinc phosphate, phosphating baths, micronization, corrosion, jet grinding

INTRODUCTION

Corrosion prevention is one of the most comprehensive fields of industrial chemistry. Protecting the
surface from corrosive stimulators, such as ambient moisture, hostile ions, and molecular oxygen,
can be done in a variety of ways. One such method is conversion coatings, which consist of an
insoluble layer of inorganic substance or an amorphous film. Conversion coatings are formed between
the surface of a metal and a solution in which the metal is immersed. The chemical reaction between
the metal's surface and the solution partially modifies the metal's outermost layer into compounds
with a lesser sensitivity to undercorrosion. Phosphating, a type of conversion coatings, is the surface
conversion process for steel that is typically used as a basis for organic topcoats. Tricationic
phosphating, a crucial step in the phosphating process, consists of zinc dihydrogen phosphate and
additional cations, such as Zn*', Co?*, Ni*", and Mg?". However, cobalt and nickel ions are
environmentally hazardous and banned from industrial processes. suitably micronized zinc phosphate
dihydrate, p-Zn3(POz), - 2H>0, has been hypothesized to reduce or eliminate heavy metals from the
phosphating process. The micronized zinc phosphate dihydrate acts as a nucleus on the metal surface
and generates a phosphate layer of adequate purity. [1] [2]
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EXPERIMENTAL/THEORETICAL STUDY

The quality and characteristics of the resulting phosphate layer, such as thickness, are greatly
impacted by the metal surface activation step. The purpose of this comparative study is to determine
the quality of different grinding methods in terms of their resulting particle size distribution. The
input zinc phosphate dihydrate particle size was analyzed by Mastersizer 3000 particle analyzer. The
samples were ground by one of the three distinct mills: the planetary mill, the vibrating disc mill, or
the jet mill. Particle size analysis of input material was repeated after grinding.

RESULTS AND DISCUSSION

The results of the particle dispersion analysis are summarized in Table 1. The particle sizes Dx (10),
Dx (50), and Dx (90) represent the respective proportion of particles with a diameter smaller than or
equal to the specified Dx value. Hence, the Dx value is an essential indicator of particle size values
inside a given system. To quantify the width of the particle distribution, the particle distribution span
was determined as the difference between Dx (90) and Dx (10) over Dx (50). The M 12—60 sample
had the largest variation, rendering it unsuitable for application as it could result in an inconsistent
and of poor-quality coating. Despite the low span of the Nubirox sample, it was deemed unsatisfactory
due to its high Dx (90) value, which was the highest of all the evaluated samples. Despite the desirable
grain dimensions of the ZP-10 material, it was not used in further investigation due to its instability
(grain redistribution) during particle dispersion measurement. Zinc phosphate PZW2 was chosen as
the input material for additional testing because its particle size distribution was the most ideal for
utilization in phosphating due to its somewhat low span, resulting in a uniform coating, and fine grain
size as determined by its low Dx (90). In addition, the material's stability prevented the oversaturation
of particles and their subsequent expansion as a result of the precipitation of dissolved phosphate. In
the following investigation, PZW?2 was ground using either the planetary mill, the vibratory disc mill,
or the jet mill. Our results show that jet milling (method C) achieves the smallest particle size and the
shortest distribution range. The particle size distribution of PZW2 samples ground using the planetary
mill (A0-AS), the vibratory disc mill, (BO-BS), and the jet mill (C1), are shown in Figure 1. The
corresponding particle distribution range is shown in Figure 2. Method A, the FRITSCH Pulverisette
6 planetary mill, yields a Dx (90) as low as 33.50 um, as depicted in Figure 1. In accordance with
technique B, the RS 200) vibratory disc mill, the average Dx (90) was 156.00 um. With technique C,
the STURTEVANT jet mill, the measured Dx (90) was 3.20 pm. This difference in Dx (90) between
milling procedures A and B could be attributed to the differing grinding medium or grinding speed,
however these were chosen to provide the most efficient grinding in industrial settings. In Fig. 2. it is
feasible to discern a causal relationship between techniques A and B, as the particle size drops and
subsequently grows. This phenomenon is the result of the Ostwald ripening physico-chemical
processes that occur spontaneously during grinding to achieve a more thermodynamically stable state.

Table 1. Particle Size Distribution.

Sample Dx(10) (um) Dx(50) (um) Dx(90) (um) Span (um)
Nubirox 391 10.8 20.4 1.547
Zinc Phosphate PZW2  2.29 6.67 15.5 1.988
ZP-10 1.71 4.37 8.64 1.610
M 12-60 1.11 6.01 20 3.107
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Fig. 2. Particle size distribution of PZW2 samples.
CONCLUSION

The results of this preliminary investigation indicate that the jet milling method produces superior
outcomes when compared to the other milling methods described in this study. This variance is
considered due to the nature of jet milling. In the corundum chamber, the particles are crushed against
each other at high speed and energy, as opposed to being milled by a friction force as in processes A
and B. It is feasible to achieve a smaller particle size and a narrower particle size dispersion with the
jet milling process. In order for a high-quality phosphate layer to form on a metal surface, jet milling
has the ability to prepare micronized zinc phosphate dihydrate as a nucleus. The development of this
technique could result in safer and more environmentally friendly phosphating processes and hence
deserves more attention. In order to evaluate if the differences in Dx (90) are a result of the varied
milling medium or other factors, it is required to repeat the measurements with the same speed and
volume for mills A and B in future research. In order to acquire statistically meaningful results, it is
necessary to repeat the jet milling measurements with a larger sample size. The authors plan to study
other zinc phosphate dihydrate samples and milling techniques in the future.
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= Minimal need for sample preparation

* Program up to 14 samples at a time to run
sequentially with optional Autoloader

= XRM Python API for customized instrument
control
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