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TRANSFORMACIA ENERGIE DO CHEMIKALIi A PALIV POWER-TO-X-TECHNOLOGY

M. Bajus
Fakulta chemickej a potravinarskej technoldgie STU Bratislava

V predndske sa zameriam na pochopenie klu€ového postavenia petrochemického
priemyslu, pri transformacii energetiky formou integracie obnovitelnych alebo nizko-
uhlikovych alternativ. KIt¢om k dekarbonizacii je Power-to-X-Petrochemical Technology.

Prvym krokom je zachytdvanie oxidu uhli¢itého. NajcastejSie sa spomina v spojeni
s potencialnym rieSenim krizy globalneho oteplovania. Podla Medzindrodnej energetickej
agentury (IEA) v roku 2023 emisie oxidu uhli¢itého predstavovali 36,8 megaton. Svacésinou
zachyteného uhlika sa vSak v suéasnosti naklada ako s odpadom. Zachytené mnozstvo sa
likviduje, a nepouziva zmysluplnym spésobom. Napriek tomu, z hladiska trvalo
udrzatelného rozvoja, zhodnocovanie oxidu uhli¢itého mozZe patrit medzi velmi pritazlivé
vychodiskové suroviny pre chemické technolégie. Avsak, ponukne ekonomicky potencial
len vtom pripade, ked sa tato nizko-uhlikova zlucenina, ako vychodiskova surovina,
konvertuje na lacnejSie chemikalie a paliva v porovnani s ich su¢asnymi cenami.

Vdaka tomu, pre tie krajiny, ktoré sa snazia dosiahnut nulové uhlikové emisie sa vodik
stane kltéovou sucastou dekarbonizaéného retazca v chemicko-technologickych uzloch.
Na dekarbonizaciu sa doposial pouzival hlavne elektricky prud. Jasnym prikladom toho
v sicasnosti je rastuci nastup elektromobility. Aj ked' existuje vela dalSich prikladov, ako
mozno elektrinu pouzit na dekarbonizaciu, nie je to pouzitelné v kazdom sektore alebo
priemyselnom odvetvi. Obrovské mnozstva vodika sa uz v sicasnosti bezpecne pouzivaju
pri spracovani v rafinériach ropy, v petrochémii, pri vyrobe umelych hnojiv i v dalSich
priemyselnych odvetviach. Novo navrhované vodikové centra v technologickych uzloch
budu sofistikovanym a zloZitym ekosystémom, ktory pokryje cely dodavatelsky retazec.

0Od konca minulého storocia badat v chemickej technoldgii zvyseny zaujem o chémiu C1.
Jedna sa hlavne o Styri chemikdlie, z ktorych majud vyznamné priemyselné vyuZzitie: metan,
oxid uholnaty, oxid uhli¢ity a metanol. Oxid uhli¢ity je vo velkom zriedeni vo vzduchu
nevyhnutnym komponentom pre fotosyntézu rastlin adrevin. V pomerne vysokych
koncentraciach je zloZzkou zemného plynu z niektorych loZisk. Nachddza sa v3ak
predovSetkym v plynnych splodindch a exhaldatoch zviacerych chemickych procesov.
Najvyraznejsi podiel prichddza zo spalovania tuhych, kvapalnych a plynnych fosilnych
paliv. Napriek obrovskému celosvetovému vzrastu uhlikovych emisii na Uroven 36 800
miliénov ton oxidu uhli¢itého, patri zatial oxid uhlicity k menej chemicky zhodnocovanym
surovinam. Jednou zo zakladnych pri¢in je skutocnost, Ze spolu svodou je
termodynamicky konec¢nym produktom mnohych chemickych procesov. Preto k poutzitiu
oxidu uhli¢itého ako zdroja uhlika si vyZzaduje vyrazny energeticky vklad (vodik,
elektrédové procesy, karbaniony a pod.).



Napriek tomu, oxid uhli¢ity patri medzi relativne vyznamné priemyselné suroviny, ktoré sa
v minulosti aj v sucasnosti finalizuju v stovkach miliénov ton. Pri pohlade cez anorganicku
optikou vyrobkov, viac ako polovica tohto mnoZstva sa pouziva vo forme chladiacich
médii. Stvrtina sa pouZiva na pripravu sytenych napojov. Kvapalny oxid uhli¢ity sa pouziva
na vyrobu tuhého oxidu znameho ako suchy lad, ktory mézeme skladovat pri izbovej
teplote. Nizka teplota sublimacie (-78,5 °C) robi suchy lad efektivnym a ¢asto pouzivanym
chladiacim médiom. Oxid uhlicity sa pouZiva ako hnaci plyn (propelent) v sprejoch a na
naplnenie zachrannych ¢lnov aviest. Oxid uhli¢ity je perfektnou nahradou 1,2-
dibrémmetanu, brommetanu alebo fosfanu pri Uschove obilia v pofnohospodarskych
silach. Prvy je vsucasnosti povazovany za karcinogén, druhy vo vrchnych vrstvach
atmosféry rozklada ozéon atreti je pre cloveka vysokorizikovou zlu¢eninou. Hmyz
v obilnych sildch nema Sancu preZit v atmosfére oxidu uhli¢itého.

Cez optiku petrochémie, vidime oxid uhli¢ity (skvapalneny, plynnej forme, vo vodnom
roztoku ako kyselina uhlic¢ita alebo suchy fad) nachadzajlci pouZitie nielen ako chladiace
Cinidlo, ale aj ako rozpustadlo (superkritickom stave), v zlievarenstve, najmé vsak ako
surovina, pri vyrobe mocoviny, kyseliny salicylovej ajej derivatov, etylénkarbonatu,
propylénkarbonatu, a uhli¢itanu sodného (Solvayov spdsob z NaCl, Leblankov zo
sadrovca), draselného a amoénneho.

Vyroba mocoviny je Uzko spojena s vyrobou amoniaku. Okrem amoniaku sa vyuZiva aj oxid
uhli¢ity, vznikajuci pri priprave syntézneho plynu. Mocovina sa v Ceskej republike do roku
2012 vyrdbala v Unipetrole Litvinov. Na Slovensku sa vyrobi ro¢ne 390 000 ton mocoviny
v spolognosti Duslo Sala ( v rokoch 2022-2026 s 3,1% rastom), ktora je stcastou skupiny
Agrofert. Svetova produkcia modoviny je na Grovni 180 miliénov ton/ro¢ne (2021). Orlen
Unipetrol pokracuje v modernizacii vyroby amoniaku (2023), ktora prinesie zlepSenie
produkcie na 180 000 ton/rocne a zniZenie emisii oxidu uhlicitého.

Kyselina salicylovd je vyznamnym medziproduktom nielen pri vyrobe lieCiv (kyseliny
acetylsalicylovej, pod obchodnymi znackami Aspirin, Acylpirin, Anopyrin, atd.), ale aj C-
alkylsalicylatov, ktoré su prisadami do mazacich olejov. Vyraba sa Kolbeho-Schmitovou
syntézou z bezvodného fenolatu, resp. alkylfenolatu sodného a oxidu uhli¢itého. Svetova
produkcia kyseliny salicylovej dosahuje 90 000 ton/roéne (2015). V roku 2022 sa vyrobilo
40 000 ton Aspirinu rocne.

Uhlikova stopa nam celosvetovo neustdle rastie. Stale je dlhSia, SirSia a hlbsia. Najvacsou
mierou sa na emisidch oxidu uhli¢itého podiela vyroba elektriny a tepla. Nasleduje
doprava, priemysel, domacnosti, polnohospodarstvo, komercné a verejné sluzby i malé
priemyselné odvetvia. V chemickej technoldgii je to predovsetkym vyroba etylénoxidu,
amoniaku, ¢&istenie zemného plynu, afermentacné procesy. Daldimi priemyselnymi
zdrojmi su oceliarstvo a cementarne. Najviac oxidu uhli¢itého vsak unika do atmosféry,
ako som predtym uviedol, spalovanim fosilnych paliv v elektrariiach a teplarnach.



V tomto ohlade moja prezentacia bude zahffiat pomerne Siroku $kalu novych, modernych
procesov. Uvidime, Ze dosiahnutie ekologickej premeny oxidu uhli¢itého na Siroké
spektrum Zelanych produktov je finanéne (ekonomicky) velmi naro¢né. Castokrat su to
procesy s nizkym TRL, od jedna do sedem. Nezameriavam sa len na konkrétnu reakciu
alebo sp6sob vyroby. V prednaske spajam skor teoretické (termodynamické, kinetické,
reaktorové, katalytické) a technoldgicke aspekty. Snazim sa poskytnit ovela hlbsi obraz
prezentovanej témy. Diskutujem o mnohych spOsoboch a procesoch, akymi su
termochemicka, elektrochemickd, fotochemickd, fotoelektrochemicka, biochemicka
a nuklearnou energiou podporovana transformdcia.

Na zaklade sucasného stavu zhodnocovania oxidu uhli¢itého, ako aj existujucich alternativ
a stimulujucich vyhliadok, zohladnujem skutocnosti, ktoré obmedzuju pouzivanie takychto
technoldgii. Osobitny doéraz kladiem na optimalizaciu reakénych podmienok, vyvoj a
aplikaciu novych katalyzatorov umoznujucich ¢o najlepsiu vyrobu cennych a ekologicky
netoxickych zlucenin z oxidu uhli¢itého.

Na jednej strane v prezentacii poukdaZzem na prijaté vyzvy suUvisiace s aplikaciou
zhodnocovania oxidu uhli¢itého. Na strane druhej konfrontujem moznosti stotoznenia sa
s nimi v priemyselnom meradle. Velkd ddleZitost pripisujem aj nasmerovaniu dalsieho
vedeckého vyskumu v tejto oblasti. Citlivo hodnotim perspektivy modernych vodikovych
technoldgii. PoukdZzem na rastuci pocet publikovanych prac na tuto tému. Ale len
obmedzeny pocet prac, ponuka realne dostupnu petrochemicku cestu. Verim, Ze moja
prezentdcia bude cennym doplnkom mnohym vyskumnikom. Rovnako pomodie aj
priemyselne vyspelym technologickym hracom, majucich zaujem investovat a rozvijat
nové, slubne sa rozvijajlce procesy a technoldgie.

Zelajme si, aby sme ¢o najskér nabrali odvahu vystlpit z montainych hal miliénovych
produkcii automobilov, podla nemeckych, francuzskych, kérejskych, Svédskych licencii.
Rovnako autobatérii podla ¢inskych licencii. Co najskdr zaénime presadzovat origindlne
vysledky vlastného vedeckého vyskumu, vyvoja a inovacii.  Stojime na zadiatku
petrochemickej cesty Power-to-X-Technology. Viem, ze nestaci o takejto vyzve len hovorit
a nasledne ju prijat. Ovela doleZitejsie bude sa s vyzvou stotoznit. Stéle rezonuje otazka,
kde je potrebné u nas hladat, respektive odkial zoberieme, také obrovské kvanta
nadbytocnej, pritom lacnej a Cistej energie

Dalekosiahlou alternativou ku vietkym inym energetickym zdrojom je na Slovensku a v
Ceskej republike jadrova energia. U7 teraz je zrejmé, Ze dosiahnutie nulovych emisii oxidu
uhli¢itého do roku 2050 nebude mozné ani u nas bez urcitého podielu jadrovej energie.
Toto moje jednoznacné konstatovanie nevyplyva len z mojich knih, ale podporuje ho aj
deklaracia prijatd koncom minulého roka viac nez 20. krajinami na klimatickej konferencii
Organizacie Spojenych narodov COP28 v Dubaji. U&astnici v decembri 2023 podporili a?
trojnasobné navysSenie svetovej kapacity jadrovej energie do roku 2050. V porovnani s
Uroviiou z roku 2020. Dubajskt deklaraciu podpisali aj Slovensko a Ceska republika.
Jadrova energetika ma podla deklaracie déleziti ulohu v Gsili dosiahnut do roku 2050



uhlikovu neutralitu. To znamen3, bud dosiahnutie nulovych emisii oxidu uhli¢itého, alebo
ich vyvazenie opatreniami, ktorych tcinok bude ekvivalentny.

Uz v sUcasnosti v Eurdpskej Unii patri Slovensko a Ceska republika spolu s Franctizskom
k vyznamnym hracom pri vyrobe elektrickej energie z nefosilnych paliv. Slovensko vyrobilo
v roku 2019: 54% elektrickej energie v jadrovych elektrarnach. K nim pribudol v roku 2023
treti 500 MW blok v Mochovciach. Rozostavany je este Stvrty blok. 16% elektriny vyrobilo
Slovensko vo vodnych elektrarfiach. 6% v elektrarfiach na biomasu. Ceska republika uz
niekolko rokov patri medzi vyznamnych eurdpskych lidrov v oblasti vyskumu jadrovej
energetiky (UJV Re?). HeFASTo je origindlny koncept malého moduldrneho reaktora
(SMR), ktory je zaloZeny na technolégii plynom (héliom) chladeného rychleho reaktora.
Energywell je patentovany SMR, ktory vyuziva technolégiu na baze roztavenej soli. Oba
jadrové projekty st podla Ceskych energetickych zavodov v pokro¢ilom $tadiu vyskumu.
Cielom je vyroba vodika v technologickych uzloch pre jednotlivé priemyselné odvetvia.
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»Green” Hydrogen Production by Means of Water Electrolysis
Paidar M., Bouzek K.

Department of Inorganic Technology, University of Chemistry and Technology, Prague,
Czech Republic

As a ,green”is marked hydrogen produced with no, or very low carbon dioxide emissions.
Among the technologies of green hydrogen production, water electrolysis clearly
dominates. Most of the industrial technologies planned to be introduced in order to
achieve the economy decarbonisation and at the same time, diversification of the energy
sources relies on the green hydrogen. Therefore, water electrolysis comes into the centre
of interest of not only the research establishments, but also of the related industry.
Despite water electrolysis represents oldest technology of the industrial scale hydrogen
production, its share on the global hydrogen production represents nowadays only
approximately 4 %. It is thus clear, that current water electrolysis technology needs
significant improvements in order to become acceptable alternative to the traditional
fossil fuels technologies.

Historically, alkaline water electrolysis utilizing concentrated KOH as a liquid electrolyte
was developed more or less as the exclusive approach to this process. With an increasing
pressure on the process efficiency and flexibility caused by its connection to the renewable
energy sources, required innovation led to alternative approaches. Two directions were
developed intensively. They include at first development of acidic version other process
based on utilization of the perfluorinated sulfonated acids as a solid polymer electrolyte
(PEM water electrolysis). This process is characterized by very high intensity and flexibility
when compared to the traditional alkaline process. Negative aspect represent its material
demands. As a second alternative, high temperature process based on ceramic
electrolytes is developed under the name of solid oxides electrolysis cell (SOEC). It is
characterized by high process intensity and efficiency, unfortunately at the expense of
flexibility. Recently, main effort is to develop new generation of the water electrolysis
process combining advantages of PEM and alkaline process in one, namely alkaline
membrane water electrolysis.

It is a target of this presentation to provide basic overview of the state of the art in the
field of green hydrogen production by the water electrolysis and of the directions of
development expected in the nearest future.

This work was supported by the project "The Energy Conversion and Storage", funded as
project No. CZ.02.01.01/00/22_008/0004617 by Programme Johannes Amos Comenius,
call Excellent Research.



Hydrogen Strategy of the Czech Republic
P. Mervart
Ministerstvo primyslu a obchodu, Praha

During the development of updated national hydrogen strategy, we recognised that a
singular, linear approach to strategy development was unable to bring us to required
outcomes. It was a reason why we divided the strategy into three distinct phases, each
with unique ambitions, objectives, hydrogen pricing structures, and implementation tools.

The initial phase, named "Local Islands," focuses on local hydrogen production from
renewable sources. Although this approach may be costly—estimated approximately with
some subsidies over 8 EUR per kg of hydrogen—it remains a necessary step, particularly
for meeting mandatory targets in mobility and the chemical industry. Given the
complexities of importing renewable hydrogen, primarily due to our geographic
constraints, this approach is imperative.

To mitigate costs of the renewable hydrogen produced in the Czech Republic, we aim to
source hydrogen from regions with surplus renewable resources as early as possible. It
means to import hydrogen from regions such as Southern and Northern Europe, North
Africa, the Near East, Ukraine, Canada, or the USA. Transitioning our gas transport network
to accommodate hydrogen is the primary objective of the second phase, known as "Global
Bridges." Leveraging the robustness of our existing natural gas infrastructure, we can
repurpose select pipelines without the need for extensive construction. Notably, the Czech
German Hydrogen Interconnector and the Central European Hydrogen Corridor will play
pivotal roles in importing renewable hydrogen from neighbouring regions. We anticipate
that imported hydrogen prices will decrease to around 4 EUR per kg.

While importing renewable hydrogen may lower costs, it also heightens our energy
dependency on other countries. Therefore, our long-term strategy aims to diversify
hydrogen imports while investing in domestic resources. Given our limited renewable
potential, we must explore alternative technologies, such as high-temperature electrolysis
utilising nuclear power and geothermal energy. These innovations, anticipated by the
phase "New Technologies" around 2045, aim to reduce hydrogen production costs to
approximately 2 EUR per kg, thereby facilitating widespread adoption across various
sectors.

Our objectives, outlined by the Renewable Energy Directive, include replacing 40,000 t of
grey hydrogen with renewable alternatives in transportation and chemical industries,
alongside with establishing a network of hydrogen refuelling stations as outlined in AFIR.
Achieving these goals requires installing from 300 to 400 MW of electrolysers and
associated renewable resources as wind and solar farms. On the consumption side, we
aspire to integrate hydrogen into heavy-duty road transport, bus services, and regional
train networks.



4-Chinoldnové lieciva a ich perspektiva
V. Milata

Ustav organickej chémie, katalyzy a petrochémie, Fakulta chemickej a potravindrskej
technoldgie STU, Bratislava

4-Chinoloény su heterocyklické systémy, ktoré maju vysokd termicku stabilitu. Pripravuju
sa zvycajne termickou cyklokondenzaénou reakciou pri teplotach okolo 250 °C alebo za
poutzitia kyslej €i bazickej katalyzy. Aj napriek tomu sa nachadzaju aj v prirode v ZivociSnej
i rastlinnej risi. Ich substituované a/alebo kondenzované derivaty sa vyznacuju viacerymi
typmi biologickej aktivity, najma vsak antibakteridlnou, protirakovinovou, v poslednej
dobe dokonca aj antialzheimerickou a inymi aktivitami. Z tohoto dévodu su to zlaceniny,
o ktoré je neustaly zaujem.

Tento prispevok vznikol vdaka podpore v rdmci Operacného programu Integrovand
infrastruktura pre projekt: ,,Strategicky vyskum v oblasti SMART monitorovania, liecby a
preventivnej ochrany pred koronavirusom (SARS-CoV-2)“, Projekt ¢. 313011ASSS,
spolufinancovany Europskym regiondlnym rozvojom a Agenturou pre podporu vyskumu a
vyvoja na zdklade zmluv ¢. APVV-17-0513 a APVV-20-0213.
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Correlation of Plastic Deformation of Metastable Cu-Ag Metal-Matrix Composites

Strakosova A.}, Pr3a F.2, Paidar V., Svoboda J.3, Lejéek P.X
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As metal-matrix composites (MMCs), the materials are usually considered to contain soft
matrix and hard particulates of various shapes as they can well serve numerous practical
applications. From the viewpoint of understanding some detailed mechanismes, it is also
interesting to study MMCs containing the soft matrix as well as the soft particulates. In
this contribution, we refer to the plastic deformation of Cu—Ag MMCs produced by spark
plasma sintering the Cu@Ag core-shell powders. Plastic deformation of such MMCs
possesses a similar true stress—true strain dependence. This dependence can be
phenomenologically described by the logarithmic dependence of the modified Ramsberg-
Osgood law but surprisingly, also by quadratic functions. The parameters of these
dependences are specified, quantified, and discussed with respect to those of pure Ag and
Cu as well as to the values of a cast Cu—Ag alloy of comparable composition. Besides, the
plastic deformation results in the prolongation of the particulates relative to the straining
of the MMC, i.e., in the direction of tensile deformation and perpendicularly to the
direction of compression. The aspect ratio of the particulates is related to the value of the
strain, and it is shown that these values fit with a proposed model of sphere deformation.

This work was financially supported by the Czech Science Foundation under the grant No.
23-05139S. One of the authors (AS) acknowledges the grant of the Czech Academy of
Sciences under No. L100102403



Waste by-products as a source for carbides preparation for advanced alloys
F. Pra8a?l, J. Ried!, C.R. Lucas?, P. Kratochvil?, H. Thiirlova*
1Department of Metals and Corrosion Engineering, UCT Prague, Prague, Czech Republic

Introduction

The pyrolysis of plastic materials is constantly increasing its attraction due to its potential
as a promising method for processing polymeric waste materials, ultimately yielding
hydrogen as a primary product. Concurrently, this process generates carbon-bearing
structures as by-products, often comprising carbon nanotubes or nanospheres. However,
the purity of these structures is frequently influenced by catalysts or the compositions of
the input materials being processed. Nevertheless, the carbon by-product holds
substantial interest, owing to its high specific surface area, promoting rapid reactions with
metals forming carbides. These carbides present an economically viable yet highly
competitive option as reinforcing particles for a range of advanced materials, including
high-entropy alloys.

Methodology

The optimization of process parameters involved varying the metal-to-carbon atomic
ratios of 1:1 and 1:2. Additionally, the impact of the presence of a Process Control Agent
(PCA) and the total process duration was assessed using XRD and XRF analyses. The most
favourable combination of parameters was utilized for preparing a composite material
comprising 5, 10, and 15 wt.% of reinforcing carbide particles within the CoCrFeNiMn alloy
matrix.

Results

Various types of Me-C carbides (where Me = Ti, Nb, W) were synthesized via mechanical
alloying, employing pure metals and carbon waste by-products obtained from
polypropylene pyrolysis. The optimization of carbide synthesis was achieved successfully,
resulting in the formation of a sufficient volume fraction of carbides. Furthermore,
annealing at a temperature of 1000 °C (corresponding to SPS compaction conditions) led
to a further increase in carbide content. Different types of prepared carbides and their
weight amounts had different impacts on the composite properties.

Conclusion

The optimal parameters for carbide formation were individually determined for each
elemental type. Subsequently, the carbides synthesized under these optimized conditions
were employed as reinforcing particles within the newly formed composite CoCrFeNiMn
alloy.

Acknowledgement
This work was financially supported by the Czech Science Foundation (project No. 24-
107675).



POWDER METALLURGY PREPARATION OF SILICIDE-ALUMINIDE COMPOSITES
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In current industry, cemented carbide is widely used as the tool material for many
purposes, e.g. machining or drilling. However, its main components — tungsten and cobalt
— are listed by European Commission as the critical raw materials with very high supply
risk. Therefore, there is a research activity to substitute these elements. It can be
potentially done by three ways — substitution of tungsten by other carbide-forming
element, substitution of cobalt binder or the design of a material without these elements.
The latter approach was selected in this work, which aims at the solution based on
combination of two intermetallics — iron silicide and suitable transition metal aluminide.
Optimization of the preparation of the composite by powder metallurgy combining
mechanical alloying and spark plasma sintering is presented in this work, together with
basic characterization of the prepared composite.

This research was financially supported by Czech Science Foundation, project No. 23-
05126S.



High-Temperature Oxidation of Refractory High-Entropy Alloys Prepared by Powder
Metallurgy Methods
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Introduction

Refractory high-entropy alloys (RHEAs) are advanced materials whose structure is formed
by solid solutions of 5 or more high-melting elements. A typical representative is the
MoNbTaVW alloy, which is characterized not only by excellent heat resistance but also by
rapid oxidation at elevated temperatures. This is mainly due to the content of Mo and V,
whose oxides are not well stable at high temperatures.

Methods

To improve the high-temperature oxidation resistance of the reference MoNbTaVW alloy,
the Mo and V were substituted by elements with better oxidation properties (Al, Ti, Cr,
Ni). Powder metallurgy methods, comprising mechanical alloying and spark plasma
sintering, were used to prepare the alloys. The microstructure and phase composition of
these alloys were observed, and their mechanical properties were measured.
Furthermore, the high-temperature oxidation and mechanical properties at high
temperatures were determined.

Results

The well-refined and homogeneous microstructure was investigated using scanning
electron microscopy, and the phase composition was determined using XRD analysis. As a
result, the alloys achieved good mechanical and tribological properties, although a
significant reduction in plasticity was observed compared to the reference alloy. In terms
of resistance to high-temperature oxidation, it was found that alloying by Al and Ti yielded
better oxidation properties than alloying by Cr and Ni.

Conclusion

Improved high-temperature oxidation resistance was observed for the prepared materials
compared to the MoNbTaVW alloy. However, at the same time, the substitution of Mo
and V decreased the mechanical properties due to the increase in the brittleness of these
materials.

This research was financially supported by the Technology Agency of the Czech Republic
(TK04020056) and by the Specific university research fundings (A2_FCHT _2024 062 and
Al _FCHT_2024 007).
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Introduction

Due to its low density and high strength-to-weight ratio, magnesium and its alloys are
materials used in the automotive and aerospace industries. While some magnesium alloys
achieve elevated ignition temperatures, they often rely on costly alloying elements. The
main idea of this study is to find a simple way to experimentally test a large number of
materials with different chemical compositions in terms of ignition temperature while
developing ignition-resistant Mg-Y-Ca-Al-Zn alloys with reduced expensive component
content.

Methods

Two groups of materials were prepared with the first one being prepared by hot extrusion
and the second one being prepared from mixed powders with subsequent compacting by
spark plasma sintering (SPS). The microstructures of the materials were examined by
optical and electron microscopy and X-ray diffraction. The influence of materials
processing on the ignition resistance was investigated using a standard test in which the
sample was heated under constant airflow in the furnace. Furthermore, the oxide layers
formed on the surface at elevated temperatures were examined.

Results

The ignition resistance tests revealed consistent values across all systems, irrespective of
the processing methods. These materials demonstrated outstanding ignition resistance,
requiring temperatures exceeding 1100 °C to ignite. Additionally, the formed oxide layers
consisted of a mixture of calcium and yttrium oxides in both cases.

Conclusion

The results of this study showed comparable ignition resistance for materials prepared by
hot extrusion and spark plasma sintering, finding a simple way that could enable us to
experimentally assess a wide range of materials with varying chemical compositions
regarding ignition temperature.

This work was supported by Czech Science Foundation under project 22-22248S and by
Specific  university research — project No. AI1_FCHT_2024_007 and No.
A2 _FCHT_2024_021.
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Tin pest is degradation mechanism of tin and tin rich alloys that is based on change of
modification from white tin to grey tin at temperatures lower than 13 °C. It is well known
that the process is influenced by temperature, inoculation, and composition of the alloy,
although the effect of individual components is not clear.

The pink salt (NH4)2SnCls is tin-based compound that occurs naturally in volcano ashes.
When its ethanol solution gets in contact with tin alloys, it accelerates the tin pest process.
The mechanism of the acceleration has not been explained, yet. One suggested sequence
is i) precipitation of grey (alpha) tin from the solution on the alloy surface, ii) the
precipitates function as inoculator and iii) progress of phase transformation.

The authors acknowledge the Czech Science Foundation for the financial support received
under the Project No. 22-05801S.
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Possible Tin Pest Blocking by Addition of Au in Sn Alloy
Fink D.1, Michalcova A.%, Msallamova 5.1
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Low content alloys (impurities in Sn) have a significant effect on the course of tin pest.
However, their influence, like the degradation of tin, is described insufficiently and
sometimes even with seemingly contradictory results. The proven slowing of the tin
plague process is achieved by alloying by a small amount of Pb (0.01 %) or according to
the literature by the addition of Bi, Ag and Au. However, it is abandoned from Pb due to
toxicity and Bi is a very rare element on the ground that is not resistant to the action of
hydrochloric acid. Ag promotes the formation of so called Sn whiskers that reduce the
electrical properties of the material. Au is already used in conjunction with Sn for smaller
electrical parts, and if it turns out that the limit amount is already sufficient to block the
pest, the financial demands in the production of larger equipment (for example solar cells)
would be acceptable. Therefore, model alloys with the limit concentration of Auin Sn were
prepared and the course of the tin pest was observed under defined conditions. This
research is supported by the IGA UCT grant (A2_FCHT_2024_080).
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High-strength 18Ni300 Maraging Steel Prepared by Spark Plasma Sintering
Strako$ova A.1, Prii$a F. 1, Michalcové A. 1, Vojtéch D.!
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The present work demonstrates a novel approach for the compaction strategy for the
18Ni300 high-strength maraging steel using a Spark Plasma Sintering (SPS) technique.
Furthermore, the influence of two heat treatment modes on the structure and properties
of the as-produced materials is examined. It was found that the higher temperature of the
SPS process has caused the formation of less defective and more ductile material. Optical
and scanning electron microscopy were used to examine the microstructure of the as-
produced and heat-treated samples. The phase composition was determined using X-ray
diffraction analysis. Microhardness measurements and tensile tests at laboratory
temperature have shown that heat treatment causes the strengthening of the studied
material. The type of the strengthening phases was investigated using transmission
electron microscopy. Additionally, the obtained results are compared to the results of
conventionally prepared 18Ni300 maraging steel.

This work was supported from the grant of Specific university research — grant No.
Al_FCHT_2024_007.
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Heat treatment of additively manufactured high-strength maraging steel
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Maraging steels are high-alloyed steels with very low carbon content featuring a great
combination of mechanical properties and ductility. Their superior strength is caused
mainly by precipitation hardening, usually after standard aging treatment at around
480 °C. Specifically, 1.2709 maraging steel (i.e., 18Ni-300) is one of the metallic materials
frequently used for additive manufacturing, especially by the most widely used selective
laser melting. 3D-printed metals typically showcase different, very fine microstructures
compared to conventionally manufactured ones. For this reason, the influence of various
aging conditions was mapped on the additively manufactured material, both on samples
in as-printed and post-print solution-annealed (after 820 °C/1 h) states. The subsequent
aging treatment was held under three temperatures (440 °C, 490 °C and 540 °C) and a total
of five durations (2, 4, 6, 8 and 10 h). The material before and after aging was studied from
the microstructural point of view, as well as phase composition and finally microhardness.
A common phenomenon of austenite formation in the martensite matrix—having
a detrimental effect on the mechanical properties—was found to be related to both the
manufacturing and the heat treatment processes.

This work was supported from the grant of Specific university research — grant
No. A1_FCHT_2024_007.
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Niobium Oxide
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Borophosphate glasses of the series (100-x)[0.4Li20-0.2Nb20s-0.4P205]-xB203 were
studied in a composition range of x = 0-48 mol% B20s. Basic physical properties were
determined, and thermal properties studied by differential thermal analysis,
thermomechanical analysis. The glass structure was investigated using Raman
spectroscopy and B and 3!P MAS NMR. The electrical properties of the glasses were
obtained by using impedance spectroscopy.

Focus of this contribution will be given on MAS NMR analysis of studied glasses. Structure
of the glasses was probed with multiple MAS NMR experiments. To get first information
about the glass structure, standard 1D experiments of !B and 3!P nuclei were performed.
To probe interconnections between phosphate and borate species was further studied by
2D correlation techniques. Namely !'B{3!P}D-HMQC sequence to investigate P—O-B
connections. By combining all these methods, we were able to prepare an approximate
structural model of these glasses, which could be used to explain the macroscopic
properties of the studied glasses.
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Influence of Solution Composition and In Vitro Test Arrangement on the Results of
Potential Bioactivity of Bioactive Glass 4555

K. Opavova, K. Panova
University of Chemistry and Technology Prague, Prague, Czech Republic

The bioactivity of glass materials tested in vitro is not only influenced by the reactivity
of the material itself but also by the composition of the test solution. Usually, these tests
are carried out in a simulated body fluid (SBF) and provide valuable insight into how the
material interacts with physiological fluids in a living system.

This study aimed to observe the bioactive behaviour of glass particles based on
Bioglass 45S5 in three different testing solutions: a) TRIS-buffered SBF (1ISO 23317:2014)
as a reference, b) non-buffered SBF, and c) non-buffered SBF with a concentration of
(HCO3) 15 mmol-dm™. The experiment was conducted under static-dynamic conditions
for the duration of four days. Biomineralization process was monitored throughout the
experiment. Eluate analyses, including pH levels and element (Si, Ca, P) concentrations
measured by ICP-OES, as well as material analyses (weight changes, SEM/EDS, XRD), were
performed.

The findings show that samples immersed in TRIS-buffered SBF exhibit notably
accelerated dissolution rates compared to those in unbuffered SBF solutions. Samples
exposed to SBF with modified (HCOs) ion concentrations displayed similar trends, albeit
with marginally decreased levels of Ca, P, and Si concentrations relative to samples in
unbuffered SBF.

This work was supported from the grant of Specific university research — grant
No. A2_FCHT_2023_042.
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Introduction

Zinc has garnered attention as a promising biomaterial, credited to its exceptional
biocompatibility and resistance to corrosion. Despite these advantages, its mechanical
properties and bioactivity remain areas of concern, limiting its applications. Recent
research efforts have concentrated on enhancing zinc's properties by introducing
additional elements (such as copper and manganese), altering its microstructure, and
employing diverse surface treatments during preparation. These methodologies have
encouraging outcomes in improving mechanical properties and bioactivity at elevated
temperatures. The trajectory of zinc-based biomaterials points towards the innovation of
novel alloy compositions and preparation techniques tailored to enhance their suitability
for specific biomedical applications.

Methodology

Our research is oriented on fabricating of nano-grained zinc materials utilizing powder
metallurgy methodologies, particularly mechanical alloying (MA), followed by rapid
compaction techniques such as spark plasma sintering (SPS) in conjunction with extrusion.
Prepared materials were observed by optical and scanning electron microscope, chemical
composition was determined by X-ray analysis and mechanical properties were tested by
tensile testing.

Results

Through the selection of processing parameters and incorporation of alloying elements,
we attain a compact microstructure characterized by uniformly dispersed intermetallic
phases. Grain refinement, combined with solid solution strengthening, serves to improve
mechanical properties. Nonetheless, remnants of oxide particles originating persist within
the microstructure, potentially heightening the susceptibility to brittle fractures.

Conclusion

Based on our research, materials subjected to extrusion and exhibiting texture
demonstrate enhancements in mechanical properties. However, further studies are
necessary for possible applications of these materials.

This research was funded by project No. 21-11439K and the grant of Specific university
research A2_FCHT_2024_089.
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Antimikrobialni upravy textilnich materialt — pfani a skuteénost

R. Hrdina, L. Burgert, A. Kalendova, P. Bayerova, M. Cerny, M. Bouska, I. Brozkova, P.
Motkova, M. Vydrzalova, |. Stara

Fakulta chemicko-technologickd, Univerzita Pardubice, Ceskd republika

Uvod

Pfednaska se zabyva antimikrobidlnimi Upravami textilii, kde v dvodu budou probrany
moznosti téchto Uprav, jak jsou nabizeny v odborné literatufe a na trhu. Textiliemi se zde
rozumi nejen materialy pro denni noSeni a materialy pro personal nemocnic, vojenskych a
bezpecnostnich slozek, ale i obvazy, bandaze a kryty ran.

Ve druhé casti prednasky budou predstaveny materialy vyvinuté na Fakulté chemicko-
technologické, Univerzity Pardubice, zplsob jejich pfipravy a namérené vysledky jejich
antimikrobialni u¢innosti. Tyto vysledky budou porovnany s materidly nabizenymi na trhu.

Metodika

Antimikrobialni i¢innost materidld byla testovana difuzni agarovou metodou, ktera slouzi
ke kvalitativnimu posouzeni antimikrobiadlniho Géinku u testovaného materidlu. Zjistuje
pramér inhibi¢nich z6n kolem daného vzorku a tim zaroven zjistuje citlivost uréitého
mikroorganismu k danému vzorku materialu. Ddle se da touto metodou také urcit, zda md
urcity mikroorganismus baktericidni ¢i bakteriostaticky ucinek.

Testované mikroorganismy: E. coli, Pseudomonas aeruginosa, Enterococcus faecalis, St.
aureus, Candida albicans.

Vysledky a zavéry

Ve treti Casti prednasky budou zhodnoceny postupy, které vedou ke skutecné
antimikrobidlné ucinnym materialiim, a technologické moznosti jejich vyroby.

Grantovd podpora

Prdce byla zcdsti financné podporena projektem TP01010012 - Rozvoj systému podpory

projektii proof-of-concept na Univerzité Pardubice, GAMA2-01/002, Technologickd
agentura Ceské republiky.
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Due to today's global need to reduce CO2 emissions, new hydraulic binders with the
potential to replace Portland cement in the future are being prepared. Clays calcined in
the range of 500-900 °C are a promising low-emission source of pozzolans, which can
significantly contribute to further reducing the impact on the environment. The
combination of calcined clays with calcium sulfate and lime creates a new stable calcium
sulfate hydraulic binder called 3C with suitable cement-like mechanical properties.
However, for a new binder, it is necessary to observe its behaviour in corrosion conditions,
which are one of the most important properties for the construction industry.

The aim of this project was to describe the behavior of the 3C binder under conditions of
alternating freezing and thawing (FT) in the presence of water or chemical deicing agents
according to the CSN EN 73 1326 standard. First, a set of slurries and mortars of the 3C
binder with different ratios of components was prepared. A constant water to binder ratio
as well as plasticizer addition were used. Cylindrical samples with a minimum height of 50
mm were prepared using polypropylene pipes with a diameter of 100 mm. After a month
of curing, water or a 3% NaCl solution was poured onto the sample surface. Subsequently,
the samples were cycled at alternating temperatures according to CSN EN 73 1326. After
every 25 FT cycles, the amount of surface waste was weighed. The selected samples were
analyzed from the point of view of phase changes by the XRD method. The results were
compared with reference cement samples prepared with the same water to binder ratio.

This work was supported from the grant of Specific university research — grant
No.A2_FCHT_2024_033.
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Nowaday, a great attention is focused on the development of hydrophobic coatings. In
addition to the traditional materials such as silanes, silicones and fluorinated polymers,
inorganic-organic hybrid materials that combine the of the inorganic and organic
component are currently being studied. Recently, a transparent superhydrophobic coating
was fabricated using N-Boroxine-PDMS and SiO2 nanoparticles showing water contact
angle WCA = 160°.1!

Considering that our group is engaged in the study of N->M intramolecularly
coordinated heteroboroxines (HBOs) having the central six membered ring MB203 (M =
Ge and Sn), the goal of this research is to study their hydrophobic properties.

First, we tested the formulations composed of linear, or star-shaped, PLAs, PCLs and
PVLs and stanna-boroxines L(Ph)Sn(O3B2(4-CFs-CsHa)2 and L(Ph)Sn(O3B2(3,5-(CF3)2-CeHa)2
(L = {2,6-(Me2NCH2)-CsH3}) as additives. Further, the Lewis acidity of boron atom in these
fluorinated stanna-boroxines allows to form N->B coordination bond with N-bases. Based
on this, we syntesized coordination polymers derived from poly(4-vinylpyridine) and poly-
(4-vinylpyridine-co-styrene). Finally, HBOs have also been incorporated into oligomeric or
polymeric chains by Shiff-coupling of L(Ph)Sn(03B2(4-CH=0-CsH4)2 and LGe(03B2(4-CH=0-
CeHa)2 with various diamines such as 1,4-benzenediamine, ethylenediamine or amine-
terminated siloxane.

For the determination of the hydrophocity, thin layers of prepared formulations and
materials were fabricated by spin-coating method on silicon wafer, glass and PE and WCAs
were measured by sessile drop method. The surfaces were further characterized using
SEM and AFM to check the morphologies of the layers.
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Introduction

Nitride thin films based on aluminium and titanium, prepared by arc evaporation, are
widely employed to enhance the durability and performance of machining tools. Their
exceptional mechanical properties are strongly dependent on phase composition and
deposition parameters. In this context, the cubic phase exhibits superior properties
when compared to the hexagonal phase. Stabilization of the cubic phase by adding new
elements and altering deposition parameters was studied in this work. Thin films were
investigated to determine their elemental and phase composition along with their
mechanical properties.

Methodology

Aluminium-titanium nitride thin coatings were deposited by cathodic arc evaporation in
HTC650 equipment from Hauzer Techno Coating. The targets used in this experiment
were prepared by powder metallurgy with an atomic ratio of aluminium to titanium set
at 67/33 at. %. Phase composition was identified by X-ray diffraction. Microstructure was
studied on an optical microscope (Nikon Eclipse MA 200). More detailed observation was
done using a scanning electron microscope (Tescan Lyra 3), equipped with energy
dispersion spectroscope (Oxford Instruments, 80 mm2). Adhesion was tested by Daimler-
Benz test using a HPO250 Rockwell hardness tester, while the microhardness was
measured using Future-Tech FM-700. The tribological properties were determined by the
Tribotechnic TRIBOtester machine.

Results

High hardness above 35 GPa has been achieved by (Al0,67Ti0,33)N coatings with the
majority of cubic phase, prepared by arc evaporation with different deposition
parameters.

Conclusion

This research documents the influence of deposition parameters on phase formation and
mechanical properties of widely used (Al0,67Ti0,33)N thin films prepared by cathodic arc
evaporation.

This work was supported from the grant of Specific university research — grant No
A2_FCHT_2024_086.

31



Ge-Sb-Te thin films fabricated by co-sputtering and pulsed laser deposition
M. Bouska?, V. Nazabal®?, J. Gutwirth?, P. Némec!

1Department of Graphic Arts and Photophysics, Faculty of Chemical Technology,
University of Pardubice, Czech Republic

2ISCR, Glasses and Ceramics team, UMR-CNRS 6226, University of Rennes 1, 35042
Rennes, France

During the last decades, the thin films from GeSbTe (hereinafter GST) or AgInSbTe system
have been deeply investigated. The main reason for high scientific interest in this class of
materials is the fact that these materials are able to transform quickly and reversibly from
amorphous to crystalline phase (disorder-order transition) and vice versa; this
phenomenon was first reported by Ovshinsky [1]. Phase transition can be reversibly
switched by varying the electric field or temperature when heating is done using a laser
pulse in optical recording applications. The unique characteristics of phase change GST
materials are based on huge optical reflectivity (up to 30%) or electrical conductivity
(several orders of magnitude) changes proceeding upon phase transition.

The aim of this work is to combine co-sputtering and pulsed laser depozition as an
advanced techniques for thin films growth with the fabrication of an important class of
inorganic materials being represented by GST thin films. The characterization of deposited
thin films in as-deposited state (amorphous phase) as well as in crystalline state (induced
by thermal annealing) was performed exploiting atomic force microscopy, scanning
electron microscopy with energy-dispersive X-ray analysis, X-ray diffraction, electrical
resistivity, and variable angle spectroscopic ellipsometry data. The results are discussed in
relation with the chemical composition of the fabricated GST thin films.

[1] S. R. Ovshinsky, Phys. Rev. Lett., 21, 1450-1453 (1968).
This work was funded with support from the Czech Science Foundation (Project No. 22-

07635S) and Ministry of Education, Youth and Sports of the Czech Republic (LM2018103
project).
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Lignin, produced in pulp mills around the world, is primarily used as a source of energy.
Due to its chemical properties, there is potential for developing lignin-based materials.
The current focus is on the development of adhesives from lignin, with an emphasis on
lignosulfonate due to its superior reactivity compared to kraft lignin. However, kraft lignin
is much more widely produced worldwide.

In this study, kraft lignin was used as a partial replacement for preparing urea-
formaldehyde resin for bonding wood and wood-based composite materials. UF resins
with 0 to 50% lignin replacement were prepared. The tensile shear strength of glued joint
on high density fibreboard (HDF) samples was tested for the developed resins. The shear
strength results show that the shear strength decreases with increasing lignin content. At
the same time, a significant decrease occurred with the addition of 50% lignin due to too
high viscosity of the prepared resin. After the test, the failure condition of the glued joint
was visually evaluated.
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Metallic and polymer-composite bipolar plates for PEMFC
Ludvik J.%, Koufil M.2,
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Introduction

Proton exchange membrane fuel cells (PEMFCs) are a promising alternative to combustion
engines in automotive next to Li-on batteries. PEMFCs have future also in heavy duty
transportation, trains and aircrafts where there are higher demands and longer
development time. PEMFC consist of several main parts such as Membrane Electrode
Assembly (MEA), catalyst, Gas Diffusion Layer (GDL) and Bipolar Plates (BP). In addition,
BPs have distribution channels manufactured inside. The most important roles of BPs are
distribution of gases inside PEMFC, heat dissipation, current collection and water
management. Therefore, there are many requirements for mechanical, corrosion and
conductivity properties.

Methodology

The U.S. Department of Energy (DOE) lists requirements for bipolar boards. The target
corrosion and conductive properties also have their standardized tests. For corrosion
testing, a simulated PEMFC environment and corresponding potentiostatic (PS) or
potentiodynamic (PD) polarization at elevated temperature is used. Conductivity in the
form of interfacial contact resistance (ICR) is measured in the initial state and after 24
hours of PS. The ICR is measured at an applied force of 138 N-cm2, which corresponds to
realistic conditions.

Results

Most used metallic material for BPs in PEMFC is either titanium or stainless steel (AISI
316L). Both have excellent corrosion properties in simulated PEMFC environment due to
the passive layer on the surface. The passivation is the reason for very poor surface
conductivity in both cases. Therefore, titanium surface was succesfully enhanced to
improve conductivity and the ICR decreased by the factor of four. AISI 316L was coated
using polymer-composites resulting in great corrosion properties and also improvement
in the terms of ICR.

Conclusion

Metallic BPs are better than graphite in transport, mainly due to their better mechanical
properties. The issue is the stability in the environment, meaning maintaining good
conductivity and low corrosion during the lifetime of the PEMFC. Surface treatments and
coatings help improve the performance of Titanium and AlSI 316L.

This work was supported by Specific university research — project No. A1_FCHT_2024_007.
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Introduction

While magnesium alloys are among the lightest metal structural materials, their previous
restriction in aircraft cabins stemmed from safety concerns, primarily due to magnesium's
high reactivity, which makes it susceptible to corrosion and flammability. However, recent
advancements have enabled the modification of these alloys to meet safety standards by
significantly enhancing their mechanical, corrosion and oxidation properties through
alloying.

Methodology

Magnesium alloys with the elemental composition Mg-Y-Al-Ca were prepared, followed
by an investigation into the relationship between material structure and ignition
resistance. Microstructural analysis was conducted using SEM, EDS, and XRD techniques.
The ignition temperature was determined via thermal analysis, and subsequent studies
focused on oxidation properties.

Results

Novel magnesium alloys were developed exhibiting enhanced resistance to ignition
compared to commercial materials. These alloys successfully passed flammability tests
under laboratory conditions, demonstrating increased ignition resistance and suppressed
flammability.

Conclusion

A promising alloy has been developed that withstands flammability testing in laboratory
settings. Further investigation or testing could include it among the candidates for suitable
alloys for use in aircraft cabins.

This work was supported by Specific university research — project No. A1_FCHT_2024_007
and by Czech Science Foundation under project 22-22248S.
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The energy sector has been preparing for a transition from coal combustion to purely
green energy sources in recent years. This brings changes that have, and especially
in the future will have, a significant impact on the construction industry. The combustion
of coal produces non-combustible residues — fly ash, which is widely used in construction
and is an integral part of, for example, blended cements and concretes. Currently, there is
a large-scale shift towards the combustion or co-combustion of biomass with coal.
The resulting non-combustible residue — biomass ash (BMA), exhibits different chemical
and phase compositions, making its utilization in construction significantly more complex.

This work aims to present the possibilities of using products from the combustion
of biomass in large sources and simultaneously highlight the wide differences
in the chemical and phase composition of these products. The paper clearly outlines
the requirements for ashes for construction purposes and evaluates critical parameters
from the perspective of biomass ashes.

This work was supported by the Technology Agency of the Czech Republic in the program

Sigma with no. TQ03000837, 2024 — 2025, and from a grant No. SGS22/136/0HK1/3T/11
- Grant Agency of the Czech Technical University in Prague.
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Titanium alloys, especially Ti-6Al-4V, are the most widely used materials for medical
applications such as dental or orthopedic implants. When applied as an implant, a negative
stress-shielding effect can develop. The stress shielding effect originates from a different
elastic modulus between the bone and the implant. The negative effect can be reduced by
using porous implants which also improve and accelerate the binding of the implant with
bones. A porous structure with minimal need for post-production machining of the surface
can be produced by selective laser melting (SLM). The SLM technology is the most
preferred approach for metal 3D printing because of its many advantages compared to
conventional methods. In this study, as-built and as-built plus heat-treated samples made
from Ti-6Al-4V alloy printed by SLM are tested. Microstructure was observed using light
optical and scanning microscopy (LOM and SEM, respectively). Porosity was calculated
using ImageJ software on LOM micrographs of cross-sections of the samples. Furthermore,
mechanical properties such as ultimate compressive strength and microhardness HVO0.1
were measured.

This work was supported from the grant of Specific university research — grant
No Al_FCHT_2024_007
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Additive manufacturing continues to evolve with the introduction of novel materials and
advancements in specialized applications. One such area of focus is 3D printing in
dentistry, where hydroxyapatite (HAP), a ceramic material, is gaining traction for filament
production.

This study explores the initial step in filament manufacturing: the analysis of specific
powder properties. Three distinct HAP powders were evaluated for particle size
distribution, compressibility, and flow properties. Understanding these properties is
crucial for predicting the material's behavior within the extruder and ultimately achieving
a homogeneous filament suitable for further processing.

Furthermore, the analysis of mechanical properties is highlighted as another key
parameter for potential application in Finite Element Method (FEM) simulations. This
comprehensive approach provides valuable insights for optimizing the 3D printing process
of hydroxyapatite filaments for dental applications.
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The authors wish to acknowledge the Ministry of Education, Research, Development and
Youth of the Slovak Republic and the Slovak Research and Development Agency for the
financial support of this research by grants APVV-21-0173, VEGA 1/0070/22, VEGA
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Biodegradable materials have garnered significant attention worldwide due to their
potential advantages in enhancing patient comfort. Recent research has focused on
surface modifications aimed at improving the interaction between implants and tissues.
In this study, the surface of the biodegradable Zn-0.8Mg-0.2Sr alloy was implanted with
nitrogen ions, and the impact of this process on the microstructure was observed.
Additionally, pure phases occurring in the alloy microstructure were also subjected to
implantation. The findings revealed the formation of nanopore structures on the surface
of pure zinc and the development of cracks in the Mg2Zn11 intermetallic phase. In the case
of the alloy, a combination of these effects was observed, along with the identification of
regions with varying heights through AFM measurements. The sputtering yield was
calculated using the TRIM code, and the results were found to be in good agreement with
previous findings, highlighting direct influence of sputtering on surface roughness.
Furthermore, slight changes in the chemical composition of the surface were observed,
particularly in the formation of oxides. Specifically, the presence of MgsN2 was confirmed
through various measurements such as XRD and TEM. However, the stability of nitrides
over time was found to be limited, lasting only several hours post-implantation due to
their susceptibility to humid environments. Based on these results, potential benefits
could be identified for the preparation of active surfaces on the Zn-based material.

This research was supported by the by the Czech Science Foundation (project no. 23-
05592S).
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CORROSION PROPERTIES AND BOND STRENGTH IN CONCRETE CONVENTIONAL
PRESTRESSING STEEL REINFORCEMENT WITH PLASMA SPRAYED SiC COATING
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Corrosion damage to conventional prestressing reinforcement placed in a grout channel
stimulated with chloride anions can lead to unpredictable collapse of reinforced concrete
structures. An expert report previously carried out on the condition of the Troja footbridge
after its collapse indicated that corrosion of the prestressing reinforcement stimulated by
chloride anions was the cause. In this paper, the possibility of applying corrosion
protection in the form of a protective SiC-based plasma coating is studied. The barrier
protection properties of the silicon carbide coating partially incongruently decomposed
into elemental silicon and amorphous SiO2 were comparatively verified in hydrochloric
acid - AAS solution by analyzing the iron content of the test solution after the exposure
time. Furthermore, the bond strength of the reinforcement coated in this way with
concrete of normal strength was verified by means of a pull-out test. Testing was carried
out on standard cubic specimens with standard uncoated and ceramic coated
reinforcement applied. Interpretation of the bond strength test results included
measurement of changes in surface roughness (Ra) and contact surface angle of the coated
ceramic.
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SiC silicon carbide has a set of extreme physicochemical properties that predispose it to
applications in almost all industries. At normal or slightly elevated temperatures it is used
in engineering as a grinding or machining material, it is used in optics, electronics, electrical
engineering, etc. Its high corrosion resistance and especially its radiation stability are also
used in the construction of equipment in contact with nuclear fuel or directly in nuclear
reactors. However, the behaviour at extremely high temperatures is problematic, with
oxidation, phase or structural transformations and incongruent thermal decomposition
(which may have been one of the causes of the Fukushima nuclear accident). However,
published data on these quantities are highly inconsistent, as the study of materials at
temperatures above 3000 K is experimentally difficult. In this paper, the behaviour of SiC
in a plasma generated in a hybrid water-stabilised WSP®-H 500 plasma torch is described,
which can reach temperatures up to 25 000 K at its output. The products formed in air or
nitrogen protective atmosphere during plasma deposition of powdered SiC on graphite
substrates are described and studied. As a partial result, it is possible to clarify the
differences between passive and active oxidation of SiC, justified in the literature by the
existence of volatile and unstable SiO molecules.
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Both uranium ores and the thorium-bearing phosphate mineral monazite contain
significant amounts of lanthanides, including scandium and yttrium. Similar variations
have been identified following the recent announcement of the discovery of new
lanthanoid deposits in the Kiruna region of Sweden. The processing of raw materials to
extract REEs and scandium primarily requires the removal/isolation of radioactive
thorium. This can be achieved by, inter alia, carbidation of the raw material, with
subsequent conversion of the hydrolyzable carbides into soluble compounds suitable for
ion-exchange separation. The possibility of formation of thorium carbide by reaction with
carbon at temperatures of 2000 - 2200°C by Spark plasma sintering (SPS) was verified on
raw material from the Czech uranium deposit J&chymov, containing oxides and silicates of
scandium and thorium, with high radioactivity caused by thorium content. At a maximum
temperature of 2200°C in the FCT SYSTEME HP-D10 apparatus, hydrolyzable carbides
Sc20C and ScaCs were formed, and carbidation of the present ThO2 did not occur, even
when using the more reactive carbon form of graphene. A thermodynamic calculation of
the reaction ThO; + xC = ThC, ThC; + yCO indicated the possibility of this reaction above
2500°C. The reaction at higher temperatures was therefore verified in an Acheson-type
micropiece with a tungsten heating core with the possibility of reaching temperatures up
to 3400°C. After hydrolysis of this product, allylene, a typical hydrolysis product of
scandium carbides, was identified in the gas phase. After subsequent dissolution of the
sample in hydrochloric acid and filtering of the solution, only the radioactive monocarbide
ThC (type B1) was identified in the insoluble residue. The radioactivity value of the
leachate after removal of the thorium, suitable for further safe processing, was at the limit
of the exemption level according to the SUJB standard.
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Introduction

Improving the mechanical characteristics of traditional materials is possible
by incorporating ultrafine oxide particles, which suppress dislocation movement,
consequently bolstering material strength. This approach is applicable to austenitic steels,
resulting in enhanced strength and resistance to creep, and suitability
for high-temperature uses. Understanding the formation and arrangement of dispersed
oxides in metal alloys is essential for the development of innovative high-strength
materials.

Methods

The process of preparation of oxide dispersion-strengthened austenitic steel 316L
included mechanical alloying of austenitic steel powder with Y20s. During the mechanical
alloying phase, elemental Y was introduced to dissolve within the Fe matrix
as an alternative approach. Subsequently, these powder precursors were compacted
through Spark Plasma Sintering (SPS), followed by a detailed analysis of their
microstructure. The resulting compacts were then subjected to an assessment of their
mechanical properties.

Results

Initial observations indicate a tendency for the formation of chromium-containing
carbides, believed to result from the minor diffusion of carbon originating from graphite
tools utilized in the procedure. Moreover, it was noted that both Y,0s and Y could
be successfully incorporated into a solid solution during the mechanical alloying stage,
with subsequent precipitation during compaction. The mechanical characteristics
of the materials exhibited variability, influenced not only by their chemical composition
but also by the precise conditions employed in the Spark Plasma Sintering (SPS) process.

Conclusion

Materials with homogeneously distributed Y203 particles have been successfully prepared
by powder metallurgy. Further research will focus on optimizing the SPS conditions
to avoid carbide formation in prepared materials.

This work was supported by the Czech Science Foundation, project no. 22-04227L.
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Corrosion Effect of Organic Buffers on Bioactive Glass

T. Pfivrackd, K. Opavov4, K. Panova
University of Chemistry and Technology Prague, Czech Republic

The Simulated Body Fluid (SBF) is used for in vitro testing and its preparation is described
in the I1ISO standard 23317:2014. Previous studies have showed that the TRIS buffer, which
maintains the pH in SBF, accelerates the dissolution of bioactive glass/glass-ceramics and
helps precipitate a hydroxyapatite (HAp) layer.

This work aimed to study the corrosion behavior of the TRIS and HEPES buffers and
compare the rates of the bioactive glass dissolution, as well as their effect on the HAp
formation.

Bioactive glass samples, in the form of bulk, were tested under the static-dynamic
conditions by the solutions: i) SBF without TRIS buffer (SBF), ii) SBF+TRIS (ISO standard)
and iii) SBF+HEPES. The concentrations of the elements (Ca, P and Si) in eluates were
analysed using ICP-OES. The pH was measured by glassy electrode at the physiological
temperature (36.5°C). Glasses and newly formed layers were observed by SEM/EDS and
XRD methods.

This work confirmed that TRIS and HEPES buffers used in SBF produced false positive
results of in vitro tests. Moreover, the chemical composition, morphology and crystallinity
of newly created apatite layer formatted in buffered SBF are different

This work was supported from the grant of Specific university research — grant
No A1_FCHT_2023_005.
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Introduction

Carbides of transition metals have a unique combination of properties such as high melting
points, high values of Young’s modulus of elasticity, extreme hardness and good chemical
stability. Due to this combination, these materials have broad usage like machining tools
and protective coatings for extreme environments like the nuclear industry. Carbides can
be prepared by mechanical alloying using the carbon waste made during pyrolysis of
polypropylene, yielding also carbon 2D forms. This method provides the preparation of
ultra-fine grains of carbides due to mechanical alloying with decreasing technological and
economical demandingness. The goal of this work was the preparation of tungsten and
titanium carbides by mechanical alloying. For the preparation, the milling time was
determined based on the kinetics of carbide formation. The effect of carbon excess on the
kinetics of formation was studied as well as the mechanical properties of sintered carbide
powders. Further, the powder carbides will be used in high entropy alloys and
determination of their effect in these alloys.

Methodology
Preparation of powder carbides by mechanical alloying method. Description of powder
carbide formation in respect of mechanical alloying by XRD, XRF, SEM + EDS method.

Results

In this work, the effect of n-heptane used as a process control agent on the preparation of
WC or TiC powder carbides was studied. It was confirmed that n-heptane significantly
affects the carbide formation. The excess of carbon, as well as the content of n-heptane,
is prolonging the formation of carbides.

Conclusion

In this work, the WC and TiC powder carbides were prepared. Also, kinetics of carbide
formation were studied based on mechanical alloying time. The effect of n-heptane used
as a process control agent and excess of carbon was studied. Both of these chemicals are
decreasing the speed of carbide formation.
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Microstructure of super duplex stainless steel prepared by powder metallurgy and
additive technology
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Duplex stainless steel (DSS) offers a unique combination of properties, including excellent
corrosion resistance, high strength, good toughness, ductility, and fatigue resistance. The
microstructure of this steel should consist of a balanced ferrite-austenite ratio. The phase
composition depends on the chemical composition of the material and the applied heat
treatment. DSS is usually heat-treated by solution annealing to achieve the required
ferrite-austenite microstructure without secondary phases. In this study, the
microstructure and mechanical properties of super duplex stainless steel SAF2507,
consolidated via Spark Plasma Sintering (SPS) and deposited by Directed Energy
Deposition, were investigated. Both techniques are able to produce samples with nearly
equal ferrite-austenite microstructure in the as-built state. The yield strength of SPS-ed
steel reached the value of 550-600 MPa, while the yield strength of DED-ed ranged from
600 MPa to 680 MPa.

The result was created within the project National Centre of Competence ENGINEERING,

No. TN02000018, which is co-financed from the state budget by the Technology agency of
the Czech Republic under the National Centres of Competence Programme.
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Vyzkum biodegradabilnich kovovych materidlli se v soucasnosti zaméfruje na zlepseni
povrchu implantatd, ktery by podpofil rychlejsi hojeni kosti. Biodegradabilni materialy se
v lidském téle postupné rozkladaji, a proto by potencialni implantat nemél obsahovat
toxické kovy. Z tohoto dlvodu se nejcCastéji pro pripravu biodegradabilnich materialQ
pouZivaji Mg, Zn a Fe. Problémem téchto prvk(l je ale jejich rychlost degradace
a biokompatibilita, coz by mohlo byt vyfeSeno povrchovou Upravou implantatu. V této
praci je komplexné popsan mechanismus vzniku hopeitu na biodegradabilni slitiné Zn-
0,8Mg-0,2Sr, kterd se fadi mezi perspektivni materidly pro biomedicinské ucely. Vyzkum
je zaméren na chemické sloZeni povlakovacilazné, dobu expozice a teplotu, které ovliviuji
strukturu, kvalitu, distribuci, fazové slozeni, tloustku a drsnost vzniklé vrstvy. Byly nalezeny
podminky povlakovani, pfi kterych vznikla hladkda a rovnomérné distribuovana vrstva
hopeitu. Dale byl ukadzan vliv pfitomnosti hopeitu na interakci slitiny s bunkami
a bakteriemi. Pfitomnost vrstvy hopeitu se projevila zvySenou viabilitou bunék béhem
pfimého testovani cytotoxicity. Vznik hladsi vrstvy pozitivné ovlivnil antibakteridlni
vlastnosti. Vysledky jsou tedy nadéjné pro pouziti povlakované biodegradabilni slitiny Zn-
0,8Mg-0,2Sr jako docasného implantatu.

Tento vyzkum byl financovan z projektu Grantové agentury Ceské republiky (23-05592S).
VLASTNOSTI LAMINATU S ANORGANICKOU MATRICI V ZAVISLOSTI NA TEPLOTE
VYTVRZOVANI

Soukup A.%?, Hajkova P.>?, Kohout J.2, Kohoutova E.%?, Vakili M.!
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2 Technickd univerzita v Liberci, Fakulta strojni, Katedra materidlu, Liberec, Ceskd
republika
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Byly pfipraveny laminaty s uhlikovymi vidkny a anorganickou matrici, které se lisily
teplotou vytvrzovani (5 °C, 10 °C, laboratorni teplota a 65 °C). Jako anorganickd matrice
bylo pouZito geopolymerni pojivo pfipravené z hlinitokfemicitanu (kalcinovany kaoliniticky
jilovec) a alkalického aktivatord (roztok draselného vodniho skla s hydroxidem draselnym).
Pouzitd uhlikova vldkna byla amorfniho charakteru. U pfipravenych laminatd byla
testovdna pevnost v tahu po vytvrzeni za laboratorni teploty a po vystaveni vysokym
teplotam (400 °C a 600 °C). Byly porovnany namérené hodnoty pevnosti v tahu vsech
laminatd, z kterych vyplyva, Ze nejlepsich pevnostiv tahu dosahuji laminaty s anorganickou
matrici se snizenou rychlosti tuhnuti pfi 5 °C.

Selective laser melting of binary Ti-30Nb alloy from an elemental powder mixture
I. Vofiavkova?, D. Vojtéch?!

Department of Metals and Corrosion Engineering, University of Chemistry and
Technology, Prague, Technickd 5, 166 28 Prague 6, Czech Republic

Introduction

Selective Laser Melting (SLM) is one of the additive methods for the manufacturing of
metallic materials and belongs to powder bed fusion technology. The final product is
sintered by a laser beam, layer by layer, based on a computer model. Beta titanium alloys
are considered as an adequate substitution for the currently most used Ti-6Al-4V alloy for
the production of implants, as they contain only non-toxic alloying elements and have a
lower modulus of elasticity. The modulus of elasticity of the beta alloy is closer to the
modulus of elasticity of cortical bone, thus reducing the risk of the so-called stress
shielding effect. In this work, a binary beta titanium alloy Ti-30Nb prepared directly from
a mixture of elemental powders was studied. The effect of process parameters on the
porosity and structure of the material was evaluated and the mechanical properties of the
printed alloy were determined.

Methodology
Laser diffraction, optical and scanning electron microscopy, XRD, compression tests,
Vickers” hardness

Results

A binary Ti-30Nb alloy was successfully prepared by SLM from a mixture of elemental
powders. According to the printing parameters, the porosity of individual samples and the
content of undissolved niobium particles varied. In terms of mechanical properties, the
samples achieved very good compressive yield strength and hardness.

Conclusion

The obtained results showed that different melting temperatures of the individual
powders do not allow the preparation of a homogeneous material. The Nb particles
remain undissolved in the structure and their content is higher, the lower the laser energy
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density is applied. However, when a higher laser energy density is used, partial
evaporation of the material and the formation of larger spherical pores due to excessive
melting occurs. Despite the inhomogeneities in the structure, the alloy reached very good
compressive yield strength and hardness.

This work was supported from the grant of Specific university research — grant No
A1_FCHT_2024_007.
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Highly Active Pt/Y-carbon Catalyst in Hydrogenation of Benzene

Sadovskd G.'?, Rastegar S.F.%, Pilaf R.}, Moravkova J.}, Parvulescu V.1.3, Pastvovad J.%, Pl$ek
J.1, Kaucky D.}, Kostkova N.»2, Sazama P.!

1J. Heyrovsky Institute of Physical Chemistry, Academy of Sciences of the Czech Republic,
Dolejskova 2155/3, 182 23 Prague, Czech Republic

2Department of Inorganic Technology, Faculty of Chemical Technology, University of
Pardubice, Doubravice 41, 532 10 Pardubice, Czech Republic

3University of Bucharest, Department of Organic Chemistry and Catalysis, B-dul Regina
Elisabeta 4-12, 030016 Bucharest, Romania

Wet impregnation of Pt salt solution on zeolite-templated carbon (ZTC) used faujasite
zeolite as a hard template provided Pt/Y-carbon catalysts. This can be prepared with a very
wide range of metal loadings up to at least 25 wt.% with very good dispersion of the metal
particles comparable to the loading for materials with 3 wt.% Pt. Due to the 3D-organised
open porous structure that allows access to the active centres, the TOFp: values are
identical even for very large Pt loadings. The catalytic activity of the Pt/Y-carbon is thus
directly proportional to the Pt loading, and the high concentration of active Pt sites results
in extraordinarily high activities in the hydrogenation of benzene to cyclohexane. The Pt
nanoparticles supported on zeolite-templated carbon are an example of a new class of ZTC
metal-supported catalysts that provide a very large concentration of metal sites on a
readily accessible 3D-organized porous support. A detailed description of the research
results is given by Rastegar et al.?
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Extraktivni recyklace textilii
J. Trejbal, M. Tomas, M. Zapletal

Vysoka skola chemicko-technologickad v Praze, Technickad 5, Praha 6 Dejvice, 166 28

Ve své prdaci jsme se zabyvali problematikou recyklace textilii, konkrétné extraktivni
separaci sloZzek z textilnich smési bavina/polyester. Bylo experimentdlné prozkoumano
nékolik moZnych metod separace. Prvni metodou bylo rozpousténi bavinénych vldken a
jejich zpétné vysrazeni v podobé regenerovanych celulézovych vldken, druhou metodou
byla hydrolyza polyesterovych vldken ve vodném roztoku hydroxidu sodného, treti
metodou byla methanolyza polyesterovych vlaken v pfitomnosti vhodnych katalyzatoru a
rozpoustédla dichlormethanu a <¢tvrtou a posledni metodou byla methanolyza
polyesterovych vlaken v pfitomnosti katalyzatoru kyseliny paratoluensulfonové.

Jako vhodnd metoda separace pro pramyslové vyuZiti se jevi methanolyza v
dichlormethanu s katalyzatorem uhli¢itanem draselnym, ktera umoznila separaci
veskerych polyesterovych vlaken z textilni smési.
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Electron Tomography as a Powerful Tool for Detailed Investigation of Catalysts
Microstructure

L. Kold&ny®?, A. Michalcovad?3, M. Vesely?

1 Department of Organic Technology, UCT Prague
2 Central Laboratories, UCT Prague
3 Department of Metals and Corrosion Engineering, UCT Prague

This work deals with the preparation and use of electron tomography methodology at UCT
Prague. The work is divided into a part dealing with the methodology of electron
tomography and a part dealing with case studies of catalysts tomography. The
methodology of electron tomography consists of the preparation of a specimen suitable
for electron tomography (for example: FIB-SEM lift-out method), the acquisition and
processing of tomographic data taken in a transmission electron microscope, and the
guantitative evaluation of the acquired image data of the catalyst. The case studies are
used to demonstrate the capabilities of electron tomography as a tool for material study.
In addition to the 3D model, the reconstruction also results in quantitative information
about the material, such as particle size distribution, distance of metallic parts from the
material surface, or the connectivity of porous systems. Based on the information
obtained, it is possible to observe a change in pore connectivity, sintering, or migration of
metal on the porous support.

This work was supported by the grants of Specific university research — grants No.

A2 _FCHT_2024_019 and A1 _FCHT 2024 004. L. Koldacny and M. Vesely further
acknowledge the Czech Science Foundation (GACR No. 23-08083M) for financial support.
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Heterogeneous catalysts based on quaternary nitrogen salts
K. Zitova, M. Hudcova, V. Bulavina, K. Zelinkova, E. Vyskocilova

Department of Organic Technology, University of Chemistry and Technology Prague,
Prague, Czech Republic

Salts derived from nitrogen-based compounds have a broad range of applications in
chemistry, from organic synthesis to electrochemistry. One particularly promising
application is their use as organocatalysts for various chemical transformations, such as
the cycloaddition of carbon dioxide to epoxides and the Knoevenagel condensation. The
cycloaddition of carbon dioxide to epoxides represents a significant synthetic route for the
production of cyclic carbonates, which are utilized as precursors for polymer and fine
chemical preparation. Carbon dioxide serves as a non-toxic, cheap, and renewable carbon
source. While, the Knoevenagel condensation reaction is a versatile method for the
synthesis of a, 8-unsaturated compounds, used as intermediates in organic synthesis, with
application in pharmaceuticals.

Our research primarily focuses on developing novel heterogeneous catalysts. The
immobilization of the nitrogen-based salts on support materials enhances their stability,
ease of separation, and recyclability. Two inorganic porous materials were used as
supports: mesoporous molecular sieve MCM-41 and the clay mineral montmorillonite.
The materials were prepared by modification of the support surface with halogenopropyl
trimethoxysilane, followed by quaternization of nitrogen compound. Various
N-heterocycles were used as quaternization agents. The activity of prepared materials was
evaluated in above mentioned reactions: the cycloaddition of carbon dioxide to styrene
oxide and Knoevenagel condensation of benzaldehyde and malononitrile. The influence of
the material structure on its catalytic activity was observed. The prepared materials
demonstrated high efficiency in both reactions, producing styrene carbonate and
benzylidenemalononitrile in high yields with 100% selectivity. This work provides insight
into developing new effective catalysts, suggesting their application in green chemistry.
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Innovative Approach for Determining Basicity in Thermally Labile materials
L. Dolej$ové Sekerova?, I. Paterové?, E. Vrbkoval, E. Vyskodiloval
1 Department of Organic Technology, UCT Prague

Layered double hydroxides (LDH) belong to the group of catalytic materials used in basic
catalysis. Their basicity is the most important property for catalytic performance. Our work
presents a possible method for the determination of such thermally labile materials’
basicity using liquid phase sorption of a specific probe. Anthranilic acid was chosen as an
optimal probe, and two methods were used for measuring the basic site amount — HPLC-
MS and DRUV-Vis. The chosen methods described exactly the behavior of the tested LDHs
in the model reaction. The basicity of LDHs increased in the row LDH2 < LDH3 < LDH2.5
which was the same trend for the conversion of reactant achieved in a model reaction.
The important parameter in the model reaction and in the basicity determination was the
particle size of the materials. The amount of adsorbed anthranilic acid on LDHs was in the
range 197.8 - 199.7 mg/g, which was ten times higher than the amount adsorbed on mixed
oxides (MO, the precursor for LDH preparation, adsorbed amount of anthranilic acid 13.8
-18.5 mg/g). The MO adsorption of anthranilic acid showed differences in overall basicity
that were not visible under conventionally used method (temperature programmed
desorption).The developed method seems to be promising in the determination of the
basicity of especially thermally labile materials for which the conventional methods cannot
be used[1].
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Catalytic activity distribution of individual catalyst particles in one catalyst batch
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Kubigka D.%%, Vesely M. !
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This work investigates inter-particle heterogeneity of the catalytic activity of hydrotalcite
particles. Hydrotalcites are layered double hydroxides that exhibit basic active sites, which
could vary in strength, and this variation could decrease reaction selectivity. While overall
catalytic activity determination of the ensemble of catalyst particles is directly accessible
by standard tests in a chemical reactor, catalytic activity determination of individual
catalyst particles remains challenging. Here, we introduce a methodology for the chemical
labeling of single hydrotalcite particles using a model reaction - base-catalyzed
disproportionation of furfural. Furfuryl alcohol, one of the reaction products, could
polymerize, and the polymerization products fluoresce. The higher the catalytic activity,
the more reaction turnovers within the catalyst particle and the more intensive the
particle fluorescence. Hence, fluorescence imaging of catalyst particles indirectly shows
inter-particle variability in catalytic activity in this base-catalyzed reaction. This method
reveals a variance of up to 20% from the mean fluorescence intensity. Therefore, the
reaction rate determined in the catalytic reactor must have the same variance. This
approach opens new doors for understanding the intricacies of catalytic activity and can
pave the way for more effective catalysts.

This project was supported by the Czech Science Foundation (GACR No. 23-08083M).
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Chemical recycling of electro-waste by pyrolysis — monitoring of main chemical
compounds in pyrolysis oil

Midula P.}, Oravova, L.}, Barchankova, 1.1, Kuran, P.!

1 Jan Evangelista Purkyne University in Usti nad Labem, Department of Environmental
Chemistry and Technology, Pasteurova 3632/15, 400 96, Usti and Labem, Czech Republic.

The chemical recycling techniques of waste materials are essential tools in modern applied
research, providing valuable data for a better understanding of the circular economy as
well as for other environmental topics. Pyrolysis, a thermal decomposition process in the
absence of oxygen, is one of the attractive and effective ways of utilizing different types
of waste. This chemical recycling technique converts waste, such as plastics and biomass,
into various products, which are considered as alternative resources in the petroleum and
chemical industry. Input raw material consists of liquid product of homogenized and
pyrolytically transformed representative electro-waste (plastics from flat screens).
Pyrolysis oils are complex mixtures of numerous components and chemical compounds.
After necessary sample pre-treatment techniques, a high-resolution qTOF analyzer in
combination with gas chromatography was applied to perform detailed and robust non-
targeted identification of compounds in pyrolysis oil. Presented results show various
spectre of organic compounds, especially alkanes, alkenes, polyaromatic hydrocarbons,
and heteroatomic molecules, consisting predominantly of O-bound / N-bound compounds
and brominated/chlorinated substances. According to the particular content of
heteroatomic molecules in liquid products, consequent after-treatment procedures
should be applied, including adequate purification. A proper understanding of the
pyrolysis of waste material and its mechanisms is a key aspect of the development of
chemical recycling technologies. The presented study brings a deep insight into the topic
of pyrolysis of complex plastic waste via the identification and discussion of groups of
compounds that are formed during the pyrolysis process.
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Recycling of polypropylene waste obtained from automotive industry
B. Vasilkovova, T. Ondrovic, E. Hajekova

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Bratislava, Slovakia, email: bozena.vasilkovova@stuba.sk

Nowadays, plastics are an integral part of cars. While in 1970 there was only 40 kg of plastic
in the car, nowadays it is up to 130 kg. The majority of plastics in cars are made of PP
(35%). The remaining part consists of polyurethanes and polyvinyl chloride (total 35%),
ABS, PA, PE and other types of plastics [1]. Plastic products in cars must meet strict criteria
(e.g. quality requirements in terms of safety, heat resistance, etc.). Recyclates obtained
from mechanical recycling are not suitable for their re-production due to inferior
properties in comparison with original polymers. Therefore, much attention is paid to
feedstock recycling. The benefit of feedstock recycling (thermal or catalytic cracking) is the
production of chemicals, e.g. ethylene and propene, which can be reused for the
production of polymers (plastics) meeting these strict criteria as well as fuels (gasoline,
diesel). Of course, yields and composition of fractions depend on reaction conditions, type
of reactor, residence time, and the presence or absence of a catalyst.

Considering the majority share of PP plastic in cars, our work is focused on the thermal
and catalytic cracking of waste PP in a two-stage reaction system consisting of a batch
semi-flow reactor and a flow reactor. The temperature on the bed of the catalyst located
in the semi-flow reactor reached a temperature of 420°C. The weight of the input raw
material was 25g and the ratio of catalyst to raw material varied in the proportions 1:14,
1:10 and 1:7. Both thermal and catalytic cracking were carried out under the same
conditions and in the presence of nitrogen (60mg/min) as an inert. A thermal cracking
experiment was used to compare and determine the effect of the catalyst on the
composition and yields of gas and liquid fractions. 0.1 M acid-modified natural zeolite
clinoptilolite was used in the catalytic cracking process.
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Substituted stilbenes in study of solid state fluorescence behavior dependence on
carbazole position

Pauk K., Teichmanova K.%, Chernenko D.}, Vala M.2, Smolka R?, Lufidk, S.2, Imramovsky
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University of Pardubice, Pardubice, Czech Republic.
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Substituted stilbenes with carbazolyl electron donor group, dicyanovinylene acceptor and
a pair of side-aryls fluorescence both in solution ans solid-state. Polymorphism,

regioisomerism and side-aryl engineering modifies the colour of intense solid-state
fluorescence from yellow over orange and red, to deep red.

EWG: CHO, =

R: H, 3,5-diMe

Figure 1: Syntheses of the compounds under study.
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Producing of 1,8-cineol from a-terpineol using heteropolyacid as catalyst
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Introduction
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One of the many options, how to the utilize renewable resources, is the use of essential
oils from plants that are rich on monoterpenes and monoterpenoids. a-Terpineol can be
found, e.g., in lavender and leaves of conifer. It is signicantly used as a fragrance in soaps,
perfumes, and cosmetics due to its lilac scent. Under acid catalyzed a-terpineol
izomerization, we obtained a lot of products, the most interesting of them was 1,8-cineol.

Methods

Fumed silica and mesoporous silica MCM-41 were used as supports. Silicas were
impregnated by a suitable heteropolyacid from water solution. The a-terpineol
transformation was performed in a round bottom flask with a condenser heated in an oil
bath on a magnetic stirrer under vigorous stirring. The samples without catalyst were
diluted, and the composition was analyzed by GC-FID with a non-polar column.
Compounds were identified using GC-MS.

Results

Firstly, we tested heteropolyacid in a homogenous arrangement. We obtained the best
results using 0.5 mol.% of phosphotungstic acid. 1,8-Cineol was produced with selectivity
15-26 % in ethyl acetate. HPW was impregnated on fumed silica and MCM-41. Prepared
heterogeneous catalysts were characterized and used in the reaction of a-terpineol
in various green solvents (e.g., methyl acetate, dimethyl carbonate) for the study of
the interaction between the heterogenous catalyst and solvent.

Conclusion

Based on heteropolyacids activity, HPW was chosen as a suitable for the impregnation of
silica supports. 1,8-Cineol was produced with a selectivity higher up to 26 %. HPW was
impregnated on fumed silica and MCM-41 in various contents. We studied the influence
of the interaction between the heterogenous catalyst and solvent, especially green ones.

This work was supported from the grant of Specific university research — grant No.
A1_FCHT_2024_004 and A2_FCHT_2024_035.
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Quality adjustment of liquid fractions from waste plastics pyrolysis and their use in the
coprocess of hydrorefining

T. Ondrovi¢?, J. Mikulec?, E. Hajekova?, A. Peller!, M. Sleza¢kova?
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Bratislava, Slovakia
2VURUP, Bratislava, Slovakia

Plastic waste with a high content of polyalkenes can be a valuable source of feedstock for
refineries. In our research we developed a laboratory recycling unit consisting of a conical
continuously operating reactor with a volume of 2 liters equipped with two heating zones.
The mixture of waste polyethylene and polypropylene (1:1 wt) was pyrolyzed at 440 °Cin
the presence of carbon dioxide and the obtained pyrooil was further filtered and
fractionated into four fractions - naphtha, kerosene, diesel, and residue. Impurities
originating from additives and fillers from waste plastics also partially entered the pyrolysis
oil. Detailed analysis of the distribution of impurities in individual fractions was performed.
Material balance for pyrolysis in the conical reactor as well as yields of individual fractions
after distillation were set. The diesel fraction was obtained with the highest yield in the
amount of 33 wt%. The effectiveness of three different adsorbents - activated carbon,
alumina, and silica gel was tested to capture impurities present in the diesel fraction. The
coprocess of hydro-refining of kerosene and diesel fraction from waste plastics has also
been carried out in the laboratory flow reactor in the mixture with fossil kerosene or
vacuum gas oil (mixtures 1:9 V/V) at reaction conditions similar to the industrial hydro-
refining units and in the presence of catalyst NiMoP/y-Al20s. Our result confirms the
possibility of coprocessing of fractions from waste polyalkenes together with fossil
fractions in a hydrorefining unit with no negative effect on the properties of the products.
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Vliv pridavku pyrolyzniho oleje z pouzitych pneumatik na vytézkovou strukturu
produktt pfi fluidnim katalytickém krakovani
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1ORLEN UniCRE a.s., Revoluéni 1521/84, Usti nad Labem, Czech Republic
2Vysokd $kola chemicko-technologickd, Technickd 1905, 166 28, Praha, Czech Republic

Ve snaze omezit negativni klimatické dopady zplisobené vyuzivanim fosilnich
surovinovych zdrojl pro vyrobu paliv a chemikalii se hledaji nové technologie pro jejich
vyrobu. Jednou z intenzivné sledovanych moznosti je preména polymerniho odpadu na
suroviny vhodné pro vyrobu motorovych paliv a petrochemie.

Bylo provedeno analytické vyhodnoceni dostupného pyrolyzniho oleje z
pouzitych pneumatik. Tato data ukazala potencialni problémy pfi zpracovani na jednotce
fluidniho katalytického krakovani (FCC). Jedna se predevsim o obsahy kovu plsobicich jako
katalytické jedy (Ni, V, Fe, Na), které jsou ve vétSim mnoiZstvi pfitomny v pyrolyznich
olejich. Dalsimi ukazateli jsou obsah vazané vody, obsah sirnych a dusikatych latek a
predevsim obsah chloru, jehoz limit je rafinérii pfisné kontrolovan.

Pyrolyzni olej z pouzitych pneumatik byl pfidan do standardniho ropného FCC
nastriku v mnoZstvi 5, 10 a 20 hmotnostnich procent. Takto pfipravené suroviny byly
zpracovany na laboratorni jednotce ACE, kterd simuluje technologii FCC. Reakéni teploty
byly 500, 520 a 540 °C a tfi dostupné rovnovazné FCC katalyzatory. Byla sledovana celkova
konverze suroviny i celkova vynosova struktura produktd. Zvysujici se obsah pyrolyzniho
oleje z pneumatik v nastriku zplsobil pokles celkové konverze z 3,0 % hmotn. na 6,5 %
hmotn. Zaroven doslo také k vyraznému omezeni vyroby Zadanych produktl jako je
propylen a benzinova frakce. Zvysujici se reak¢ni teplota trochu zvysila celkovou konverzi
suroviny obsahujici 20 % hmotn. pyrolyzniho oleje z pneumatik. Z hlediska konstantni
produkce koksu byla celkova konverze vys$si o 0,6 % hmotn., zatimco produkce suchého
plynu, propanu, propylenu, Cs frakce a slurry vzrostla. Na druhé strané byl pozorovan
klesajici trend u isobutanu, benzinové frakce a LCO frakce.
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There are also impurities present in the cracking products of waste polyolefins that could
have a negative impact on their use in products or other downstream recycling
technologies. Sources of impurities include catalytic system residues, functional additives,
fillers, pigments and coatings. The subject of the research was the cracking of a mixture of
waste PP blended with waste LDPE, the identification of impurities and the investigation
of their effective elimination. Mechanically sheared fillers (TiO2), halogen-containing
compounds (Cl, Br) and polar compounds from the decomposition of prints and dyes were
identified in the liquid cracking products. Filtration and high-temperature dehalogenation
were used for their separation using two industrial adsorbents, Actisorb® CI6 (Clariant)
and AxTrap™ 858 (Axens). The waste PP contained 1.79 wt.% ash after annealing at 550°C.
The major constituents were 2840 mg/kg Ti, 3656 mg/kg Ca, 489 mg/kg Al, 368 mg/kg Mg
and 266 mg/kg chlorine. The bromine content was low below 0.1 mg/kg. The bulk of the
fillers remain in the solid residue after thermal cracking. In the liquid fraction, the organic
chlorine concentration was 206 mg/kg, the silicon content was 49.8 mg/kg, and the Al
content was below 0.1 mg/kg. The tests were carried out in a tubular flow reactor with an
adsorbent bed in the temperature range of 360-420°C in a CO2 stream (0.2L/min). The high
efficiency of both adsorbents was demonstrated. The dechlorination efficiency was 93-96
% (minimum organochlorine content was 0.38 mg/kg) and increased with increasing
temperature. The desilication efficiency was also high 92-95%( the minimum value of Si
content was 0.55 mg/kg. Secondary cracking of hydrocarbons with higher boiling points
was carried out at 400 and 420°C. The degree of unsaturation increased and the end of
the distillation curve decreased. In the gas fraction was dominated isobutene and
propylene.
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The pyrolysis section of ORLEN Unipetrol's steam cracker consists of eleven pyrolysis
heaters. The type of the operated heaters changed significantly after an incident in 2015,
when four of ten heaters were heavily damaged by fire. This part of the pyrolysis section
was totally rebuilt in 2016 by T.EN. Due to the very positive experience with new heaters
the last eleven one - identical to units built in 2016 was commissioned last year.

The recently operated pyrolysis section therefore offers a unique opportunity to compare
the operation of three different designs of pyrolysis heaters - the original heaters equipped
with SRT Il reactors from the 70°s, the revamped heaters from the beginning of the new
millennium and up-to-date design represented by newly built heaters fitted with GK6 and
SMK reactors arranged in three parallel rows.

Since the rebuilt of the pyrolysis section followed by the re-commissioning of the steam
cracker in 2016, no comparison of the individual heater designs has been made, both in
terms of the economics of operation and the achieved yield vectors. Such a comparison
presented in this paper was made possible by a detailed analysis of operational data and
also by the utilization of a hot cracked gas sampling method developed at ORLEN
Unipetrol. The results obtained by the detailed analysis of the operational data and a
comparison of the yield vectors are discussed focusing on the innovative technical
solutions distinguishing the new pyrolysis heaters from the original ones.

The current increase of energy costs, emission fees as well as other operating costs make
a constant pressure on the identification of ways how to reduce energy consumption and
optimize assets operation. Thus the pyrolysis section consumes on average 60 percent of
the total steam cracker energy consumption, any system improvement or better technical
solution has a significant impact on the overall economy of plant operation. The results
presented in this paper prove this goal was successfully achieved.
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The use of multivariate statistics and mathematically modelled IR spectra for
determination of HVO in diesel fuel

Sihlovec F.1, Vrtigka D. %, Simacek P.1
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Blends of diesel fuel with certain portion of bio-components are currently increasingly
represented on the market. The most common bio-component for diesel engines is FAME
(fatty acid methyl ester), but the share of diesel with HVO (hydrotreated vegetable oil)
content has been increasing in recent years. HVO has many advantages in mixture with
diesel, compared to FAME, but the fact remains that it is difficult to detect and quantify it
in this mixture. The reason is the great similarity in the hydrocarbon composition of HVO
and diesel fuel. A commonly used method for determining of HVO content is isotope C14
radioanalytical analysis, which can be performed by using LSC (liquid scintillation crystal)
or AMS (accelerator mass spectrometry). However, the important fact is that both
methods are very expensive. For this reason, the infrared spectroscopy followed by
chemometric data processing was used for the HVO content quantification in the blends
with diesel.

Infrared spectroscopy in ATR mode was utilized and 5 PLS prediction models were
prepared. Standards used in these models consist of 10 different diesel fuels and 5
different HVO fuels. Calibration standards were created by mathematical combination of
the spectra of the neat fuel components (HVO and diesel) with each other. The models
were validated using standards consisting of both mathematically modelled spectra and
real measured spectra . All 5 models were optimized for minimalization of prediction error.
Mean centring and two smoothing techniques were used for the optimization.
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Chemical Characterization of Pyrolysis Bio-oils from Cellulose, Hemicellulose,
and Lignin

Stas M., Zavodnikova A., Erhart S., Glines G.
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and Technology Prague

Bio-oils from lignocellulosic biomass pyrolysis are promising renewable feedstock for
producing oxygen-containing chemicals or advanced biofuels. A more widespread use of
bio-oils requires more detailed knowledge of their composition. In this work, we prepared
bio-oils by the pyrolysis of cellulose, hemicellulose and lignin (i.e., main building blocks of
lignocellulose). For the obtained bio-oils, we performed analyses of basic physical and
chemical properties and a comprehensive chemical characterization also. The results
obtained for these structurally less complex bio-oils can be helpful to understand the
chemical composition of whole bio-oils in more detail.
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Current issue is searching for renewable sources for production of various materials or
energy, which are currently produced from crude oil. Triacylglycerides, contained in the
vegetable oils, animal fats or waste frying oils, are one of the possible renewable sources
and can be transformed to ester by transesterification. The other product is glycerol, which
has many applications in chemistry, food and pharmaceutical industries. The esters can be
transformed to epoxides, which have many applications such as (i) bio-lubricants in means
of transport (additives to oils) or (ii) raw material for bio-polymers, higher alcohols, olefins,
glycols, polyesters and carbonates. These chemicals are currently produced from crude
oil.

The epoxidation of methyl esters of the non-edible Camelina sativa oil (second-
generation biofuel) was carried out because it contains mainly unsaturated fatty acids,
which are suitable for epoxidation. The novelty lays in the explanation of epoxidation
process by the combination of statistical analysis and quantum chemistry thermodynamic
calculations. The epoxidation can solve an increasing ester production, which arises
together with increasing glycerol production by transesterification of vegetable oil. The
composition of epoxidation products was checked in detail (GC-MS) at various reaction
conditions including oil refinement. The mutual relations between them were statistically
evaluated and mathematical models were constructed. According to the statistical
analysis, the reaction time and temperature had the highest effect on the products’
composition and oil refining is unnecessary. Moreover, the Raman spectroscopy was used
to determine the iodine value, i.e., ester conversion without the use of chemicals. These
outcomes will make the process of epoxidation of Camelina sativa more environmentally
friendly.
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Ethanol stands out as one of the most promising chemicals for the production of
sustainable derivatives like butadiene, ethylene, ethyl acetate, acetaldehyde, and butanol.
Presently, ethanol is primarily derived from the fermentation process of sugar-based crops
and lignocellulose biomass. It serves as a commonly used biofuel, often blended with
gasoline at a rate of 10%. However, ethanol's high miscibility with water can lead to an
increase in fuel water content during long-term storage. In contrast, butanol exhibits a
lower affinity for water and boasts a higher energy content compared to ethanol. Its
versatility extends to applications in the synthesis of butyl acrylate, butyl acetate, glycol
ether, and as a direct solvent in textile and chemical processes, including plasticizer
production. Moreover, the global butanol market is expected to grow by 6% from 2021 to
2031.

While butanol is traditionally produced through fermentation, it can also be synthesized
from ethanol using the Guerbet reaction. This sequential process involves
dehydrogenation, aldol condensation, and hydrogenation steps, each requiring specific
catalysis. Redox catalysts, typically containing copper, facilitate the hydrogenation and
dehydrogenation steps, while acid-based catalysts, commonly potassium or sodium
hydroxides, drive the aldol condensation. Despite yielding not only butanol but also
branched alcohols like 2-ethyl-butanol, the Guerbet reaction suffers from lower selectivity
toward the desired product. Consequently, our research is directed toward developing
optimized reaction pathways, including the exploration of suitable catalysts or catalyst
groups and the examination of reaction conditions.

Our research methodology centers on the analysis of individual reaction components,
necessitating varying reaction conditions. For instance, in the aldol condensation of
acetaldehyde, we observed a higher selectivity toward crotonaldehyde. Subsequent
hydrogenation of crotonaldehyde yielded butanol at 100°C. The aldol condensation
reactions were conducted in stainless steel autoclaves, with rehydrated mixed oxides of
Mg-Al demonstrating superior activity. Comparative studies with Mg-Al mixed oxides
facilitated the determination of the optimal catalyst quantity.
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The paper deals with the preparation and testing of modified resins based on the
methyldicyclopentadiene (MDCPD) as a by-product in the production of dicyclopentadiene
(DCPD). Different types of MDCPD-based resins were prepared from several different
qualities of initial MDCPD and compared with DCPD-based resins and standard resins.
Unsaturated polyester resins, alkyds and hydrocarbon resins were targeted. Formulations
of the recipes were optimized in order to improve some properties of the prepared resins.
On the basis of the tests carried out, it was confirmed that MDCPD can be used for the
production of resins, which are capable of competing with standard and DCPD-based
resins.
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Global production and consumption of plastics has increased dramatically in
recent decades, leading to an exponential increase in the production and accumulation of
plastic waste. This poses a serious threat to terrestrial and marine ecosystems.
Conventional waste treatment methods, such as mechanical recycling, are unable to keep
up with the rate of waste generation, especially for complex plastic mixtures, and do not
achieve the required recycling rates. Chemical recycling is an important alternative to
conventional plastic waste treatment. However, waste plastics contain numerous
impurities that migrate into the pyrolysis oil [1], making them unsuitable for processing in
the petrochemical industry due to exceeding heteroatom concentration thresholds.

Pyrolysis of model polymer blends (polyolefins with PA6, PUR, ABS) was
performed to identify contaminating components, mainly nitrogen. These components
were subsequently removed by adsorption during stepwise pyrolysis or by extraction from
the resulting pyrolysis oil. It was found that the polar compounds were selectively
removed, but non-polar compounds with heteroatoms remained in the pyrolysis oil.
Despite promising results from literature reviews, these results were not confirmed by
pyrolysis of model polymer blends in our lab.
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Propylene holds a significant position in the petrochemical industry. Its global
production increased from 84 million tons peryear in 2013 to 120 million tons per year
by 2022. Currently, its almost entire worldwide production is covered by two
processes. Over 50% comes from steam cracking of hydrocarbons, and 35% is
produced through fluid catalytic cracking. The technological processing of propylene
imposes high demands on its qualitative parameters. High purity of propylene, equal
to or greater than 99.5 wt.%, is required. This requirement places high demands on its
separation. Propylene is obtained from a mixture of propane and propylene, both
components have very close boiling points, making separation technologically and
energetically demanding. Obtaining propylene by distillation requires a high reflux
ratio and a large number of equilibrium stages. Due to their dimensions, these
distillation columns rank among the tallest columns in practice, reaching heights
exceeding 100 m. Currently, operating columns at a reduced pressure (10 bar) and
utilizing a configuration with a heat pump is gaining prominence. Overhead vapors are
compressed in a compressor and subsequently used for heating in the column's
reboiler. This configuration combines the condenser and reboiler into a single unit,
reducing the energy requirements of the process. A rigorously designed model of a
column with and without a heat pump was constructed. These alternatives were
compared in terms of economic, energy, and environmental aspects, revealing that
the configuration with a heat pump is more advantageous. The constructed system
was compared with real operational data, and very close parameter values were
achieved.
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More than 400 000 tonnes of plastic waste are produced in the Czech Republic every year.
Only 18% of this amount is recycled, less than 40% is recovered for energy use and the
remaining plastic is landfilled. Pyrolysis is a promising way of processing this waste,
producing pyrolysis oil, which can be used as a feedstock for the production of fuels and
petrochemicals. However, this oil contains undesirable components such as halogens and
other heteroatoms, olefins, water, etc. As a result, pyrolysis oils have low stability or are
corrosive, which causes problems in transportation, storage and processing.

In the present work, corrosion tests of pyrolysis products of different types of waste
plastics and waste tyre rubber were carried out on copper using modified ASTM D130
standard method and on steel coupons. At the same time, the change in oxidation stability
of fresh pyrolysis oils and oils after corrosion tests was studied. The samples of oils
obtained by tyre pyrolysis showed higher corrosion effects on steel. Comparison of the
results of the oxidation stability of pyrolysis oils before and after corrosion tests shows,
among other things, that the presence of copper shortens the induction time for some
pyrolysis oils from waste plastics by up to ten times. This demonstrates a significant change
in the properties of pyrolysis products after contact with construction materials.
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EXPLORATION OF THE ENVIRONMENTAL LOAD AT HOREHRONIE IN THE VILLAGE
PREDAJNA

Slezackova M., Mikulec J., Danc L.
VURUP, a. s., Vicie hrdlo, P.O.BOX 50, 820 03 Bratislava, Slovak Republic

One of the priorities of the Government of the Slovakia in the area of the environment is
also the removal of environmental loads (ELs), which pose a danger to human health, the
environment, and increase the contamination of soil, rock environment and groundwater.
Gudron pits at Horehronie are among the largest ELs in Slovakia, while the largest of them
is located in the cadastral territory of the village Predajna. Due to the fact that ELs - landfill
Predajnd | and Predajna Il are locations with a high priority, their rehabilitation is highly
desirable and necessary. Both gudron landfills are located in a geologically and
hydrogeologically unsuitable environment with a high permeability of krastic carbonate
rocks.

The subject of the work was the analysis of pasty and solid gudron samples. The results of
the analysis show that they contain a high proportion of water, inorganic salts and
secondary pollution. After extraction and dewatering at ambient temperature the water
content can be radically reduced. Energy use of tars treated in this way is possible as one
alternative, respecting the high content of total sulfur, highly corrosive components of flue
gases and neutralization of free sulfuric acid with CaO. Tars can be neutralized by mixing
with CaO0. It is technologically advantageous to use aromatic fractions during neutralization
for better contact of CaO with tars. A beneficial side effect is an increase in calorific value.
For the chemical use of tars, it is necessary to separate the organic part from the inorganic
part. Extraction with a mixture of aromatic and polar solvents proved to be advantageous.

These results of the analysis will serve for the needs of developing a feasibility study, as
well as input data for the project to rehabilitate this environmental load.

The rehabilitation of the ELs in the village Predajna will be carried out in accordance with
the measures resulting from the State Program for the Rehabilitation of the ELs (2022-
2027), while it will be a significant contribution to the improvement of the environment in
the area of Horehronie.
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Introduction

To reduce the environmental pollution, sea waters in particular, the environmentally
acceptable lubricants (EALs) should replace mineral oils at all sea water-oil interfaces as
required by several national legislation rules (VGP 2013, Polar Code 2017). In contrast to
mineral oils the EALs must meet environmental criteria. Besides the excellent lubricating
parameters and stability, they must meet strict criteria for biodegradability, biotoxicity and
bioaccumulation. The fact that these criteria sometimes counteract against each other, for
example long lifetime vs. high biodegradability, the task for EAL lubricant formulators
became very difficult. Therefore, the lubricating properties of newly formulated EALs have
to be carefully investigated in parallel to their environmental characteristics. The task for
EAL formulator to prepare lubricant for the targeted application includes careful selection
of a base fluid in combination with additive or additive packages that have to be mutually
compatible under wide range of operating conditions.

Methodology

In this contribution we investigated rheological and frictional behavior of several synthetic
ester base fluids without and with additives as EALs candidates for maritime applications.
The rheological and frictional properties were characterized by HAAKE-MARS 60
rheometer with co-centric cylinder geometries and tribology measuring cell for frictional
properties characterization.

Results

The tested samples of EALs and their base-fluids were compared with their mineral oil-
based counterparts and commercial EALs of the same viscosity grade. We concluded, that
the newly formulated EALs are fully competitive with their mineral oil-based predecessors
in terms of performance while being environmentally acceptable.
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ZEOLITES IN FERTILIZERS
Stefancova R., Lencsés L., Kuéera M.
VUCHT a.s., Bratislava, Slovakia

Natural zeolite - clinoptilolite is a hydrous aluminosilicate of cations of alkali metals
and alkaline earth metals from the heulandite group, which have the ability to
exchange their exchangeable cations for others. The three-dimensional lattice of
zeolites generally contains holes forming channels in which cations or molecules, for
example water, are adsorbed?.

The multidirectional use of zeolites in agriculture results primarily from their high
porosity, sorption-ion-exchange capacity and well-developed specific surface area.
Their direct application to the soil not only has a beneficial effect on the soil sorption
capacity, but also reduces soil acidification and increases the efficiency of nutrient use.
Better utilisation of nutrients from fertilisers gives higher yields and reduces nutrient
dispersion in the environment?.

Zeolite as an additive to ammonium nitrate affects the phase transition temperature
of crystal modification IV, which is a stable form for storage. A typical phase transition
temperature of IV-lll is 32 to 34 °C3. Modified ammonium nitrate have a higher
transition temperature, depending on humidity, preparation method and the
presence of additives.

Each phase transition causes the degradation of granular fertilizer reduces mechanical
strength, increases the dust and hydrophilicity.

The contribution is devoted to the research of granular ammonium nitrate fertilizer
with zeolite. The raw material is zeolite - clinoptilolite from Nizny Hrabovec in the east
of Slovakia, mined by Zeocem a.s. Bystré.
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Production of fertilizers containing phosphorus often involves processing phosphates
from phosphate rock. Phosphate rock is a natural source of phosphorus, a crucial
nutrient for plant growth.

In 2014, the EU classified phosphate rock as a critical raw material, and in 2017,
phosphorus as an element was added to the list¥2. Typical phosphate rock contains
phosphate expressed as P20s at a concentration of 25 — 40%.

The extraction of phosphorus from waste sources is gaining increasing attention
because phosphate rock resources are depleting. One alternative waste source of P is
ash from sewage sludge after thermal treatment. Phosphate ash contains phosphorus
compounds that can be biologically utilized by plants. The phosphorus content,
expressed as P20s, in sewage sludge ash can range from 6 — 25%>. Phosphate ash is
also enriched with other nutrient components such as Ca, Mg, and possibly K. The
exact composition of phosphate ash may vary depending on the specific production
process and raw materials used.

Industrial technologies using sewage sludge ash as a raw material demonstrate high
efficiency and utilization with a lower environmental impact. Raw phosphate ash is
often processed into fertilizers or can be used as an industrial additive to improve soil
properties.

This contribution describes the direct application of phosphate ash after thermal
processing of sewage sludge in the production of granulated fertilizers, considering
not only nutrient content but also heavy metals in accordance with EC regulation®.
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Crystallization kinetics of Al203-Yb203-Er203 glasses
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Aluminate glasses possess unique physical and chemical properties, making them
highly durable materials for challenging conditions such as high temperatures and
corrosive environments. The addition of rare earth oxides RE20s3 to alumina-rich
systems can further enhance their properties. However, their wide utilization is greatly
influenced by the preparation conditions, which require high melting temperatures
and high cooling rates. Precise studies of their thermal behaviour, and crystallization
in particular, are necessary to understand and develop conditions for efficient
preparation of glass or glass ceramics with this composition.

This work focuses on Al203-Yb203-Er203 glasses (62.5A120s3 - (37.5 — x)Yb203 - xEr203, x
=1, 3, 5) — their preparation and thermal behaviour. The samples were prepared by
the combination of the Pechini sol-gel method and flame synthesis. The study of
thermal behaviour was carried out by differential scanning calorimetry (DSC) and
supported by scanning electron microscopy (SEM) and X-ray powder diffraction (XRD).
Thermal analyses were performed in the temperature interval of 30 — 1100 °C under
non-isothermal conditions with the heating rates of 0.25, 0.5, 0.75, 1 or 1.25 °C.min?
and also under isothermal conditions at 914 °C for 90 min. Kinetic parameters —
activation energy Ea, frequency factor A and Avrami exponent n were calculated by the
JMAK model. The results of SEM, XRD and kinetic analysis confirmed the chemical
reaction-controlled crystallization process with linear time dependence of nucleation
rate and 2-D (5.0 mol.% Er203) and 3-D (1.0 and 3.0 mol.% Er203) growth of cubic
YbAG.

Acknowledgement

. This item is a part of the dissemination activities of project

* * . .

* F This project has received funding from the European Union’s Horizon
ot 2020 research and innovation programme under grant agreement No

739566. The financial support of this work by the project APVV 19-0010 is gratefully
acknowledged.

81



Composites based on phase change materials for heat energy storage
P. Honcova?, G. Sddovskal?, N. Kostkova?, P. Kostal', R. Pilai?

1Department of Inorganic Technology, Faculty of Chemical Technology, University of
Pardubice, Pardubice

2J. Heyrovsky Institute of Physical Chemistry, Academy of Science of the Czech
Republic, Praha

3Ndzev instituce, Mésto

An inability to reduce the consumption of natural raw materials together with the
discrepancy between the supply and demand of energy from renewable sources leads
to the request for long-term energy storage. Phase change materials (PCMs) seems to
be siutable candidates for this task, and several salt hydrates have been explored
intensively. However, large-scale implementation of PCMs into the energy system is
still lacking and requires significant improvement of the proposed PCMs. The main
demands of PCM are: low price, non-toxicity and its stability over thousands of phase
change cycles. In the case of phase change cycles (including melting — crystallization in
the case of salt hydrates) there are three main aspects negatively influencing its
repeatability and stability — phase separation, supercooling, and low thermal
conductivity. Phase separation can obviously be overcome by encapsulation or the
addition of filler. Supercooling, i.e. the temperature of the phase change during the
charging being higher than that of discharging, can be suppressed by the addition of
nucleating agent. In addition, the improvement of the thermal conductivity can be
done by encapsulation or by the addition of better thermal conducting material into
the PCMs. However, if we solve each of these aspects separately by adding other
substances, the PCM content in the composite will be reduced so much that we will
only get a small amount of stored heat. For selected salt hydrates, nucleating agents
were tested to suppress supercooling but also to increase thermal conductivity. At the
same time, attention is also paid to phase separation. The effects of individual added
substances on the total amount of accumulated heat and on the stability of these
composites for long-term use are discussed in detail.
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The lack of fossil fuels and their negative impact on the environment has led to the
search of alternative options in recent years. One of such options is the use of solar
energy to generate heat. There are mainly two types of thermal energy storage (TES)
systems, sensible storage systems and latent storage systems. Over the past decades,
substances able to store heat in the phase change have been extensively studied.
These substances are called phase change materials (PCMs) and their ability to
accumulate heat is significantly higher than that of substances utilising sensible heat.
Thanks to their feature accept or deliver heat at a constant temperature they have
found application in many applications.

Extensive research has been carried out in the identification of various PCMs in a wide
range of phase transition temperature and heat of fusion. The most important group
of PCMs are inorganic salt hydrates due to their latent heat of fusion (86-328 klJ/kg),
higher thermal conductivity and lower price compared to paraffins. Among their
disadvantages belongs incongruent melting of the most hydrates and significant
supercooling and corrosive effects on the metallic components of the storage device.
To apply these materials in the latent heat storage systems, it is necessary to know
their corrosion effect on the construction materials.

In this work, corrosion behaviour of selected metals used in heat exchangers (stainless
steel, carbon steel, aluminium) was studied in assumed PCMs. Corrosion sensitivity of
selected metals was assessed through electrochemical measurements and gravimetric
analysis.

This research has been supported by the Ministry of Education, Science, Research and
Sport of the Slovak Republic under the project VEGA 1/0747/21.
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Uvod

Elektrochemicka impedancna spektroskopia (EIS) je metdda uZito€na pri monitorovani
korozie a ochrany pred kordziou. Pri vhodne zvolenom rozsahu pouZitych meracich
frekvencii sa povazuje za nedestruktivnu techniku, ktora napomaha v utvoreni obrazu
o kordznej odolnosti Studovanych povlakov. Jednym ztypov povlakov, ktoré sa
pouzivaju na ochranu Zeleznych predmetov pred kordziou su konverzné povlaky na
baze prirodného taninu. Vysledna tanatova vrstva na povrchu predmetu — tanat
Zelezity neposkytuje dostato¢nu odolnost voci korézii v prostrediach s vysSou
vlhkostou. Modifikovana tanatova vrstva s hydrotalkitom ma prispiet ku zvySeniu
koréznej odolnosti.

Metodika

Tanatovy konverzny povlak sa nanasal technikou ponoru. Po predupravnych
operaciach sa povlak aplikoval v dvoch vrstvach. Pripravené vzorky sa charakterizovali
pomocou EDX, SEM a EIS technik. Elektrochemické charakteristiky sa ziskali v ASTM
elektrolyte po stabilizacii OCP po dobu 40 min s trojelektrodovym zapojenim: nasytena
kalomelové elektréda — RE; grafitovd elektréda — CE a vzorka s rozmermi 1x1em? — WE
[ ASTM D1384-87 solution]. Po ustaleni OCP sa EIS sa meria ako striedava zlozka
prudovej odozvy vo¢i OCP pri amplitide 20 mV s rozsahom frekvencii 102 — 10° Hz.
Vysledky

Porovnanim Nyquistovych a Bodeho diagramov je pozorovany posun kriviek
spésobeny modifikaciou tanatového povlaku. Na zaklade fitovania jednotlivych kriviek
je zhodnoteny vplyv ucinku hydrotalkitov na kvalitu modifikovaného tanatového
povlaku.

Zaver

Na zaklade merani sa zistilo, Ze modifikovany tandtovy povlak prispieva ku zmene
elektrochemickych charakteristik v sledovanom elektrolyte nez Cisty tanatovy povlak.
EIS je tak vhodnou elektrochemickou technikou na charakterizaciu modifikovanych
tanatovych povlakov.

Tdto prdca vznikla vdaka podpore MSVWVasS SR v rdmci projektu VEGA 1/0747/21.
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Possibility of underground hydrogen storage in the Czech Republic

Mali§ J.1, Paga¢ M.}, Karia S., Sasin M.},
IMND a.s., Hodonin, Czech Republic

Development of hydrogen technologies is strongly depend on the accessibility of
sources of hydrogen the Czech Republic. Sources for production of green hydrogen are
strongly limited. Solar energy is available only for limited part of day. Potential of wind
energy is limited by inland character od republic without high mountains and with
many limitations like natural parks, bird protective areas, human settlements and etc.
Potential of renewable sources, which are necessary for green hydrogen production is
insufficient for basic supply of electric energy for most of the year. Green hydrogen
will have to be imported from areas with better conditions for renewable sources.
Three areas are potential available for Czech Republic. North sea and west of Ukraine
with wind farms. North Africa with solar plants. Hydrogen from these areas will be
transported into central Europe by exist or new pipelines. The pipelines form a dense
network with many parallel lines. Line with possibility of store transported medium is
preferred. Storing is important for balancing consumption differences between
summer and winter. Overproduction of renewable sources is limited into few months
in year and this energy have to be stored for more than three months for winter time.
If we want store this energy overproduction into hydrogen, we need storage for
hydrogen. Capacity of classical gas tanks is insufficient. This is reason, why we need to
build new underground hydrogen storage or convert exist underground storage for
nature gas to hydrogen. Storing of hydrogen has some specific problems compared to
storage of natural gas. Without solving these problems will be import of green
hydrogen into Czech Republic impossible. It will be problematique for many industries
like ammonia production, food processing, metal production, glass production and etc.
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Modelling of Hydrogen Production for Hydrogen Mobility: A Comparison of
Renewable Sources of Energy

K. Denk, M. Paidar, J. Hnat, K. Bouzek

University of Chemistry and Technology, Prague, Department of Inorganic
Technology, Prague, Czech Republic

Hydrogen can be used in a large variety of technologies including various types of
industry. Currently, hydrogen mobility is gaining attention. In hydrogen mobility, the
hydrogen is consumed in hydrogen fuel cells resulting in electrical energy and pure
water. To achieve zero-emission hydrogen mobility, the hydrogen must be produced
without CO2 emissions — from renewable sources of energy by water electrolysis.

Renewable sources of energy (RSE) produce electricity in an unstable and (mostly)
unpredictable manner. Therefore, mathematical modelling must be used to calculate
the hydrogen production. A mathematical model was created, which can, from the
known data of RSE power output, estimate the amount of hydrogen produced.

This model can be used to assess the viability of different RSEs and their combinations
as the power supply of the water electrolyser. The intended use is to find an optimal
size of an electrolyser to a given unstable power-source capacity to achieve highest
hydrogen production with low investment. Furthermore, the production data can be
used to assess a need for hydrogen storage, as a stable hydrogen supply needs to be
maintained. The results from the model involve run-time statistics and also CAPEX
estimates. The CAPEX estimates together with the predicted hydrogen production can
be used to assess the return on investment.

Tools such as the presented model are crucial in the strategic planning of hydrogen
based public transport.

This project is financed by the Technology Agency of the Czech Republic under grant

TO01000324, in the frame of the KAPPA programme, with funding from EEA Grants
and Norway Grants.
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Influence of the Preparation Method on Performance of NiFe Layered Double
Hydroxides for Oxygen Evolution in an Alkaline Environment

M. Plevova?, J. Hnat!, K. Bouzek!
1University of Chemistry and Technology, Prague, Czech Republic

Hydrogen is considered a promising alternative to unsustainable fossil fuels as it has
great potential as an energy carrier. One of the reasons is that hydrogen can be
produced from water by electrolysis using renewable energy. Among electrolysis
technologies, alkaline water electrolysis (AWE) offers low-cost characteristics because
it uses non-precious catalysts and inexpensive construction materials. However,
sluggish kinetic of oxygen evolution reaction (OER) represents a limitation of the AWE.
Therefore, the development of a stable, inexpensive electrocatalyst with high activity
to OER is still highly demanded.

Many non-precious metal-based catalysts show low overpotential towards OER, and
thus attract tremendous research interest. A wide range of OER catalysts based on Mn,
Fe, Co or Ni metals have been reported. These catalysts are prepared in various forms,
for example, oxides, (oxy)hydroxides, phosphides, nitrides, or selenides. Among these,
NiFe layered double hydroxides (LDHs) showed lowest overpotential for OER.

The aim of this work is to prepare NiFe LDHs catalyst by different methods and, based
on the performance of the catalysts, choose the most appropriate method. In the next
step the preparation method will be optimised, and the influence of intensified
process on the properties of the catalyst verified.

Solvothermal, electrodeposition and precipitation methods will be used. The catalysts
will be characterized using linear sweep voltammetry on rotating disc electrode, XRD
and SEM-EDS. Electrochemical impedance spectroscopy will be used to measure
catalyst powder conductivity.

The results indicate that the properties of the catalyst, especially the electric
conductivity depend on the preparation method as well as on the concentration of the
salts in the deposition solution.

Acknowledgment

Financial support of this research by the Technological Agency of the Czech Republic
under the project No TK02030103 “Research and development of a reversible alkaline
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Air Purification System for Fuel Cell Power Generators
Paidar M., Roubal J., Vejvoda V, Bouzek K.
University of Chemistry and Technology, Prague, Prague, Czech Republic

Intensive development of fuel cells in recent years has brought this technology to real
applications such as cars, stationary power units, and backup devices. Despite several
benefits of fuel cell technology, the quality of input gases requires precise pre-
treatment. While the quality of hydrogen is guaranteed by its production process, the
air is drawn from the open atmosphere. Air contaminants, including dust and
raindrops, must be filtered out from the air feed into the fuel cell stack. Larger
mechanical contamination is separated by a cyclone. Finer dust and pollen are
captured by a fine HEPA filter. Periodic filter cleaning is necessary to keep the HEPA
filter efficient. Whereas backflow is used in stationary applications, vibrations provide
cleaning effect in mobile applications. Since mechanical filters were originally designed
for combustion engines, their flow rates range is currently not optimised for fuel cell
applications. Nevertheless, despite lower flows than designed, mechanical cyclone-
based separators from automotive applications fulfil the requirements for fuel cells.
A critical aspect of air filtration is the elimination of chemical contamination. It is
caused by external factors such as industrial activities, intensive traffic etc. A special
filter layer based on activated carbon is used to capture corresponding pollutants such
as organic vapours, ammonia, or sulphur compounds. The efficiency of air filtration
has been studied alongside the influence of impurities on the function of PEM fuel
cells.

A sorption filter is capable of eliminating peak contamination and thus preventing the
poisoning of the fuel cell. Low concentrations of organic or ammonia contaminants do
not lead to a visible decrease in fuel cell performance. The critical parameter for
chemical filter application is, however, its sorption capacity. Therefore, the
determination of filter lifetime is crucial for the proper functioning of fuel cell systems.
This work was supported by the Technology Agency of the Czech Republic under
project no. TK050200013.
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Fuel Cell’s Metallic Bipolar Plates — Advantages and Challenges
Hala M., Prokop M., Kodym R., Bouzek K.

Department of Inorganic Technology, University of Chemistry and Technology,
Prague, Czech Republic

Nowadays, an increasing pressure on the transition from traditional fossil fuels-based
energy sources to the more efficient and less polluting alternatives calls for changing
established approaches. In this particular contribution, we will focus on the proton
exchange membrane fuel cells (PEM FCs) as an alternative energy source fulfilling the
above requirements. Heavy weight and low production capacity of the fuel cells stacks
are some of the obstacles deteriorating broad spreading of this technology. One of the
reasons for this are that bipolar plates. They represent most bulky component of the
fuel cells stack and at the same time contribute most significantly to the total weight
of the unit. Utilization of metallic bipolar plates offers a solution to this problem,
together with improved electric and heat conductivity in comparison with other
composite or carbon-based materials. Mechanical properties of the metals allow to
use very thin foils (typically 0.1 mm) with suitable profiling as a basic material for the
bipolar plate production. Mechanical properties also affect the methods of metallic
bipolar plates production. As typical production methods examples, embossing or
hydroforming may be mentioned here. These represent well-established, high
production capacity industrial technologies.

The above approach, however, brings about some issues. The first one is the danger
of the MEA poisoning by the bipolar plate corrosion products. The second one is
connected to the shape of the reactant distribution channels originating from the
method of their production and mechanical properties of the metal sheet.

First of the above-mentioned issues is currently solved by a costly surface treatment.
The current study is addressing an alternative approach utilizing a polymeric film filled
with aligned electrically conductive particles. The issue of the distribution channels
geometry is solved by means of the mathematical modelling allowing for a targeted
parametric study.

The aim of this contribution is to present the results achieved in the direction of an
alternative treatment of the metallic bipolar plates and of a deeper understanding of
the flow field geometry on the mass and charge transport limitations in an operating
PEM FC.

The CORE project Nr. TO01000306 benefits from Norway and Technology Agency of
the Czech Republic Grant within the KAPPA Programme.
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Composite membranes for CO: separation based on PIM-1

H. Schwarzovd?!, D. Quémener?, M. Bernauer?, K. lablochkin?, V. Fila!

1 University of Chemistry and Technology Prague, Technicka 5, 16628 Prague 6, Czech
Republic (filav@vscht.cz)

2 Institut Européen des Membranes (IEM) Université de Montpellier, 2 Place Eugéne
Bataillon, 34095 Montpellier cedex 5, France

Membrane gas separation presents an alternative technology to the traditional gas
separation processes. Polymers of intrinsic microporosity (PIMs) exhibit high CO2
permeability and moderate CO2/CHs selectivity. The main disadvantage of PIM-1 is its
relatively high price. The preparation of PIM-1-based composite membranes presents
an opportunity to reduce the amount of PIM-1 used per unit area of the membrane
and improve the gas separation performance.

The different approaches reducing the PIM-1 amount per unit membrane area have
been tested in this work. The novel i) blended dense PIM-1/Matrimid®5128 and PIM-
1/6FDA-DAM:DABA (3:1) membranes, and ii) thin-film composite membranes
composed of cross-linked Matrimid®5128 or Ultem®1000 porous support and PIM-1
layer were synthetized. The gas separation performance and stability of prepared
membranes were evaluated at several feed pressures using binary CO2/CHs 1:1 feed
mixture. Moreover, the FTIR, SEM, TGA and DSC methods have been used for
membrane characterization.

The addition of PIM-1 in 6FDA-DAM:DABA (3:1) provides outstanding CO2/CHa4
separation results. The introduction of low PIM-1 loadings brings an important
increase of mixed-gas permeability without losing the separation factor. The
performance of these membranes surpasses the Robeson limit and introduce a
perspective material for application in biogas purification.
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Effect of lime source on crystallisation of anorthite in ceramic production
P. Dvotakoval, A. Klouzkova!, M. Kolafova?, Z. Bednaroval

1University of Chemistry and Technology Prague, Faculty of Chemical Technology,
Department of Glass and Ceramics, Technickd 5, 166 28, Prague 6, Czech Republic

Ceramic products with a calcium component are an integral part of construction
materials, especially for interior use. Ceramic tiles provide resistance to moisture,
provide noise regulation, facilitate surface cleaning, etc. Functional and design
requirements, which represent new challenges for ceramic technology, are claimed on
this type of ceramic product. Complying with the current trend of large-format tiles
with dimensions that can reach up to 1.5 x 3 m in extreme cases is quite challenging.
It is necessary to ensure that the ceramic body is not deformed and that the
dimensional tolerance established by the standard, which varies between 0.5 and 2%,
is maintained. For these reasons, the work was focused on the Al.03-5i02-Ca0O ceramic
system, which represents a promising way to maintain dimensional standards in the
case of an optimal design of the ceramic body.

Anorthite is the main crystalline phase formed during firing, which provides the
dimensional stability of the products. Deformation of large products due to the delay
in shrinkage in the temperature range of 950-1100 °C could be prevented by a well-
designed ceramic body with an optimal part of anorthite. Considering that the
temperature profile of the firing in industrial kiln changes relatively quickly in the area
of maximum temperatures, this delay is very significant. For this reason, the work is
focused on the study of the influence of different sources of lime on the crystallisation
of anorthite. The effects of raw materials and firing conditions on the formation of the
anorthite (CaAl:Si20sg) phase were investigated using differential thermal analysis
(DTA) — thermogravimetry (TG) and powder X-ray diffraction (XRD).
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Study of the Conversion Reaction of Sodium Perchlorate and Ammonium Chloride
M. Lhotka?, L. Mastny?, D. Mauci!

1 Department of Inorganic Technology, Faculty of Chemical Technology, University of
Chemistry and Technology, Prague, Technickd 5, 166 28, Prague 6, Czech Republic

2 Department of Inorganic Chemistry, Faculty of Chemical Technology, University of
Chemistry and Technology, Prague, Technickd 5, 166 28, Prague 6, Czech Republic

Chloristan amonny je v soucasnosti velice Zzadanym produktem, pouZiva se zejména
jako hlavni slozka pevnych raketovych paliv. Pro pripravu cistého chloristanu
amonného je zasadni reakce chlore¢nanu sodného s chloridem amonnym (nebo
kyselinou chlorovodikovou a amoniakem) za vzniku produktl a to chloridu sodného a
chloristanu amonného. VSe probihd ve vodném prostfedi a pro co nejdokonalejsi
oddéleni produktdl je nutna znalost rozpustnosti smési chloridu sodného, chloristanu
amonného a vody. Rozpustnosti Cistych sloZzek (NaCl a NH4ClO4) ve vodé jsou znamy a
tabelovany. Problém nastava u smési chloridu sodného, chloristanu amonného a vody,
protoZze mize dochazet k ovlivnéni rozpustnosti jedné slozky slozkou druhou. V
literature byl nalezen pouze jeden diagram rozpustnosti této smési, a tento diagram
se neustdle, v rlznych formach, opakuje v literarnich reSersSich. Tento diagram
vzajemné rozpustnosti byl publikovan jiz v roce 1961 v ¢asopise Chemical Engineering
Progress [1]. Pro ovéfeni tohoto diagramu byla provedena série experimentu
rozpustnosti smési chlorid sodny + chloristan amonny + voda. Pfi bliz§im pohledu na
ziskané vysledky je patrné, Ze NH4ClO4 je nejméné rozpustny ze vSech moznych
produktl pfi nizké teploté, tedy se bude vylucovat jako prvni. Ovsem, pokud budou
roztoky pfrilis koncentrované, zacne krystalizovat i NaCl. Pro maximalni vytéZzek
chloristanu amonného je tedy nutné mit koncentraci (rozpustnost) NaCl tésné pod

Literatura:
[1] Chemical Engineering Progress (Vol. 57, No. 11, page 138 (Nov. 1961)).
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Efektivna priprava Zelezanu elektrolyzou
R. Stevulova, K. Kerekes, J. Hive

Fakulta chemickej a potravindrskej technoldgie STU v Bratislave, Oddelenie
anorganickej technoldgie, Radlinského 9, 812 37 Bratislava, Slovenskd republika

Uvod

Zelezany su zlGéeniny Zeleza s kyslikom v oxidaénom stupni +VI. Ide o takzvané
,zelené” oxidanty, ktoré st vhodné na docistovanie odpadovych vod. V odpadovych
vodach sa nachddzaju roézne Skodlivé latky, ktoré Zelezany vedia zoxidovat. Su to
napriklad antibiotika, zvysky liekov alebo hormadny. Z hladiska ekonomiky sa Zelezany
radia k drahsej chemikalii, ale jej cenu vyvazuje jej velkd Ucinnost a Sirokospektralne
vyuZitie. Problémom méze byt aj ich stabilita, ktord Gzko suvisi s Cistotou produktu,
ktory vieme pripravit vtuhom stave. V nasom vyskume sa zaoberdme
elektrochemickou vyrobou Zelezanu draselného a optimalizaciou celého vyrobného
procesu. Cielom bolo preskimat ako vplyvaju rézne parametre na uGcinnost tvorby
Zelezanov, konkrétne sme sa venovali vplyvu teploty a prddovej hustoty na zliatiny
s r6znym zloZenim.

Metodika

V prvom kroku sme si pripravili zliatiny Zeleza s primesou legujicich prvkov. Vyrobili
sme ich tavbou vindukénej peci a naslednym odliatim do valcovych foriem. Ako
legujtice prvky sme pouZili kremik a hlinik. Dal$im krokom bola elektrolyza v roztoku
hydroxidu sodného. Doba elektrolyzy bola 10 hodin a kazdu hodinu sme odoberali
vzorku anolytu a analyzovali sme obsah Zelezanu spektrofotometricky pri vinovej dizke
500 nm. Experimenty sme vykondvali pri teplotach 20 a 30 °C a prudovych hustotach
40 a 80 mA cm™.

Vysledky

Ziskané vysledky preukazali, Ze pri nizsej teplote je prudova ucinnost nizsia, lebo anéda
nie je dostatoCne aktivovand na tvorbu Zelezanov. Pri vy$Sej prudovej hustote sa
maximalna koncentracia Zelezanov dosiahne skor, ale pradova Géinnost je nizsia, ¢o je
nevyhodné pre vyrobu.

94



Zaver

Je ZiadlUce pracovat pri podmienkach, ktoré vedu k najlepsej efektivite vyroby
Zelezanov, a preto sa snazime optimalizovat cely proces vyroby, ktory zahffia aj Upravu
réznych parametrov ovplyviiujucich vyrobu Zelezanov. Z tohto experimentu vyplyva,
Ze najvyhodnejSie podmienky pre zliatinu, pri ktorej dosahujeme vo vsSeobecnosti
najlepsie vysledky su: pracovna teplota 30 °C a pridova hustota 40 mA cm™2.

Podakovanie

Tdto prdca vznikla s podporou grantovych schém MSVWaM SR prostrednictvom
projektu VEGA 1/0436/23.
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Glatt Ingenieurtechnik GmbH — From your product idea to industrial production
Buchheim J., Vockenberg T.!

1Glatt Ingenieurtechnik GmbH, Weimar, Germany

Glatt Ingenieurtechnik GmbH — From your product idea to industrial production

As the world's leading expert in fluidized and spouted bed technology, GIT offers particle
design and plant manufacturing from a single source. For functional powders, granules
and pellets in food, feed and fine chemicals, our technology center is available to
customers for their product and process development with reactor systems of various
sizes. In addition to standard drying, agglomeration, functionalization or coating
processes, reactions can also be carried out with solvent-based formulations under inert
gas.

Based on many years of expertise in the field of process engineering and plant technology,
we also manufacture customized fluidized bed reactors for special applications and even
CVD processes in fluidized beds. There are no limits to the applied temperature range up
to 900°C. Reactive gases can also be considered here.

From 50 nm to 50 um: drying, coating and calcination in just one process step: Produce
powder materials with new, previously unattained properties in the pulsating hot gas
stream of the patented Glatt powder synthesis. Thanks to the particularly homogeneous
thermal treatment up to 1.300 °C, ultra-fine powders produced this way are free of
hotspots, easily dispersible and free of undesirable hard aggregates. Benefit from very high
heat and mass transfer rates in the reactor and from the ability to specifically determine
the layer thickness, porosity and activity profiles of your powder particles. You have full
flexibility to adjust the chemical composition of your powders, achieve extremely good
homogeneity and a narrow particle size distribution. The continuous process is easily
scalable to industrial applications.

The contribution reflects the technological expertise of Glatt Ingenieurtechnik GmbH. Our
powder synthesis will be highlighted in an oral presentation using selected examples.
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DEVELOPMENT OF AN AUTOMATED MOLTEN SALT REGENERATION SYSTEM FOR
CARBON NANOMATERIALS AND GRAPHITE SYNTHESIS

R. Feketel, M. Juriga?, P. Peciar?, M. Peciar!, M. Peciarova?, L. Esteves?, L. F. Cabeza Fabra3,
H. Less* S. Trofimov?*

Slovak University of Technology in Bratislava, Faculty of Mechanical Engineering, Institute
of Process Engineering, Bratislava, Slovakia

2Inegi, Porto, Portugal

3Universitat de Lleida, GREIA Research Group, Lleida, Spain

4UP Catalyst, Tallinn, Estonia

This work describes the design, construction, and implementation of an innovative molten
salt regeneration system within the MoReCCU project. The system integrates with the UP
Catalyst carbon nanomaterials and graphite synthesis reactors. The automated
regeneration process removes solid products and impurities from the electrolyte mixture,
enabling the sustainable production of high-quality carbon. Molten salt regeneration
offers an environmentally friendly alternative to salt mining, while simultaneously
enhancing crucial production factors like energy efficiency.

Acknowledgments:

This publication was created on the basis of the project Molten salt regeneration for carbon
capture and utilization (MoReCCU, id: 23249) supported by EIT Manufacturing. The authors
wish to acknowledge the Ministry of Education, Research, Development and Youth of the
Slovak Republic by grant KEGA 003STU-4/2023.
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Improved visual analysis of patterns forming on the bottom of a mixed tank when
reaching suspension in a solid-liquid system by experiment and lattice Boltzmann
simulation

Ing. F. Randak, Prof. Ing. Tomas Jirout, Ph.D.
Czech Technical University in Prague, Department of Process Engineering

Mixing of solid-liquid systems is a common process in chemical engineering. Main effort is
to reach full suspension of particles for optimal process conditions with the lowest possible
mixing speed. A simple way to analyse reaching suspension is to measure the growing size
of the ring that’s being washed out in the bottom unsuspended particle layer of a
transparent tank as mixing speed increases. A flat-bottomed transparent tank with
D = 0.3 m and four baffles was filled with water and spherical glass particles of
d, = 484 um to various concentrations, mixed by 6-blade PBT with d = 0.1 m. For each
measured mixing speed below suspension, 30 images of the tank bottom patterns were
taken in one minute. The images were then time-averaged and relevant shape boundaries
were extracted in MATLAB. It was found that these boundaries are best fitted not with
Euclidean circles, but with p-norm unit circles r? = x? + y?;p € (1;), sometimes
called Lamé curves. The experiment is then reproduced as lattice Boltzmann simulation in
M-Star for comparison. For each case, the washed-out ring was assigned mean inner and
outer radii as well as p values describing its ‘rectangularity’ bestowed upon the otherwise
axially symmetric system by the four orthogonally arranged baffles. p is therefore
definitely a function of baffle width, but probably is influenced by more factors. For this
setup, it kept in the interval (2; 3). The offset of the ring centre is also computed, allowing
to quantify eccentricities in the tank (e.g. off-centre mixer). A relatively close match was
found between numerical and experimental approach. Introduction of p-norm might serve
to deepen the theoretical understanding of similar mixing cases. On enclosed image, new
MATLAB image analysis tool is demonstrated on results of an M-Star simulation. This
research is financially supported from SGS23/160/0HK2/3T/12.
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Glatt Ingenieurtechnik GmbH — From your product idea to industrial production
Vockenberg T.}, Buchheim J.1

1Glatt Ingenieurtechnik GmbH, Weimar, Germany

Glatt Ingenieurtechnik GmbH — From your product idea to industrial production

As the world's leading expert in fluidized and spouted bed technology, GIT offers particle
design and plant manufacturing from a single source. For functional powders, granules
and pellets in food, feed and fine chemicals, our technology center is available to
customers for their product and process development with reactor systems of various
sizes. In addition to standard drying, agglomeration, functionalization or coating
processes, reactions can also be carried out with solvent-based formulations under inert
gas.

Based on many years of expertise in the field of process engineering and plant technology,
we also manufacture customized fluidized bed reactors for special applications and even
CVD processes in fluidized beds. There are no limits to the applied temperature range up
to 900°C. Reactive gases can also be considered here.

From 50 nm to 50 um: drying, coating and calcination in just one process step: Produce
powder materials with new, previously unattained properties in the pulsating hot gas
stream of the patented Glatt powder synthesis. Thanks to the particularly homogeneous
thermal treatment up to 1.300 °C, ultra-fine powders produced this way are free of
hotspots, easily dispersible and free of undesirable hard aggregates. Benefit from very high
heat and mass transfer rates in the reactor and from the ability to specifically determine
the layer thickness, porosity and activity profiles of your powder particles. You have full
flexibility to adjust the chemical composition of your powders, achieve extremely good
homogeneity and a narrow particle size distribution. The continuous process is easily
scalable to industrial applications.

The contributions reflect the technological expertise of Glatt Ingenieurtechnik GmbH.
Potential applications will be illustrated on a poster using selected examples.
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INNOVATIVE REMOVAL OF HALOGENATED ORGANIC ACIDS FROM POLLUTED WATER
IN A SPIRIT OF CIRCULAR ECONOMY

Kamenicka B., Weidlich T.
University of Pardubice, Department of Environmental and Chemical Engineering,
Pardubice, Czech Republic

The development of industry is associated with increasing of the presence of problematic
pollutants in natural water as well as wastewater. Such pollutants include, for example,
halogenated organic derivatives (also known as Adsorbable Organically Bound Halogens -
AOX), which are widely applied as dyes and pigments, drugs, pesticides, etc. These
compounds are persistent, bio-accumulative, and generally show a low degree of
biodegradability. Technological processes devoted to the limitation of AOX emissions into
the environment focus on the possibilities of economic and ecological remove of these
substances from contaminated waste aqueous streams. Among many technologies,
adsorption on active carbon as essential separation process is commonly applied.
However, alternative carbonaceous adsorbents such as biochar can be also utilized. After
saturation of adsorbent, depleted active carbon or biochar has to be combusted in
hazardous waste incinerators or recovered via pyrolysis. Thus, the thermal desorption can
generate the regenerated adsorbent, but also aqueous solution of concentrated
contaminants which can be eliminated using incineration or chemical degradation. This
contribution presents innovative possibilities of the separation of AOX compounds using
alternative sorbents and the subsequent reductive degradation of organic halogen
derivatives in the spirit of the circular economy, see figure bellow.
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Recycling of spent dye baths used for cotton dyeing with reactive dyes
I. Vojtova®?, T. Weidlich?

1Plegs s.r.o., Havli¢kiiv Brod, Czech Republic
2 University of Pardubice, Faculty of Chemical Technology, Institute of Environmental and
Chemical Engineering, Pardubice, Czech Republic

In textile production is water used for removing impurities, dyeing process, applying
finishing agents or for steam production and as a result, textile production is responsible
for up to 20 % of global water pollution. AlImost complete input volume of used water is
discharged as wastewater stream. This wastewater usually contains significant
concentration of soluble organic compounds (represented as a high value of COD and
BOD), a higher total amount of dissolved inorganic salts, high pH value and it is usually
highly colored. Due to these mentioned reasons the effective wastewater treatment and
recycling can play a significant role in reducing discharge of pollution and providing
reusable process water.

For a required migration of the dye to the fibre, it is necessary to use a sodium
chloride solution. Almost total amount of added sodium chloride remains in the
wastewater, therefore the ideal solution is to use this already salty water for further
dyeing. To maintain quality, it is necessary to decolorize this wastewater and remove other
unwanted substances. The ionic liquid Aliquat 336 is used for this purpose, which is
suitable due to its physical properties. Decolorization of wastewater is carried out by
precipitation using an ionic liquid and activated carbon with previous pH adjustment using
a flocculant. The resulting precipitate is separated by sedimentation and filtration.
Decolorized water with a certain amount of sodium chloride is obtained in this way. After
addition of appropriate quantity of NaCl to the required salinity, the decolorized brine is
reusable for subsequent dyeing.

Recycling of wastewater after dyeing cellulose fibres using an ionic liquid has
proven to be a very convenient and relatively fast method. From an economic point of
view, at this moment it is necessary to pay attention to the ratio between the amount of
ionic liquid, quantity of added coagulant and quantity of applied activated carbon.
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SPREADING, FORMATION AND CAPTURE OF AEROSOL PARTICLES: THE CASE OF
CovID-19

Kosek J.

University of Chemistry and Technology Prague, Prague, Czech Republic

From 2020 up to 2022 the Covid-19 pandemics was a major disruptor of daily activities on
the level of individuals and entire society. The statistics for Covid-19 pandemic outcomes
in Czech Republic are not favorable when compared to countries emphasizing somewhat

different approaches in personal protection.

In this contribution, basic physical mechanisms of aerosol particles spreading, formation
and capture in fibrous filters (respirators) and in human airways (upper, middle and
alveolar) is briefly explained in the framework of chemical engineering, nanotechnology,

physical chemistry and computer-aided analysis.

As a conclusion, the explanation why the national 3R strategy for Covid-19 protection had
a limited effectiveness is discussed based on first principles. The subjects of the analysis
are individuals and common scenarios from everyday life, such as outdoor activities,
staying in rooms and public transport. Material presented in this contribution was taught
to students since April 2020.
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GUANIDINE POLYMERS AS NITRIFICATION INHIBITORS FOR GRANULAR NITROGEN
FERTILIZERS

Majernikova J., Kucera M., Tokar Z., Foltinovic¢ T.
VUCHT a.s., Bratislava, Slovakia

One of the most important elements in plant nutrition is nitrogen (N). Its content in the
soil can change in a short time, which can significantly affect the harvest of farming
products. Losses of nitrogen through leaching or gaseous emissions reduce the efficiency
of fertilization. The N content depends on several factors, such as type of soil, climatic
conditions or the sort of used nitrogen fertilizer. One of the alternatives to reduce and
limit N losses is using nitrification inhibitors, which slow down or delay the oxidation of
ammonia N (NH4*) to nitrate N (NO3™) L.

The application of guanidine polymers as inhibitors of the nitrification process was not
known until now. These polymers are used exclusively as biocides?. In the laboratories of
VUCHT a.s. the properties of guanidine polymers as nitrification inhibitors of nitrogen
fertilizers were studied and tested. Polymers of guanidine hydrochloride with diamine
compounds were prepared, which were applied in the form of an aqueous solution on the
surface of granules of nitrogenous fertilizer, or added directly to the slurry of the fertilizer
before the formation of granules. A copolymer of guanidine hydrochloride polymer with
1,2 diaminopropane and e-caprolactone as a nitrification inhibitor was also prepared and
applied to granular nitrogen fertilizers®*,

The nitrification inhibitory effects of granular fertilizers with the addition of guanidine
polymers or copolymers were determined in soil pot tests as well as in small-plot field
experiments on the agricultural crops such winter wheat, winter rapeseed and seed corn.

By using the mentioned nitrification inhibitors, a significant reduction of nitrogen losses in
granular nitrogen fertilizers has been achieved.
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MANAZMENT BIOKALU NA MCHBCOV SLOVNAFT A.S.
J. Senkar, R. Pastorek, I. Ivan&inova, J. Cervenski
SLOVNAFT, a.s., Bratislava, Slovenskd republika

Uvod

Mechanicko-chemicko-biologicka Cistarefi odpadovych vod v rafinérko-petrochemickom
zavode SLOVNAFT, a.s. v Bratislave je v prevadzke od roku 1984. V ostatnych rokoch sme
sa zamerali na zlepSovanie riadenia procesu. Predchadzajuce realizacie technickych
opatreni, medzi ktoré patri komplexna rekonstrukcia spalovne kalov a rekonstrukcia
aeracného systému na biologickom stupni umoznili aj zlepSovanie riadenia procesov.

V predchadzajucom kroku sme sa venovali optimalizacii riadenia chemikého stupna, tu
popiSeme zlepSovanie riadenia biologického stupna Cistenia odpadovych vod.

Metodika

Projekt procesného zlepSovania bol riadeny metdédami six sigma, s vuzitim technik a
nastrojov Statistického spracovania udajov, riadenie zmien a overovanie prevadzovymi
pokusmi.

Pociato¢nou fazou bola identifikdcia a overenie meracieho systému. Nasledne boli
analyzované a v troch krokoch riadené zmeny procesnych parametrov.

Prvy prevadzkovy pokus bol zamerany na stabilizaciu rezimu a zniZenie variability procesu.
Cielom druhého testu bolo nastavenie reZzimu na minimalny obsah rozpusteného kyslika v
systéme pri konvenénom rezime. V tretom kroku sme overovali moznost vyuZitia
inovativnej metddy simultannej nitrifikacie a denitrifikacie. V kazdom rezime sme
vyhodnocovali kvalitu, stabilitu technologického procesu a energetickd naroénost

,
Vysledky
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Zavér
Optimalizaciou priadenia procesu bol UspeSne stabilizovany technologicky rezim, pri
dodrzani kvality vycCistenych véd bolo dosiahnuté znizZenie energetickej narocnosti.
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METHYLMERCURY EFFECTS AND ACCUMULATION IN TWO EXTREMOPHILE
MICROALGAE STRAINS COCCOMYXA ONUBENSIS AND DUNALIELLA SALINA LOCALTO
ANDALUSIA (SPAIN)

Simansky S.%2, Holub J.2, Obracaj J. 2, Marova |.2, Garbayo .}, Torronteras R.3, Vilchez C.},
Gojkovic 2.1

1 Algal Biotechnology Group, Centro de Investigacion y Desarrollo de Recursos y Tecnologias Agroalimentarias (CIDERTA), University of
Huelva, 21007 Huelva, Spain
2 Faculty of Chemistry, Brno University of Technology, Purkynova 118, 61200 Brno, Czech Republic

3 Department of Environmental Biology and Public Health, Experimental Science Faculty, University of Huelva, 21007 Huelva, Spain

The primary entry point for highly toxic organic forms of mercury, such as methyl-mercury
(MeHg) into aquatic food webs is through phytoplankton, predominantly composed by
various microalgal species. Understanding the processes of MeHg intake by microalgae,
the effects on population size, cell toxicity, bioaccumulation and eventual
biotransformation is of greatest importance for human health, since through process of
biomagnification this Hg eventually ends up in aquatic wildlife, fish, seafood and
eventually human diet. This study was conducted on two extremophile microalgae strains
local to southern Spain Coccomyxa onnubense (acidophile freshwater alga) and Dunaliella
salina (halophile seawater alga). The exposure experiments were conducted in laboratory
scale. The effects of three different concentrations of MeHg were tested during 72 h
cultivation. The results are supported by photos from transmission electron microscopy
(TEM) and the determination of superoxide dismutase (SOD) enzyme activity.

109



CHARACTERIZATION OF STRUCTURALLY DIFFERENT BORON-DOPED DIAMOND
ELECTRODES

Kuchtova G.

University of Pardubice, Faculty of Chemical Technology, Studentskd 95, Pardubice 532
10, Czech Republic

The efficiency of boron-doped diamond electrodes (BDDE) in wastewater treatment is
influenced by boron content, sp3 carbon content, total surface area, surface morphology,
etc. In addition to the rate of pollutant removal, surface characteristics can also affect the
rate of formation and composition of degradation by-products. Electrode characterization
can be approached by both direct surface analysis and qualitative and quantitative analysis
of the reactants formed.

Microscopic techniques such as scanning electron microscopy (SEM) or digital holographic
microscopy (DHM) are used to analyse the surface of BDDE. Raman or infrared
spectroscopy is also frequently encountered, as well as electrochemical methods such as
cyclic voltammetry (CV).

Quenching is commonly used to determine the amount and type of reagents formed on
the surface of BDDE, including oxidative ones, but also electron paramagnetic resonance
or methods monitoring the change in absorbance in the UV-VIS spectrum or the formation
of fluorescence radiation after the reaction of a reagent with a specific organic substance.
Therefore, a combination of methods describing both the electrode surface and the
formation of oxidizing agents was used to characterize the newly developed electrodes.

This work was supported by project VA390013.
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TREATMENT OF PHENOLIC INDUSTRIAL WASTE WATER BY CATALYTIC WET AIR
OXIDATION USING A CUMNFE MIXED OXIDE CATALYST IN A CONTINUOUS FLOW
REACTOR.

Peroutkova K% 2., Tisler Z1., Krouzek J.?

1 ORLEN UniCRE a.s., Revoluc¢ni 1521/84, 400 01 Usti nad Labem, Czech Republic
2 Department of Enviromental Chemistry, UCT Prague, Technickd 5, 166 28 Prague 6, Czech
Republic

Hydrotalcite-like materials (LDHs) are recognised as excellent materials for catalytic use.
These materials are used in a wide range of applications, including the catalytic wet air
oxidation (CWAO) process for treating wastewater. For the evaluation of CWAO waste
water treatment consisting of phenol, our research tested the double layer hydrotalcite
(LDH) CuMnFe catalyst for its potential application on an industrial scale. The CuMnFe
catalyst was prepared by the co-precipitation method with a molar ratio of 4:1:1. Its
chemical composition (ICP-OES) and textural properties were investigated by XRD and N2-
physisorption before and after the tests. Two evaluation tests were carried out in a quarter
scale continuous flow unit using a 1200 ppm concentration of phenol reference waste
water and a diluted real industrial waste water. The concentration of phenol in the treated
wastewater was analysed by HPLC every 4 hours. The concentration of metals from the
catalyst was also evaluated by ICP-OES. Our tests have shown that the use of CuMnFe as
a catalyst leads to a significant decrease in the concentration of phenol in the final product,
especially with real waste water. Furthermore, this decrease was maintained throughout
the test for 96 hours. For the sake of industrial sustainability, the operating conditions in
this paper are also suggested.
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EXPLORING SUSTAINABLE FUEL SOLUTIONS AND FUEL QUALITY MEASUREMENT
OPTIONS

Seidl J.3, Cerny P.2, Kroj P.2, Scholtz V.t

1Department of Physics and Measurements, Faculty of Chemical Engineering, University
of Chemistry and Technology, Technickd 5, Praha 6, 166 28, Czech Republic
2Porsche Engineering Services, s.r.o., Radlickd 714, Praha 5, 158 00, Czech Republic

From the point of view of environmental quality, the pressure to reduce the pollution
caused by car traffic is increasing. Furthermore, due to dwindling oil reserves and the
closure of oil refineries, the EU has also announced an exemption from the ban on the sale
of new gasoline and diesel vehicles until 2035, which will allow internal combustion engine
vehicles to run exclusively on synthetic fuels — eFuels. It appears that electric cars are not
a complete alternative either, as the European Commission has found that the balance of
pure electric cars (referred to as BEVs) must cover the entire life cycle of the car, including
battery production and operating losses. It is also worth noting that in most European
countries, coal and gas dominate electricity generation. Synthetic fuels are another option
to consider. Some car manufacturers are already beginning to address this situation, such
as Porsche, which has built a plant in Chile to produce synthetic fuels from water, wind,
and COa. Fuel quality assessments include a number of methods and techniques to ensure
optimal performance and environmental sustainability. One of the prevalent methods
involves measuring key parameters such as octane, cetane number, and viscosity,
providing insight into combustion efficiency and engine compatibility. In addition,
chemical analysis techniques, including chromatography and spectroscopy, allow the
identification and quantification of fuel components, which aids in the detection of
contaminants. In addition, various biofuels are being added to fuels, increasing
sustainability efforts. Direct monitoring of the quality of fuels in vehicles appears to be a
promising approach to pollution control, facilitating early interventions to maintain
quality. Furthermore, this paper presents the possibilities to measure the quality of fuels
by changing the electrical properties of fuels in internal combustion engines and offers an
innovative view of quality assessment methodologies.
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DecarbonisationSLOVAK HYDROGEN ECONOMY — CASE STUDY OF ALTERNATIVE FUELS
Kraviarova D., JanoSovsky J., Variny M.

Institute of Chemical and Environmental Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak Republic

The European Union set an ambitious goal in terms of decarbonization. It is the reduction
of emissions by almost 12% by 2030 compared to 2020. Today, the transport sector
produces a quarter of total greenhouse gas emissions. A suitable solution offers the
utilization of hydrogen, which is currently considered as the main driving force of
decarbonization. This work focused on three possible alternative fuels: methanol,
methane, and sustainable aviation fuel, which use hydrogen as an energy carrier. The
study consists of six hydrogen production alternatives that are compared. Three of them
employ are electrolysis, and the other three utilize biogas reforming as a more
environmentally friendly replacement for fossil natural gas. Multi-criteria decision analysis
is used as an evaluation tool with three comparison criteria: economics, environmental
aspect, and maturity of hydrogen production technology. The analysis represents a
feasibility study of the Slovak National Hydrogen Strategy, aiming to use 5 kt of hydrogen
per year for the production of alternative fuels by 2030. Slovakia represents a typical
example of a central and eastern European country with a lack of favourable natural
conditions for replacing fossil energy sources with renewables. The sensitivity analysis in
this work aims to identify an ideal scenario in which countries like Slovakia could compete
with those that have more favourable conditions.

Proton exchange membrane electrolysis and steam biogas reforming prove to be the most
advantageous hydrogen production technologies according to the selected criteria.
Sustainable aviation fuel production is ranked highest among alternative fuels based on
economic factor. Sensitivity analysis indicates that at least an 80 % reduction of electricity
price is required to ensure the competitiveness of Slovakia in the alternative fuels market.
A suitable path involves reducing the cost of electricity, necessitating the technical
development of various renewable energy sources.

This work was supported by the call for doctoral students and young researchers of Slovak
University of Technology in Bratislava to start a research career (Grant 23-04-11-A).
Support by the Slovak Research and Development Agency under contract nos. APVV-18-
0134 and APVV-19-0170 is gratefully acknowledged.
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Optimalizace provoznich parametr( separace CO: ze spalin na zakladé pilotnich testd

0. Horky?, P. Broz!
IMemBrain s.r.o., StrdZ pod Ralskem, CZ

Uvod

Membrénovd separace CO2 umoziuje pomoci technologie s malymi rozméry recyklovat
COa. To dovoluje zavadét cirkulaci CO2 i v mistech, kde to kvili jeho nedostate¢nému
mnozstvi nebylo mozné. Problematika separace COz2 je velmi citlivd na provozni naklady,
zejména na spotfebu a cenu elektrické energie. Navic je nutné Fesit otdzku emisnich
povolenek a tzv. valorizace COa.

Metodika

Pilotni jednotka vyuZivda kseparaci CO: ze spalin membranovy modul obsahujici
membranu s vysokou permeanci CO:2 a selektivitou CO2/Nz. Diky tomu jde rozdélit smés
CO2 a N2 na dva proudy, jeden obsahujici hlavné CO2 a druhy N2. Hnaci silou je rozdil
parcidlnich tlakQ slozek na opacnych strandch membrany. Optimalizaci provoznich
parametr(, jako je vykon dmychadla (nebo kompresoru), vyvévy a chlazeni Ize dosahnout
nizkych nédkladG na separaci CO2. Mezi jeden z hlavnich konceptl se fadi i moZnost
provozovat technologii v reZimu s nizkou koncentraci CO2 na vystupu (kolem 50 %), ktery
je velmi ekonomicky pfiznivy, nebo v reZzimu s vysoce koncentrovanym CO; (>95 %), ktery
umozni vyuziti CO2 v aplikacich citlivych na jeho Cistotu. Provoz s nizkou koncentraci CO2
na vystupu byl pilotné realizovan, vyhodnocen a optimalizovan.

Vysledky

Pilotnim testovanim byly potvrzeny separaéni vlastnosti membranového modulu uddvané
vyrobcem, i kdyZ byla zjisténa nizsi selektivita CO2/N2 i CO2/02. Také byl kvantifikovan vliv
teploty separace na vykon modulu. Zaroven byla vypracovana analyza spotieby elektrické
energie a byly identifikovany provozni podminky, pti kterych dochazi k maximalizaci
vytéZzku CO2. Na zakladé testll byly nalezeny optimalni podminky i pro odlisné konfigurace
technologie. Také byl popsan vliv koncentrace COz ve vstupnich spalindch, ktery zasadné
ovliviiuje celkovou ekonomiku membranové separace COa.

Zavér

Pilotni provoz jednotky separace CO2 ukdzal na mozZnosti jejiho vyuZiti v konkrétnich
aplikacich. Technologie membranové separace poskytuje dostate¢né kvalitni proud CO:
pro jeho spotfebu nebo dalsi zpracovani. Technologie umoziiuje vyuZiti v mistech, kde se
spotieba CO2 pohybuje v desitkdch az stovkach kilogrami CO2 za hodinu.

Grantovd podpora
Cislo projektu: TK02030155, Membrdnovd separace CO; a jeho ndsledné vyuZiti
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A NEW MEMBRANE FOR MIX GAS AND FLUE GAS SEPARATION
Stanovsky P., Zitkova A., Bothova K. Izak P.12

1Czech Academy of Sciences, Institute of Chemical Process Fundamentals, Czech Republic

2UCT Prague, Technickd 5, 166 28 Prague 6 — Dejvice, Czech Republic

One of main sources of industrial emissions is the combustion technology. In addition to
solid waste, a number of compounds produced by the combustion leave the system in the
gaseous state. At present, there are various methods for the purification of waste gases
that allow flue gases released to the atmosphere to fully comply with emission standards.
However, these technologies are now often reaching the maximum limits for their
separation capabilities, and it is clear that with the more stringent emission limits imposed
by the European Commission effective from 2021, they will not be able to meet them. The
aim of this work is to test our new patented method of water condensing membrane for
flue gas purification [1,2]. Moreover, our objective is also to compare our unique
separation method with polymeric membranes being nowadays developed primarily for
carbon capture (CC). Nevertheless, these membranes and whole CC technology have also
solve the problem of the other pollutants like SO2, NOx and HX. We would like to find out
whether the new separation method could be as efficient as the current polymeric
membranes represented by the results of several academic investigations and pilot tests
performed by membrane producers. It seems that it would be very advantageous and
reasonable to develop the process combining efficient SO2, NOx, HX removal and water
recovery but not necessarily with CO2 removal as CC will be possible only on sites where
it could be further processed. Thus, there could be also a demand for the efficient
technology without CC to be combined with current flue gas purification systems
especially on smaller scales.

A unique lab-scale apparatus testing the purification of flue gas has been built. Using
tested flat sheet membrane Toray, the purification of feed gas to levels required by the
legislative of the European Commission since 2021, has been achieved. Various separation
conditions (pressure above and below the membrane, temperature of separation, flux of
feed and sweeping gas) were tested and optimal parameters were found. Our results
proved high separation potential of “water condensing membrane” for separation of SO2,
and CO2 from flue gas.

Acknowledgement:
This research was financed by Technology Agency of the Czech Republic, TK02030155.
References
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DEVELOPMENT OF A DIGITAL TWIN OF A PHENOLIC RESIN PAPER IMPREGNATION
PLANT DRYER

M. Cizmar®2, M. ReZucha?, M. Variny?, D. Lager?, G. Leitner?, E. Pleschutznig?, M.
Mitterbauer?, R. Zimmerleiter?, M. Brandstetter?, T. Barz?

1Department of Chemical and Biochemical Engineering, Institute of Chemical and
Environmental Engineering, Faculty of Chemical and Food Engineering, Slovak University
of Technology in Bratislava, 821 37 Bratislava, Slovakia

2Austrian Institute of Technology GmbH, 1210 Vienna, Austria

3Fundermax GmbH, 9300 St. Veit/Glan, Austria

“Research Center for Non-Destructive Testing GmbH, 4040 Linz, Austria

Drying is one of the most widespread and energy intensive processes in industry.
Therefore, small improvement in energy efficiency of the drying processes in general may
lead to significant energy and GHG emissions savings. This work considers gas fired
continuously operated flotation dryers, which are typically used in phenolic resin paper
impregnation plants for manufacturing laminated panels. Inside the dryer the fabric is
floating in the stream of hot air through several zones. The process is conventionally
operated with excessive air to keep solvent concentrations in the exhaust gas such as
methanol below their lower explosive limits. Because of the complexity of the drying
process, it is not possible to directly determine the optimal operation parameters for
minimum fuel consumption. This contribution presents results from the implementation
of a digital twin for the production process, which links a thermodynamic model of the
drying process with real-time process data. The model predicts the change in paper
temperature and solvent content throughout the dryer and provides the evaporated
amount of solvent in each drying zone. Linking input and output streams of the dryer and
closing corresponding mass and energy balances, the developed numerical model can be
iteratively fitted to available operational data by solution of a nonlinear regression
problem adjusting basic parameters for heat transfer and drying curve. The successful
application for the identification of optimal operation parameters for decreased energy
consumption while considering the lower explosive limit of methanol is demonstrated.
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MODELING AND ANALYSIS OF INDUSTRIAL STEAM NETWORK OPERATION CHANGE
WITH NEW STEAM SOURCE COMMISSIONING

Variny M.}, Cerveriansky 1.1, Furda P.%, Kraviarova D.!

1 Department of Chemical and Biochemical Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak republic

Steam networks in industrial parks and enterprises usually developed over decades to
their current layout, closely following the development of production. Significant changes
in steam balance in such networks inevitably challenges the stability of their operation and
in the quality of steam delivered to end users. Mathematical modeling can be used to
provide answers to the arising queries regarding future operation of steam networks and
possible modification in their layout to cope with the expected changes in steam mass
flows and flow directions. This study showcases an industrial steam network which is
expected to undergo a major operation change due a new low-emission steam source (60
t/h steam export capacity) commissioning. Steam export is envisioned on both middle-
pressure (1 MPa) and low-pressure (0.4 MPa) level, with a notable flexibility in individual
steam mass flows. A combined thermo-hydrodynamic model is applied to predict maximal
export which the current steam network can accommodate in various operation states.
Results indicate that all steam from new steam source can be exported to the industry in
winter, achieving a proportional decrease in steam production in the existing central heat
and power plant, followed by fuel saving and greenhouse gases (GHG) emissions decrease.
Summer operation of the steam network in future conditions allows for a limited 1 MPa
steam export (up to 30 to 35 t/h) only, while that on 0.4 MPa level will not be possible for
most of the time. The remaining steam will most probably have to be used for condensing
power production. Overall, around 75 % of annual steam production in the new steam
source could be exported to steam network, leading to fuel saving and to a cut in GHG
emissions, constituting a favorable basis for an economic operation of the new steam
source.

Funding: This study was supported by the Slovak Research and Development Agency

under contract nos. APVV-18-0134 and APVV-19-0170, and by the Slovak Scientific
Agency, grant no. VEGA 1/0511/21.
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LESSONS FROM THE PAST: APPLICATION OF A CENTURY-OLD METHOD FOR PIPELINE
NETWORKS MODELING IN INDUSTRIAL PRACTICE

Furda P.%, Cervenansky 1.2, Variny M.%, Cerfianskd B.2, Hucik M.2

1 Department of Chemical and Biochemical Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak republic

2SLOVNAFT, a.s., Vi¢ie hrdlo 1, 824 12 Bratislava, Slovak Republic

Steam turbines have served as mechanical drivers of choice in heavy industry for decades,
mostly in places where abundant heat could provide energy for steam generation. These
drivers have been incorporated into complex and usually multi-level steam networks
which span across whole industrial plants. However, the global environmental trends,
rising fuel prices, and the ever-increasing carbon tax are making the economics of steam
drives operation questionable and are shifting the industry towards electrification. The
switch from steam power to electro power needs to be done with caution, though, as such
actions affect the steam pipeline network and the steam production facilities substantially.
To assess the effects of replacing a series of installed steam turbines for high-speed
electromotors, a complex study of all levels of the steam network needs to be done and
any potential bottlenecks need to be addressed. The current trend in digitization pushes
engineers into the world of simulations engineering, although a software capable of such
calculations is often out of reach for domestic industry. Furthermore, even the most
sophisticated simulation software tends to fail when trying to simulate such highly
interconnected and nonlinear systems as plant-wide steam networks. Hardy Cross came
up with a solution to the issue of pipeline networks modeling in the mid-1930s. Decades
later, his method was deemed obsolete due to the development of computer solving
methods and modern algorithms. However, almost a century later, this method was once
again proven useful in a case where no simulation software or modern algorithms were
applicable. This contribution presents the main results of an extensive industrial study of
the impact of steam-drives replacement on the plant steam management and highlights
the relevance of traditional engineering methods in modern applications.

Funding: This study was supported by the Slovak Research and Development Agency

under contract nos. APVV-18-0134 and APVV-19-0170, and by the Slovak Scientific
Agency, grant no. VEGA 1/0511/21.
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PRODUCTION OF HUMIC ACID FOR POTENTIAL REDUCTION OF HUMAN CO2 EMISSIONS
Weidlich T.%, Holomkova M.!

1Chemical Technology Group, Institute of Environmental and Chemical Engineering,
Faculty of Chemical Technology, University of Pardubice

The organic matter fraction in the geological carbon pool contains an estimated 10° tons
of carbon, exceeding the total organic content of current living matter by a factor of
10 000. Soil contains by far more carbon than the atmosphere (currently 870 x 10° t) [1].
Soil organic matter (humic substances) is in major parts a long lasting, accumulated
product of the degradation of land plants, and a change of its content in the range on
larger soil areas has the potential to cure the climate crisis completely.

The humin/humic acid fraction of organic matter (above mentioned immobilized soil
carbon, humic substances) in the upper layers of farmed soil contains an overall of 1500 x
10° t of carbon. For a comparison, total quantity of carbon in the atmosphere is 800 x 10°
t[1].

The notation “humic acid” (HA) comes from the early chemical experience that strong
bases dissolve significant parts of peat while re-acidification results in precipitation. HA is
a complex polymer compound that contains acidic carboxyl and phenolate groups.

The formation of humic substances under natural conditions requires many years and
involves biotic and abiotic reactions. However, HA is synthetically available.
Hydrothermal technology can rapidly convert biowaste into high-value products within
hours or even minutes by creating a high temperature and high-pressure environment.
HTH usually achieves excellent carbon yields and metabolization is avoided, i.e., the
majority of the carbon bound in biomass ends up in the humified product.

As synthetic HA is essentially carbon negative (it binds carbon while its formation has
avoided metabolization and CO2 generation) and it is made essentially only from side
products or waste streams, application of synthetic HA as a replacements of fossil products
or on larger scale in agriculture can contribute to find a way to a COz-neutral society.

Reference:

[1] F. Yang, M. Antonietti: Artificial Humic Acids: Sustainable Materials against Climate
Change. Adv. Sci. 2020, 7, 1902992.
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DEFOSSILISATION AND DECARBONISATION. THE ENERGY FRAME OF THE FUTURE OF
CHEMICAL INDUSTRY VIEWED BY PHYSICAL CHEMISTRY

Dédecek J., Krtil P.
J. Heyrovsky Institute of Physical Chemistry of the CAS, Prague, Czech Republic

Fulfilling of decarbonisation and defossilisation targets of EU and Czech Republic requires
dramatic transformation not only of electricity production, but of the Czech and Central
European energy industry. Approximately 400-440 TWh produced in the Czech Republic
using fossil fuels will have to be replaced by low carbon emitting or/and renewably energy
sources, this means that energy production from these sources have to be increased more
than six-times in next twenty five years. Possibilities, risks and specific features both of
autarkic and global solutions of Czech energy transformation and their impact to the Czech
chemical industry will be discussed in this paper.
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Vysledky pilotnich testd membranové separace CO: ze spalin plynového kotle

P. BroZ!, O. Horky?
IMembrain s.r.o., StréZ pod Ralskem, CZ

Uvod

Postupné zvySovani CO2 v atmosfére predkladd zasadni otazku jak tento trend zastavit, aby
nedoslo k negativnim dopadim na Zivotni prostfedi. Proto se hledaji cesty jak sniZit emise
CO: ze spalovacich procesu. K odstranéni CO2 ze spalin je moZné vyuzit procesu absorpce,
adsorpce, membranova separace, pfipadné kryogenni destilace.

Metodika

Pro izolaci CO:2 ze spalin jsme se jiz tradicné rozhodli pouzit metodu membranové
separace, ktera vyuZziva rozdilnou permeanci plynnych slozek kourového plynu CO2, Nz a
zbytkového 02 prichodem pfes membranu. Hnaci silou je gradient tlaku na membranég,
ktery je vytvoren na vstupni strané (Feed) dmychadlem a za membranou (Permeat)
umisténim vyvévy. Tlakovy gradient je velmi nizky, kolem 1,2 baru a proto jsou na
membranu kladeny vysoké pozadavky na jeji permeabilitu a selektivitu. Zafizeni je
umisténé v 20“ kontejneru a technologie separace je doplnéna dvostupfiovym chlazenim
koufovych plynd, odlou¢enim a odvodem kondenzétu s jeho neutralizaci, analyzatorem
jednotlivych slozek plynnych proudd — Feed/Permeat/Retentat a Fizenim technologie
s dalkovou spravou. Jednotka byla pripojena na spaliny za plynovym kotlem, které po
projiti ekonomizérem kotle mély teplotu 60°C. V tomto misté byla na spalinovod napojena
pilotni jednotka Membrain. Spaliny byly svedeny izolovanym potrubim do technologie
separace COz. V prlibéhu testl byly ménény parametry: pratok Feedu a jeho tlak, teplota
separace a podtlak na strané permeatu.

Vysledky
Vysledky testll potvrdily predpokladanou permeanci membrany dle dodavatele modulu,
selektivita je nizsi, nez se oCekavalo. Nejvyssi selektivity se dosahlo pfi nizkych teplotach

svys

neni vhodné se v nizkém teplotnim rozmezi plynu pohybovat. Pro priimyslové vyuZziti byla
stanovena spotfeba el. energie v zavislosti na uUc¢innosti odlouceni CO2 pro jednotlivé
provozni stavy.

Zavér

Pti nizkém obsahu CO: ve spalindch plynového kotle méné jak 6 obj.% se ukazuje, Ze
dosahnout nizké spotieby el. energie na separaci CO2 bude velmi obtizné. Pro priimyslové
vyuZiti separace CO: ze spalin se predpoklada max. spotteba el. energie 0,6 kWh/kg CO..

Grantovd podpora
Cislo projektu: TK02030155, Membrdnovd separace CO: a jeho ndsledné vyuZiti

123



Ukladani tepelné energie v Glauberové soli
A. Dedkova?, T. Jirout!, M. Dostal*

1¢eské vysoké uceni technické v Praze, Fakulta strojni, Ustav procesni a zpracovatelské
techniky, Praha, Ceskd republika

Ukladani rliznych forem energie predstavuje jednu z mnoha zasadnich vyzev dnesniho
svéta. Dekahydrat siranu sodného, zndmy také pod trividlnim nazvem Glauberova sul, ma
schopnost uchovavat teplo, a to pomoci fazové zmény. Pfi tomto jevu dochazi
k dehydrataci soli. Po zahrati nad bod tani (32 °C) se Glauberova sul dehydratuje a krystaly
soli se rozpusti, pokud je naopak ochlazovana, dojde k opétovné hydrataci a tvorbé
krystalQ, béhem niZ dochazi k uvolnéni hydratacniho tepla. Tento déj je mnohonasobné
opakovatelny, navic probihd i za relativné malych teplotnich rozdil(. Glauberova sl
disponuje velkou mérnou tepelnou kapacitou 2,7 kJ kg* K, ma ale i negativni vlastnosti.
Predevsim dochazi k podchlazovani, coZz prakticky znamend, Ze sUl ztraci schopnost
opétovné hydratace kvili nizké nukleaci. To Ize odstranit pfidanim aditiv, jako je borax
nebo aktivni uhli, jez navic zvysuje tepelnou vodivost soli, ale také naptiklad mechanickym
michanim, které zabranuje tzv. stratifikaci (oddélovani jednotlivych fazi).

Poster pfindsi poznatky z prvotnich experimentl, které byly provedeny s dCistou
Glauberovou soli a s Glauberovou soli s pfimési aktivniho uhli. Byly méfeny teploty
teplonosného média na vstupu a vystupu z akumuldtoru v zavislosti na ¢ase a z téchto
hodnot bylo uréeno mnozstvi uloZzeného tepla v soli. Experimenty maji za cil pomoci pfi
navrhu nového typu zatizeni pro ukladani tepelné energie pomoci Glauberovy soli.

Vyzkum je financné podporen z grantu SGS23/160/0HK2/3T/12
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ASSESSING THE ECONOMIC FEASIBILITY OF E-FUELS: A COMPARATIVE STUDY
Kurdk T., Halabuk L.

Institute of Chemical and Environmental Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak Republic

In response to escalating environmental concerns and the imperative to transition
towards sustainable energy sources, this contribution undertakes a comprehensive
exploration of the economic viability of e-fuels, a promising alternative and substitute for
fossil fuels. E-fuels, synthesized from carbon dioxide captured from industrial processes
or the atmosphere, alongside hydrogen derived from renewable sources, emerge as a
potentially transformative energy carrier. This study positions itself at the nexus of the
evolving energy landscape, offering a nuanced comparative analysis between e-fuels,
traditional fossil fuels, and battery technologies. The economic accessibility of e-fuels is
examined through a cost modeling and scenario planning. By dissecting various scenarios
and compare them against conventional counterparts, the study sheds light on the
potential economic implications of widespread e-fuels adoption. This work delves into
the dynamic interplay between cost-effectiveness, environmental sustainability, and the
border evolution toward sustainable energy. This process includes a carbon capture unit,
an electrolyzer to produce hydrogen gas, a plug-flow chemical reactor with a fixed-bed
catalyst for the synthesis of methanol, and a distillation column. The planned capacity of
the process is 400 000 liters per year. As society grapples with the urgent need for
decarbonization, the findings presented here contribute to the ongoing discourse on
sustainable energy solutions. This contribution not only scrutinizes the economic
dimensions of e-fuels but also underscores their potential role in reshaping the trajectory
of our energy future.

We acknowledge the financial support provided by Slovak Society of Chemical
Engineering.
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ENERGY OPTIMIZATION OF SEPARATION PROCESS FOR PRODUCTION OF ASYMETRIC
ETHERS

Variny M.}, Hlavaty L.}, Sotdk T.2, Magyarova Z.2

1Department of Chemical and Biochemical Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology, Radlinského 9, 821 37 Bratislava, Slovakia
2Department of Organic Technology, Catalysis and Petroleum Chemistry, Faculty of
Chemical and Food Technology, Slovak University of Technology, Radlinského 9, 821 37
Bratislava, Slovakia

Organic solvents are an important part of chemical industry with ethers being among the
more commonly used. One of the disadvantages of organic solvents is their environmental
impact associated with both their production and regeneration. For that reason,
development of solvents and processes for their production with minimal environmental
impact is desired. One of such promising solvent is cyclopentyl methyl ether (CPME). This
solvent could be manufactured using entirely renewable feedstock, however requiring
complex separation train due to multiple side products obtained alongside CPME.
Proposed separation train capable of separating these unfortunately comes with high
energy requirement which increases the environmental impact of the process. This study
aims at optimization of this proposed process in terms of energy consumption reduction.
This is achieved through optimization of column parameters, energy integration and
flowsheet changes allowing for further energy consumption reduction. By implementing
several changes to process layout and operation conditions the specific heating energy
required per tonne of CPME could be lowered by up to 50%. In addition, if taking into
consideration other valuable products specific energy requirement decrease further.

This study was supported by the Slovak Research and Development Agency under contract
no. APVV-18-0134 and by the Slovak Scientific Agency, grant no. VEGA 1/0374/23. We
acknowledge the financial support provided by Slovak Society of Chemical Engineering.
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RECYCLING AND UPGRADING OF POLYMER MATERIALS BY SOLVENT BASED METHODS
Klimo$ek J., Rihdkova L., Dendisova D., Jindrova K., Kosek J.

University of Chemistry and Technology Prague, Prague, Czech Republic

Plastic waste accumulation is a worldwide issue, and despite that, PET is the only polymer
material that is now feasibly recycled. Polyethylene (PE) and polypropylene (PP) dominate
plastic and waste production (they constitute half of the world’s production of new
polymers but also half of the world’s plastic waste). Despite PE and PP fraction in polymer
waste, we can mark PE and PP as environmentally friendly materials considering their
chemical composition. Unfortunately, they are full of polymer additives containing a scale
of problematic elements for recycling (nitrogen, oxygen, sulfur, chlorine, or fluorine). The
purifying process can be stressful to polymer materials and polymer chains can degrade.
For final processing we are developing a fractionation method to remove degraded
fraction and rise the processed polymer value. Fractionation method is also an option to

separate multi-layer or composite textile materials.

Small assembled stirred pilot apparatuses were designed for polymer purification and
fractionation to set various experimental conditions (pressure up to 30 bar and
temperature up to 150 °C). The apparatuses are equipped with glass windows for visual
control, instrumental check of polymer-solvent dissolution, or determining the cloud
point. Now we are assembling a bigger apparatus to purify larger amount of polymer

sample to study the mechanical properties of processed polymers.

Pilot experiments were conducted with commercial plastic waste to proof that
decolorizing is possible. The experiments were successfully repeated, but plastic waste is
not suitable for systematic analysis due unknown composition of used polymer additives.
We have built a small laboratory extruder to prepare set of defined polymer concentration

granules to calibrate the instrumental FTIR and Raman spectroscopy methods.

The textiles recycling experiments were conducted with a set of selected solvents. The
decolorized samples were inspected by digital microscopy to find out the degree of
decolorization. The aim is to use the low processing temperature to prevent the fiber or

polymer degrading and to enable the repeated polymer recycling.
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THE DEVELOPMENT OF A PLASMA TORCH FOR A HIGH-TEMPERATURE GASIFICATION
REACTOR

Miick J.%, Kielar J.1, Najser )., Frantik J.%, Najser T.!

1ENET Centre, CEET, VSB-Technical University of Ostrava, 17. Listopadu 15/2127, 708 00,
Ostrava, Czech Republic

The global increase in energy consumption, coupled with the trend of restricting fossil
fuels, has resulted in the need to discover a new, suitable, green energy source. One
promising alternative fuel is hydrogen, which has a high calorific value (per unit of weight),
and when utilized as fuel in a fuel cell, it produces only clear water. Hydrogen production
can be achieved through various methods, with the most common being the reforming of
methane or electrolysis of water. Another potential method for hydrogen production is
the plasma gasification of alternative fuels. The objective of plasma gasification is to
convert organic substances in fuels primarily into synthesis gas (H2 and COz), while the
inorganic fraction melts into an inert non-leachable slag. The integration of waste plasma
gasification technology with hydrogen separation processes enables the production of
what is commonly referred to as "green energy."

This research focused on the development of a new type of plasma torch for a novel
gasification reactor. The first prototype of a plasma torch was constructed based on a
mathematical model. The parts of the prototype had to be modified based on real
operating conditions. The result of the research was a new type of functional 50 kW
plasma torch, which can use N2 or Ar as a carrier gas.

Acknowledgements

This research was supported by the Technology Agency of Czechia through the project
CEET —“Center of Energy and Environmental Technologies” TK03020027. This article has
been produced with the financial support of the European Union under the REFRESH —
Research Excellence For REgion Sustainability and High-tech Industries project number
CZ.10.03.01/00/22_003/0000048 via the Operational Programme Just Transition.
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ROLE OF THE MATERIALS USED IN A CHARGER UNIT IN THE TRIBOELECTRIC SORTING OF
PLASTIC WASTE

J. Sklenafova, M. Drapela, M. Vaszi, J. Perner, J. Kosek
University of Chemistry and Technology Prague, Prague, Czech Republic

Triboelectric separation of plastic waste is a method that has the potential to become an
important member of the plastics recycling chain for many reasons, such as the low cost
of the sorting process, no use of solvents and surfactants, possible separation of black
materials, etc. It uses the charging of shredded waste by contact with other objects:
different plastic materials obtain a different electrostatic charge by frictional contact with
a suitable counter-material. Charged pieces are then separated during free fall between
electrodes in the electrostatic separator. The choice of counter-material for charging is the
most challenging task in designing a triboelectric separator, as it plays a crucial role in
controlling the charge of individual plastic pieces. The tribocharging of dielectrics or
insulators is still poorly understood, so predicting a suitable counter-material for different
waste mixtures can be challenging, so most work has to be done experimentally. Our work
focuses on improving electrostatic separation by finding suitable counter-materials to
effectively separate multi-component plastic mixtures by separating one material per
cycle and then recharging the remaining mixture with different counter-materials during
the next cycle. We are also investigating the effect of additives on triboelectric separation
- many additives are used in the polymer industry to improve products, but these
substances can cause problems during recycling. Sorting plastic waste not only by bulk
material but also by specific additive content can be valuable.
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THE POSSIBILITY OF HYDROTREATMENT OF PYROLYSIS OIL FROM PLASTIC WASTE
Skuhrovcové L.}, Hrtus D.}, Ka$parek A.%, Lederer J.1
10RLEN UniCRE, a.s., Revoluéni 84/1521, 400 01, Usti nad Labem, Czech Republic

The hydrotreatment of pyrolysis oils from waste plastics is a key process leading to a more
sustainable treatment of waste plastics. These processes are an important step towards
sustainable plastic material recycling and reducing negative environmental impacts.
Hydrotreatment of pyrolysis oils mainly involves hydrodehalogenation and hydrogenation
of double bonds (stabilisation). Hydrodehalogenation is a catalytic process that removes
halogens from plastic waste, while double bond hydrogenation of pyrolysis oils aims to
improve the quality and usability of the oil products from the pyrolysis of plastic materials
and to enable their storage. The aim of this work is to stabilize pyrolysis oils from plastic
wastes by hydrotreatment and at the same time to test the possibility of removing
organically bound halogens by catalytic hydrodehalogenation. The pyrolysis oil used in this
study was obtained from the pyrolysis of waste packaging materials and contained a high
proportion of unsaturated hydrocarbons and 100 ppm of chlorine. This pyrolysis oil was
mixed in a 1:5 ratio with heptane. Subsequently, hydrotreatment was performed on a
commercially available Pd/Al:Os catalyst and the efficiency of stabilisation and
hydrodehalogenation at different temperatures was compared. The chlorine content was
determined by XRF and the group composition was determined by GCxGC-FID. It was
found that the pyrolysis oil could be efficiently stabilized and hydrodehalogenated by low-
temperature hydrotreatment on Pd/Al.Os catalysts at 180 °C without significant loss of
catalytic activity.

Acknowledgements
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3D printing of enteric capsules using extruded hypromellose filaments
A. Komersova?, J. Muselik?, A. Franc?, J. Elbl?, K. Matzick®

1Department of Physical Chemistry, Faculty of Chemical Technology, University of
Pardubice, Pardubice

’Department of Pharmaceutical Technology, Faculty of Pharmacy, Masaryk University,
Brno

Introduction

3D printing is predicted to play a significant role in the future of the pharmaceutical
technology. Personalized drug delivery has become a new, promising and effective way in
the treatment of patients. This presentation provides a contribution to the development
of oral dosage forms for colon-specific drug delivery based on the hypromellose 3D printed
capsules.

Experimental

This work focuses on the hot melt extrusion (HME) of hypromellose, one of the most
commonly used polymers in pharmaceutical dosage forms, to prepare filament for
subsequent 3D printing of dosage form. Fused deposition modeling (FDM) was utilized to
produce a polysaccharide capsules using the extruded filaments. Because stability of the
polymer at high temperatures during HME is of key importance, the thermal degradation
of Affiniso™ HPMC HME 15 LV (hypromellose specially designed for the HME) and
optimum processing temperatures for HME and 3D printing was also studied.

In vitro dissolution tests with pH change (1.2 — 6.8) were performed to ivestigate the
gastric fluid resistance of the printed capsules.

Results and Conclusion

Based on DSC and FTIR measurements, no significant degree of Affinisol™ HPMC HME 15
LV degradation was achieved for the extrusion temperature. Printed polysaccharide
(hypromellose with addition of pectin and sodium alginate) capsules are acidic resistant
and show the promising application potential for colon-specific drug delivery.

The authors thank for financial support of the Ministry of Education, Youth and Sports of
the Czech Republic (project SGS 2024_007) and Czech Science Foundation (Grant No. GA
22-03187S).
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Hardening of tablets: a detective story
Z. Sklubalovd?, D. Pécek?, L. Krejcik?, P. Svacinoval, T. Tranova?, J. Muzikova?

IFaculty of Pharmacy, Charles University, Hradec Krdlové
2Zentiva, k.s., Praque

Introduction

Preparation of the high API concentration tablets (80 %) is challenging for the limited
amount of other additives. Nevertheless, some interactions can occur between a drug and
these excipients even though used in such limited portions. On reflection, worsening of
the tablet mechanical properties and the decrease in drug release can be detected.
Methods

Tablets were prepared by the compression of tableting mixture consisting of the API
granules (wet granulation process) with the internal lubrication by stearic acid
(intragranular) and magnesium stearate (extragranular); croscarmellose or crospovidone
were added as extragranular disintegrants. Tablets were evaluated by the measurement
of crushing force, disintegration time and dissolution test after preparation and during the
6 months stability study.

Results

The increase in tablet hardness following with the prolonged disintegration time and poor
drug release was observed even after six weeks, particularly under 40°C/75% RH
conditions of storage in a climate room. The step by step evaluation of the partially mixed
substances by using MDSC showed the unexpected interaction between the drug,
lubricants and disintegrant crospovidone.

Conclusions

The interaction between a drug and crospovidone was proved. This interaction, moreover,
is supported by the presence of stearic acid and magnesium stearate used as lubricants.
The use of croscarmellose as a disintegrant as well the exclusion of stearic acid from the
composition was finally proposed.

This study was supported by the Funding Agency of Charles University [Grant No. SVV
260 547]
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ROLLER COMPACTION — ADVANCES IN TECHNOLOGY TRANSFER AND SCALE-UP VIA
VARIOUS METHODS AND TACTICS ASSISTED BY MATHEMATICAL MODELLING

Marinko N., Zamostny P.
University of Chemistry and Technology, Prague, Department of Organic Technology,
Technicka 5, Prague 6, 166 28, Czech Republic

marinkon@vscht.cz

Abstract

Producing the same quality of intermediate products on various roller compaction
machinery in dry granulation scale-up operations is essential for robust production of
pharmaceutical formulations. The envelope density of the compacted ribbon, as a suitable
physical property thereof, is widely accepted as criteria for transferability of dry
granulation processes. Through a pilot study on a small-scale roller compactor, it is
possible to prepare various batches of granulate under different process parameters to
select the most preferrable batch for further development. The ribbon densities for each
batch differ due to process parameters set during compaction and serve as a technology
transfer parameter. The methods presented in this show how to approach various scale-
up and technology transfer tactics. Several model and real formulations from the industry
were compacted into ribbons, which were in turn used to evaluate the proposed method
and compare it with other techniques. How to determine envelope density of roller
compacted ribbons by an accurate measurement of their envelope volume by utilizing
solid volume displacement of glass microspheres. It is shown that the method for envelope
density measurement with solid displacement is as accurate as mercury porosimetry. The
method is also resilient to different size and structure of obtained ribbon samples,
including those suffering from structural failures. Product performance was also studied
to generate data from the other end of the process to inspect whether it can limit design
space options. Insight into how all of this data mathematical modelling is used to utilize
this data will be shown in the work.
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DRYING MONITORING - PAT IN TEVA
Holas T.

Teva Czech industries s.r.o., Research & Development, Opava, Czech Republic

There are several options for monitoring the drying process. At TEVA, we focused on
relatively inexpensive photoionization detectors (Volatile organic compound detectors)
and DEW point detectors. The detectors are installed after the process filter or dryer in
nitrogen stream. With their help, we can increase the drying process efficiency and
understand the drying process more deeply.

The desolvation process can be monitored with this detector, as part of the polymorph
control. The mobile detector can be used for troubleshooting in production. Various
aspects of the detectors will be presented in the presentation and the results will be
presented.

| SIEMENS SIMATIC HMI

= Vacuum 50 mbar
Process Filter
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JAK CHARAKTERIZOVAT PEVNOU API VE FARMACII

Kratochvil B., Cejka J.

Ustav chemie pevnych ldtek, Fakulta chemické technologie, Vysokd skola chemicko-
technologickd v Praze

Pevnou API (Active Pharmaceutical Ingredient) charakterizujeme ve fazi preformulace
vyvoje lécivého pripravku. Zavazna direktiva k charakterizaci neexistuje, k dispozici jsou
pouze harmonizacni doporuceni k provedeni vybranych pevnolatkovych metod,
obsaZzenych v narodnich Pharmacopoeich (Lékopisech). Pevnolatkovych analytickych
metod, charakterizujicich praskovy neboli partikularni systém, je kdispozici nékolik
desitek. Lze je rozdélit na metody charakterizujici povrch (10%-10°m), ,bulk” (10° -
10! m) a vnitFni strukturu (101° — 10 m). Mezi parametry povrchu Fadime: povrchovou
energii, reliéf (drsnost) a porozitu. Parametry ,bulku“ zahrnuji tvar a velikost Castic,
mechanické vlastnosti (porovitost, stlacitelnost, sypnou hustotu, setfesnou hustotu atd.)
a reologické vlastnosti (vnitfni a sténové treni, kohezivitu, tokové chovani, viskoelasticitu,
zeta potencial atd.). Vnitrni struktura pevné faze je bud krystalicka (usporadana) nebo
amorfni (neuspofadanad). Parametry krystalické struktury jsou: Uhly a intenzity rtg. difrakci,
Millerovy indexy rovin prokladanych atomy ve struktufe, mezirovinné vzddlenosti,
rozméry elementarni buriky, parametry symetrie struktury, pozice atomu v elementarni
burice, pfip. teplotni vibrace atom( atd. U amorfni faze z principu krystalografické
parametry neexistuji a parametry povrchu a ,bulku” Ize ziskat omezené. Dulezitym
parametrem amorfniho stavu je teplota skelného prechodu.

Krystalografické parametry lze ziskat na zakladé rtg. difrakénich méreni, pfip.
z elektronové difrakce. Dostupnost krystalografickych parametrd ma tfi Urovné:

1) Ze zméreného rtg. praskového difraktogramu ziskame: Ghly difrakci, mezirovinné
vzdalenosti a intenzity difrakci

2) Indexace difrakci: kazdé difrakci priradime Millerovy indexy hkl a tak mGzeme
vypocist rozméry elementarni bunky a velmi pravdépodobné urcit
krystalografickou soustavu

3) Zintenzit indexovanych difrakci (z praskovych nebo lépe z monokrystalovych
méreni) urcime prostorovou grupu symetrie, pozice atom( a pfip. absolutni
strukturu. Vedle rtg. difrakce Ize pouzit i data ziskana z elektronové difrakce.

Prvni Uroven se pouZziva napf. pro potvrzeni reprodukovatelnosti vyrobnich Sarzi nebo pro
identifikaci APl srovndnim se standardem (polymorfni chovani) nebo pro zjisténi stupné
amortizace materidlu po mleti atd.

Druhou a tfeti Uroven pouZijeme pro povinnou dokumentaci nebo pro korelaci struktura
vs.vlastnosti materidlu. DuleZitd je také moZnost vypoctu teoretického praskového
difraktogramu a jeho srovnani s experimentalnim difraktogramem.

Tato prdce byla podporena GA CR, projektem EXPRO 21-05926X
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ACTIVE SUBSTANCE PRONE TO STICKING - TREATMENT IN FORMULATION FOR BETTER
PROCESSABILITY

Romerova, S., Simek, M., Dammer, O., Beranek, J.
Zentiva, k.s., U Kabelovny 130, 102 37 Prague 10, Czech Republic

One of the most common problems during tablet production is sticking of the material to
the tabletting punches. That leads to variance in tablet weight, as well as poor tablet
appearance and other quality parameters.? The propensity of a given active substance
(API) to adhere to the equipment surfaces has to be addressed during the formulation
process. To prevent API sticking, the formulation can be adjusted by altering the excipient
composition, applying a lubricant coating to the API, changing the compression tooling or
including additional formulation steps (such as wet granulation) in the manufacturing
process.? Specific formulation approaches and treatments for such APIs can be protected
by patents, making the generic development significantly more complicated.

In this work, we used a model API with propensity to sticking and investigated the API
lubricant coating influence on the sticking phenomena. Several different lubricants were
chosen for dry coating of the model API (performed by blending binary API-lubricant
mixtures) and evaluation of their impact on the formulation processability was performed.
To achieve that, a series of experiments with lubricant-treated API, using a compaction
analyzer was performed, complemented by powder rheometry experiments of physical
mixtures resembling a complete model tablet formulation.

From the used lubricants, colloidal silica presented suitable particle morphology and
functional properties reducing the sticking propensity of the API, especially if further
formulation steps, like wet granulation, were to be considered. Another excipient,
combining calcium carbonate and hydroxyapatite (Omyanutra 3000G), having
comparable functionality to colloidal silica, provided satisfying results. Moreover, more
spacer-like acting excipients, magnesium aluminosilicate (Neusilin US2) and a combination
of calcium carbonate and tricalcium phosphate (Omyanutra 300DC-LEG) showed some API
treatment potential, which may also lead to satisfying processability with the correct
formulation adjustments. Overall, two different modes of API lubricant treatment were
identified as promising, potentially serving as an illustration of how to approach such
sticking-prone APIs and as a base for further investigation.

IPaul, S., Sun, C.C. Modulating Sticking Propensity of Pharmaceuticals Through Excipient
Selection in a Direct Compression Tablet Formulation. Pharm Res 2018, 113 (35).
https://doi.org/10.1007/s11095-018-2396-3

2Al-Karawi, C.; Leopold, C. S. A comparative study on the sticking tendency of ibuprofen
and ibuprofen sodium dihydrate to differently coated tablet punches. Eur. J. Pharm.
Biopharm. 2018, 128, 107-118. https://doi.org/10.1016/j.ejpb.2018.04.004.
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VYROBA ANTIBIOTIK V CESKU

Cvak L.

Mihulka s.r.o., Opava, Czech Republic

V souvislosti s diskusi o moZzném obnoveni vyroby antibiotik v nasi republice bude strucné
pojednano o historii vyroby antibiotik penicilinového typu v Ceskoslovensku a uvedeny

dlvody proc byla tato vyroba po sametové revoluci ukoncena. Dale bude popsan soucasny
stav ve svété a diskutovany technologické mozZnosti ¢i nemoznosti tuto vyrobu obnovit.
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KRITICKE ASPEKTY PRI PRIPRAVE AKTIVNICH FARMACEUTICKYCH SUBSTANCI
R. Gabriel, A. Bartova
Teva Czech Industries s.r.o., Opava, Czech Republic

Krystalizace je jednou z nejdllezitéjsich Cisticich a separacnich metod ve farmaceutickém
pramyslu. V pribéhu poslednich 20 let dochazi ke zméné v nahledu na krystalizac¢ni
procesy. Se zdokonalujici se technikou pfi charakterizaci ziskané pevné faze dochazi i ke
zdokonaleni technik, které monitoruji proces krystalizace in-line. Se zdokonalujici se
technikou charakterizujici pevnou fazi, vzristaji ovsem i pozadavky zdkaznik( na
vlastnosti findIni pevné faze. Findlni materidl by mél splfiovat pozadavky jak na spravnou
polymorfni formu, tak na velikost ¢astic, specificky povrch a vlastnosti povrchu (méfeno
napf. povrchovou energii). Na zakladé téchto poZadavki je tfeba vytypovat kritické
parametry, které ovliviuji finalni viastnosti materialu. Jeden z nejzakladnéjsich
parametr(, které je tfeba kontrolovat je nukleace, coz je fidici sila celé krystalizace.
Existuje nékolik zpUsobl, jak parametr nukleace kontrolovat, nejpouzivanéjsi zplsob je
ockovani, dalsim zplsobem kontroly nukleace miZe byt iniciace krystalizace
ultrazvukem, pfipadné vnesenim inertniho materidlu do krystalizovaného roztoku. Cilem
této prezentace je ukazat, jak procesni a inZenyrské parametry (teplotni rozmezi pfi
krystalizaci, volba rozpoustédla, intenzita michani a typ michadla) ovliviuji vlastnosti
findlniho krystalického materidlu, diskutovan bude i rozsifeny jev objeveni a zmizeni nové
polymorfni formy a dlvody proc k této skutecnosti dochazi a dale ukazat nejnovéjsi
pristrojové moznosti pro (zatim hlavné) laboratorni kontrolu krystalizace jako napfr.
systém Blaze od spole¢nosti Blaze Metrics, systém EasyViewer od spole¢nosti Mettler
Toledo.
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IMPACT OF ULTRASOUND FOR PREPARATION OF SOLID CRYSTALLIC MATERIAL
Bartova A.>2, Gabriel R.%?, Holas T.%

1 Teva Czech industries s.r.o., Research & Development, Opava, Czech Republic
2 Department of Physical Chemistry, Faculty of Science, Palacky University Olomouc,
Olomouc, Czech Republic

Crystallization of active pharmaceutical ingredients from solution is one of the most
effective purification methods in the pharmaceutical industry. In order to prepare a
material with desired properties (polymorphic form, particle shape, particle size
distribution (PSD), specific surface area), the crystallization process must be controlled.
One efficient tool to control the crystallization process is the so called sonocrystallization

[1].

Firstly, ultrasound is used for inducing crystallization due to cavitation. Cavitation
effectively induces nucleation and significantly improves the reproducibility of the process
[2]. Further sonocrystallization advantages are shorter induction time, narrower PSD,
prevent agglomeration or amorphous formation [3]. Sonication time and ultrasound
amplitude tune the final particle size distribution [4]. Powder materials prepared by
sonocrystallization have smoother surface, lower residual solvents content and particle
shape could also be influenced.

Secondly, ultrasound is used for wet milling. Particle size is reduced directly after
crystallization. Agglomerates are split and uniform distributions are achieved. Sonomilling
has also positive effect on particle shape. Needle shape crystals, which are not suitable for
micronization, are uniformly rounded shape and reduced after sonomilling. Sonomilling
has favorable effect on homogeneity surface area and energy too compared to micronized
material. Surface properties may also change the handling properties.

References

[1] Dhumal R.S. et al., Int. J. Pharm., 2009, 368, 129-137.
[2] Gao Z. et al. Cryst. Growth Des., 2018, 18, 2628—-2635.
[3] Kim H.N.; Suslick K.S. Crystals, 2018, 8, 280.
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ENHANCEMENT OF ENCAPSULATION AND EXTENSION OF RELEASE FOR HYDROPHILIC
ANTIBIOTICS USING PLGA NANOPARTICLES VIA ION PAIRING
Frolov.V.}, Alharith A. A. H.2, Sovany, T.2, Snejdrova.E.!

1Department of Pharmaceutical Technology, Faculty of Pharmacy, Charles University,
Hradec Kralove, Czech Republic

2Institute of Pharmaceutical Technology and Regulatory Affairs, Faculty of Pharmacy,
University of Szeged, Hungary

Nanoparticles (NPs) composed of poly(lactic-co-glycolic acid) have demonstrated
potential in the treatment of bone infections. However, hydrophilic antibiotics commonly
used for local infection treatment, such as Vancomycin hydrochloride and Gentamicin
sulfate, have limited interaction with PLGA. This leads to low encapsulation efficiency (EE),
drug loading (DL), and a high initial burst release. To address this issue, the hydrophobic
ion pairing method has been developed to achieve higher EE and sustained antibiotic
release over several weeks'?.

This research aimed to improve EE and DL of PLGA based NPs. The HIP technique was used
to investigate different anionic surfactants as HIP agents and adjusting the drug to
counterion molar ratio. The Zetasizer Nano ZS was utilized to assess the size, polydispersity
index, and zeta potential of the PLGA NPs. Morphology of the polymeric NPs was
characterized using SEM. In addition, HPLC and UV-vis spectroscopy were employed to
determine EE and DL of antibiotics in PLGA NPs and their HIP complexes. Furthermore,
Particle Charge detector was used for assessing the charge of these complexes. FTIR
analysis was carried out to characterize prepared complexes which revealed a notable
increase in both EE and DL for highly hydrophilic antibiotics within PLGA NPs when
employing the HIP method.

The study was supported by GAUK grant No. 164122/2022 and SVV 260 547. Collaboration
with University of Szeged was supported by ERASMUS+
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UNEXPECTED IMPURITIES IN THE PRODUCTION OF PROSTAGLANDIN ANALOGUES
TAFLUPROST

Imramovsky A.%, Pauk K.}, Schlenc Bajzikova K., Pavlik J.

1 Institute of Organic chemistry and Technology, Faculty of Chemical Technology,
University of Pardubice, Studentskd 573, 532 10, Pardubice, Czech Republic.
2 Cayman Pharma s r.o. ul. Prdce 657 277 11 Neratovice

Process impurities in the manufacture of APIs can come from multiple sources. Impurities
that are associated with a chemical process - with its own reaction stage - are, from the
point of view of legislation, appropriate to isolate, identify or synthesize in a targeted
manner. Subsequently prove that these impurities are not present in the reaction product
or in the following steps.
During the manufacture of Tafluprost (see structure A at Figure 1), which is used topically
(as eye drops) to control the progression of open-angle glaucoma and to treat ocular
hypertension, alone or in combination with other drugs, there is observed several
impurities. These impurities were isolated and characterized. The mechanism of their
formation is unknown, and our aim was to prepare these molecules by targeted synthesis.
An example of such impurity for tafluprost molecule which is characterized by the
presence of two fluorine atoms on the C15 carbon, is the presence of more fluorine atoms
in molecule of intermediate. Fluorine atoms are introduced by reacting the corresponding
carbonyl group with commercially available fluorinated agents (see structure of
intermediate as B at Figure 1).
Fluorination was found not to be selective in this case and impurities were detected in
which fluorine was detected in positions other than C15. The study deals with the isolation
and identification of these process impurities.
(0]
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Figure 1: Tafluprost structure and intermediate for fluorination.

Acknowledgements: the authors wish to acknowledge the financial support of the Faculty
of Chemical Technology, University of Pardubice (Support of Excellent teams) as well as to
the Cayman Pharma Neratovice (Czech Republic) for kind cooperation.
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PEPTIDOVE NOSICE JAKO NASTROJ KE ZLEPSENi VLASTNOSTi ANTIMIKROBNICH LECIV
M. Kratky?, J. Hor¢ic?, K. Uray?, Sz. B8sze?

1Univerzita Karlova, Farmaceutickd fakulta v Hradci Krdlové, Hradec Krédlové, CR
2ELKH-ELTE Research Group of Peptide Chemistry, Budapest, Madarsko

Rozvoj antimikrobni rezistence u fady patogeni predstavuje globaini problém. Jednou
z perspektivnich moznosti, jak pfekonat tento negativni trend, je vedle vyvoje zcela novych
lé¢iv vyuZiti novych technologii na bazi drug delivery systémi (DDS).! Proto jsme se
rozhodli zkombinovat antimikrobni IéCiva s peptidovymi nosici a ovéfit jejich vlastnosti.
Antimykobakteridlni/antibakteridlni 1é&iva (kyselina 4-aminosalicylovd,’ isoniazid,
sulfonamidy, triklosan aj.) byla jednoduchymi reakcemi modifikovana tak, aby bylo mozné
je kovalentné navazat na peptidové DDS a soucasné abychom predesli vedlejSim reakcim
pfi konjugaci s nosi¢em. Peptidové nosi¢e, primarné na bézi oligotuftsinu’® a jeho
tandemovych peptid(, byly pfipraveny syntézou na pevné fazi (manualni,
automatizovana) pomoci Fmoc/t-Bu strategie. Vzdjemnd konjugace nosi¢-lécivo byla
provedene bud jesté na pevné fazi (amidova vazba), nebo po odstépeni peptidu v roztoku
(oximova vazba). Konjugaty byly purifikovany a charakterizovany.

Konjugdaty a samostatné i lé¢iva a peptidy byly hodnoceny® na extraceluldrniiintracelularni
antibakterialni aktivitu, cytotoxické, cytostatické a hemolytické vlastnosti, byly stanoveny
lipofilita, stabilita a bunécny uptake v modelu makrofagd.

PFipravené konjugdty si zachovavaly ¢i mély dokonce v porovndni se samotnymi IéCivy
zvySenou extraceluldrni antimikrobni aktivitu a byly nezbytné do vysokou intracelularni
antimykobakteridlni aktivitu. Také doslo ke zmirnéni toxicity pro sav¢i buriky a zlepSeni
rozpustnosti.

Vysledky presvédcivé prokazaly, Ze spojenim antimikrobnich IéCiv s peptidovymi DDS lze
vyhodné modulovat jejich vlastnosti, ¢imZz dojde k efektivnéjsSimu wvyuZiti potencialu
znamych léciv. V budoucnu budou studovany nové DDS zaloZené na riznych tandemovych
peptidech a jejich kombinace s dal$imi typy nosicu, otevrela se i perspektiva vyuZiti pro
cileni protinddorovych lé¢iv.?3

1. Horvath L.B., Kratky M. et al. Eur. J. Pharm. Biopharm. 2022, 174, 111.
2. Baranyai Z., Biri-Kovacs B., Kratky M. et al. J. Med. Chem. 2021, 64, 2982.
3. Horvath L.B. et al. ACS Omega, 2024, prijato k publikaci.

Projekt Ndrodni institut virologie a bakteriologie (Program EXCELES, ID: LX22NPO5103) —
Financovdno Evropskou unii — Next Generation EU.
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3D PRINTED DOSAGE FORM WITH ACTIVE INGREDIENT AGAINST ALZHEIMER'S DISEASE
M. Nevyhos$téna?, A. Komersova?, J. Machéackova?, V. Pejchal?
1University of Pardubice, Studentskd 95, 532 10 Pardubice

Introduction

Alzheimer's disease is a neurodegenerative disorder characterised by cognitive
dysfunction and dementia. According to current estimates, around 50 million people are
affected by the disease.

Newly, with the aim of finding ways to increase the solubility, and thus the bioavailability,
of poorly soluble drugs, which is now a highly debated topic in the field of pharmaceutical
chemistry, our research group is currently focusing on the hot-melt extrusion process
(HME), modifying the conditions and selecting a suitable composition. By extrusion, the
crystalline form converts to an amorphous form, increasing the solubility of the substance
many times over. We are also working on fused deposition modelling (FDM) 3D printing
of tablets and their in vitro dissolution testing.

Results

A family of new compounds with a sulfonamide functional group were prepared by six-
step synthesis. The ability of newly synthesized derivatives to inhibit acetylcholinesterase
(AChE) from electric eel (AChE) and butyrylcholinesterase (BChE) from equine serum
(BChE) was screened in vitro using Ellman's method and compared with that of the
standard rivastigmine (RIV). Filaments containing selected active compounds were
prepared by HME (see Fig. 1) and tablets were printed by FDM 3D printing. The dissolution
test were performed in the environment simulating the human digestive tract.

Figure 1 AFFINISOL-based filament.

Conclusion

Personalized medicine offers the possibility to tailor the dose to each patient. In terms of
the future, it would certainly be interesting to provide an effective and safe system for
patients that could be remotely and digitally controlled by the healthcare provider.

The authors thank for financial support of the Ministry of Education, Youth and Sports of
the Czech Republic (project SGS 2024_ 007).
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VARIABILITY OF PARTICLE PROPERTIES OF API AS A FACTOR DETERMINING THE
OPTIMAL MIXING STRATEGY

Novak D.»?, Rémerova S.2, Kominovd P.1, Zdmostny P.%, Stasiak P.?

1University of Chemistry and Technology in Prague, Department of Organic Technology,
Technicka 5, 16628 Prague 6, Czech Republic
?Zentiva k.s., U Kabelovny 130, 10237, Prague 10, Czech Republic

The direct compression process is a more economical option for tablet preparation
compared to tabletting from granulate. However, in this process there are higher
requirements for the preparation of a uniform mixture, as the homogeneity of the active
ingredient is not fixed in the mixture, which is problematic for formulations with low active
ingredient content (API). Therefore, the mixing processes tend to be very complex and
usually divided into multiple steps with sieving steps included, which negatively affects the
economics of the whole process.

This work included the implementation of less complex mixing processes for a formulation
used for direct compression containing small amount of active ingredient. The mixing
operations were performed on a small laboratory scale on Turbula® T2F 3D mixer. The
homogeneity of the APl in prepared mixtures was determined by analysis on high
performance liquid chromatography. At the same time, the time consumption of the
mixing process was evaluated based on real industrial data. All used batches of APl showed
different properties and therefore their variability was also evaluated. In addition to basic
parameters such as particle size, an aggregation coefficient was also determined for these
batches to describe the degree of representation of APl aggregates in the mixture. The
surface energy evaluated from the inverse gas chromatography analysis, or the
cohesiveness and other parameters obtained from the shear test were also used to
describe the aggregation tendencies.

It was found that all prepared mixtures were satisfactorily uniform as long as at least one
sieving step was part of the mixing process. More complex processing was required for the
formulation containing the API batch, which had a greater tendency to aggregate
compared to the others. It was also found that not only the value of the aggregation
coefficient increases with decreasing particle size, but also the cohesiveness or total value
of surface energy.
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SYNTHESIS OF R-(1-(6-FLUOROBENZOTHIAZOL-2-YL)-3-(METHYLTHIO)
PROPYL CARBAMATES AS POTENT ALZHEIMER'S DISEASE DRUGS

V. Pejchall, M. Pejchalova?, S. Stépankova? T. Holadoval, M. Hylska 2

?Institute of Organic Chemistry and Technology, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, CZ-532 10 Pardubice, Czech Republic
3Department of Biological and Biochemical Sciences, Faculty of Chemical Technology,
University of Pardubice, Studentska 573, Pardubice 53210, Czech Republic

The starting compound R-(1-(6-fluorobenzothiazol-2-yl)-3-(methylthio)propyl) amine 5
was prepared as the corresponding hydrochloride salt. A series of novel R-(1-(6-
fluorobenzothiazol-2-yl)-3-(methylthio)propyl carbamates 6a-j was synthesized by
condensation reaction of R-(1-(6-fluorobenzothiazol-2-yl)-3-(methylthio)propyl) amine
with selected substituted alky und aryl chloroformates according to Scheme 1%2. The
structures of prepared carbamates were confirmed by 'H, 3C and '°F NMR spectra, high
resolution mass spectrometry and elemental analyses. The optical activities were
confirmed by optical rotation measurements.
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Scheme 1 Synthetic route to compound 6 a-j.
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All the prepared carbamates were tested for their inhibition of acetylcholinesterase
(ACHE) and butyrylcholinesterase (BChE). The ICso values were determined by the
spectrophotometric Ellman’s method3. The activities of the compounds were compared
with the reference drugs Rivastigmine, Galantamine and Tacrine. The cytotoxicity of the
most active compounds was investigated against human cell lines employing XTT
tetrazolium salt reduction assay and xCELLigence system allowing a label-free assessment
of the cells proliferation. Our results demonstrated that the inhibitory mechanism was
confirmed to be pseudo-irreversible, in line with previous studies on carbamates. In
conclusion, our results indicate, that these derivatives could be promising in an effective
therapeutic intervention for Alzheimer's disease.
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DEPOSITION OF DRUG MICRO-SUSPENSIONS ON A POROUS CARRIERTO
ENHANCE DRUG DELIVERY: THE CARRIER CAPACITY AND RELEASE EFFICIENCY
Svehla 0.2, Sembera F.2, Zdmostny P.!

1University of Chemistry and Technology Prague, Department of Organic Technology,
Prague, Czech Republic
2Zentiva, k.s., Prague, Czech Republic

Poorly soluble drugs, falling under BCS classes Il and IV, make up a
significant portion of the market. Improving their bioavailability poses a major
challenge and has resulted in various strategies. One such technique is milling,
which increases the specific surface area of drugs and enhances dissolution rates
and overall bioavailability. The milling process follows two basic principles: the dry
method and the wet method, with the latter involving liquid media to produce
suspensions that offer advantages in preserving the drug's crystalline structure
compared to solutions or amorphous systems.

This study centers on the preparation of interactive mixtures with a well-
defined particle structure, containing an active ingredient and a porous carrier
(Neusilin® US2) with specific particle characteristics. These systems provide
excellent homogeneity for low-dose formulations and maximize the drug's
particle surface area and its contact with the dissolution medium. However, when
using a liquid medium with low wettability of the drug particles, the preparation
of such systems is only successful when diluted suspensions are applied
sequentially.

To achieve optimal surface coverage, we employ a hydrophilic carrier. This
results in a structured surface for the prepared mixtures with higher wettability
that contributes to faster drug release without requiring surfactants. This
promises to even out differences in drug bioavailability when administered fasting
or with food since the concentration of surfactants in the gastrointestinal tract
highly depends on this aspect of administration.
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Digitalizovany systém tfidéni plastd a jeho podpora pomoci cileného znaéeni
L. Kubag!, R. Kofinkova?, D. Hausner?

1Centrum organické chemie s.r.o., Rybitvi
2Plastikdfsky klastr, Zlin

Uvod

Zrychlujici se tempo klimatickych zmén vyvoldva globalni potfebu inovativniho pfistupu
k fadé technickych otazek, které dfive byly feSeny jen okrajové. Zavadéni principl
cirkularni ekonomiky je nezbytnou soudasti feSeni jedné z dlleZitych otadzek, a to je
maximalniho zpétného zpracovani odpad(, véetné odpadl plastovych. Postupné jsou
zavadény automaticky fizené tzv. strojové tridirny plastového odpadu. Tato zména pfinasi
na jedné strané vyrazné omezeni manualni prace spojené s vysokymi naklady a rozsdhlou
potfebou zaméstndvani nekvalifikované pracovni sily, které na trhu prace ubyva. Na druhé
strané strojové tridéni odpadl prinasi vyrazné zvyseni efektivity provozu. Strojové tridirny
mohou pracovat nepfetrzité, jsou schopny vytfidit Fadové vyssi objem odpadu a vyrazné
tak vyrazné snizeni objemu tzv. vymétu, tedy odpadu, ktery neni mozno dale recyklovat a
zatim je spalovan, i kdyZ se mnozi aktivity zamérené na jejich vyuZiti v jinych prdmyslovych
odvétvich. Soucasny systém tridéni zaloZeny na identifikaci jednotlivych druh( polymer(
vyuziva spektralni charakteristik v oblasti VIS a NIR. Jejich kombinaci je mozno vytfidit
prevazujici vétsinu plastU. Stavajici systém neni v soucasné dobé schopen vytfidit smérem
k recyklaci smésné polymerni vyrobky, vicevrstvé félie nebo obaly na potraviny, ve kterych
jsou kombinované rlizné typy polymerd. V soucasné dobé je tento typ odpad( vytfidén
jako nerecyklovatelny a vétsSinou spalovan. Zvyseni ucinnosti separace by mélo prinést
cilené znaceni markery, které jsou s polymery kompatibilni, jsou na bazi organickych
sloucenin pripravenych z obnovitelnych zdrojd, a vyrobitelnych v EU. Tyto markery nesmi
ovliviiovat vizudIni prvek obald, jejich stabilita musi odpovidat potfebdm recyklaéniho
cyklu a nesmi mit zadny vliv na mechanické vlastnosti vyrobku a to ani v pfipadé
nasledného recykla¢niho procesu.

Metodika
V rdmci screeningu soucasné situace v oblasti tridéni plastl a prace srecyklaty byly
identifikovany tfi oblasti, ve kterych je v soucasné dobé zajem o pouZziti marker(:

1) Obaly na potraviny jsou vybaveny obtizné odnimatelnymi etiketami, které jsou
zaloZeny na jiné polymerni matrici nez tento obal. Potisk markeru na etiketu,
ktery je mozno provést pfri jeji vyrobé v primyslovych tiskarnach, by umoznil
v€asné vytfidéni tohoto odpadu. Nasledné je technologicky schlidné navrhnout
oddéleni obou typtl polymer( od sebe a jejich vraceni do recyklacniho fetézce.

2) Rada bariérovych félii nebo oballl je tvofena vrstvami rliznych typ@ polymerdi.
V soucasné dobé nelze tento typ odpadu vyuzit v recyklacnich technologiich, ale
Ize si predstavit jejich nasledné sekundarni vyuziti. V tfidicim procesu je vyhodné
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tento tytp odpadu odseparovat na zacatku tridiciho procesu. S ohledem na smés
rGznych polymernich materiall je tfeba provést znaceni, a to nejlépe ve hmoté.

3) Zpracovatelé recyklatl maji zajem o jejich znadeni, coz by umoziiovalo kontrolu
obsahu recyklatd v novych vyrobcich. Zavedeni marker(, které budou schopny
poskytovat reprodukovatelnou fluorescenéni odezvu, jejiz vySe by odpovidala
koncentraci recyklatd ve vyrobku, by umozZnilo kontrolu zda dany vyrobek nebo
vychozi granulat obsahuje deklarovany obsah recyklatu.

Vysledky

Byla navriena skupina organickych kolorantl na bazi ftalocyanind a perylend, jejichz
struktura byla upravena tak, aby jejich absorpéni maximum bylo posunuto na okraj
viditelného spektra a absorbované zareni emitovalo ve formé fluorescencniho zareni
v blizké infracervené oblasti 700 az 900 nm. Tak je zajisténo, Ze markery jsou ve vyrobcich
jen velmi omezené viditelné pouhym okem, avsak snadno detekovatelné jednoduchymi
spektralnim metodami tak, aby byla zarucena rychld odezva pfi separacnim procesu.
Pfiklad spektraln i charakteristiky testovaného markeru je na obr. 1.

Testované markery byly ovéreny po zapracovani do polyolefinickych substratl nebo ve
formé potiskl. Soucasné byly markery testovany pro znaceni polyesterovych pfizi a tkanin
pomoci tzv. disperzniho barveni.
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Obr. 1 Priklad spektralni charakteristiky markeru na bazi ftalocyaninu

Zavér
V laboratornim mérfitku byly navrieny organické markery pro znadeni recyklatl a

,,,,,

Systém je v soucasné dobé testovan z hlediska dlouhodobé stabiltiy a reprodukovatelnosti
tak, aby bylo mozno v nejblizsi dobé pfistoupit k provoznimu testovdni. Systém znaceni
recyklatd je vramci projektovych aktivit pFipravovan ve spolupréaci s primyslovymi
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subjekty, které zajistuji technickou podporu pro strojové tfidirny plastl a soudasné je
predmétem diskuse tak, aby vyhovoval legislativnimu rdmci i s ohledem na jeho
dynamické zmény.

Grantovd podpora

Tento projekt je spolufinancovan se statni podporou Technologické agentury CR v ramci
Programu Narodni centra kompetence (¢. projektu TNO2000051).
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SULPHUR VULCANIZATION OF RUBBERS
Kuta A.
University of Chemistry and Technology, Prague, Czechia

The discovery of vulcanization of natural rubber with sulphur was a crucial step for the
start of rubber industry. For mass production it was and still is desirable to improve the
vulcanization process and the properties of the resulting cured rubber. Initially, the
development was done by trial-and-error method. A more sophisticated approach, based
on efforts to understand the chemical nature of this process, gradually gained prominence.
However, vulcanization has proven to be a very complicated process and still remains a
significant scientific challenge. An overview of the current state of research results in this
area and the resulting potential for an approach to create tailor-made materials with a
lower environmental impact will be given.

This article was created with the support of the NCC for Industrial 3D Printing project, reg.

no. TNO2000033, which is co-financed with the support of the Technology Agency of the
Czech Republic under the National Centre of Competence programme.
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THE INFLUENCE OF ZINC COMPOUNDS ON VULCANIZATION
Cadek D.1, Manligovd E.%, Kuta A.
1 University of Chemistry and Technology, Prague, Czech republic

Zinc oxide is an important material in rubber industry, where it is used mainly as activator
of sulphur vulcanization. It cumulates in the environment and that becomes a problem
because it’s toxic for water organisms. That’s the reason why there is an effort to reduce
the amount of zinc oxide. This work focused on the activation of sulphur vulcanization by
zinc compounds. In addition to the commonly used zinc oxide and zinc stearate, other zinc
compounds were tested with different ratios of coactivator. The vulcanization behaviour
— course and kinetics was studied on the prepared mixtures, followed by the
determination of the crosslinking density of the vulcanizates.

Tento clanek byl vytvoren za podpory projektu NCK pro primyslovy 3D tisk, reg.

& TN02000033, ktery je spolufinancovdn se stdtni podporou Technologické agentury CR v
ramci programu Ndrodni centra kompetence.
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POSSIBILITIES OF 6PPD REPLACEMENT IN THE RUBBER COMPOUNDS
Balko J.1Kelemen P.%, Ku¢era M.1
1VUCHT, j. s. c. ; Nobelova 34, 836 03 Bratislava

6PPD (N-[1,3-dimethylbutyl]-N’-phenyl-p-phenylenediamine) is important constituent of
the rubber compounds. Itis distinguished by its excellent efficiency, because it acts as the
antioxidant and antiozonant simultaneously. This advantage motivates its worldwide
application.

However there are serious signals indicating the toxicity of this substance and mainly the
quinone formed by its oxidation. The proven toxic effect on the Coho salmon gave the
first alert. Following extensive research have shown adverse effects on the nerves, heart,
lungs or intestines of the fishes and mammals. The abrasion of tyres is considered for the
main source in the environment.

The negative effects motivated the search for the alternative antioxidant / antiozonant.
Following strategies are applied:

1. Design of structures preventing to the formation of the toxic quinones

2. Modification of rubber compounds by the reinforcement with carbon nanotubes, which
enables to apply less efficient but ecologically safe antioxidants

3. Application of antioxidants of the native origin.

DUSLO is important producer of 6PPD and the issues related to the potential toxicity of
this substance motivate the company to join the effort in the looking for the alternative.
VUCHT, the daughter company of Duslo, has potential to design the structure replacing
6PPD and develop the technology of its production. The cooperation with the rubber
compounders is necessary to achieve successful transition from the 6PPD to the less
harmful alternative.

156



TREATISE ON DEVULCANIZATION OF WASTE RUBBER
Z. Hrdli¢ka
Department of polymers, University of Chemistry and Technology, Prague

The ever-increasing amount of rubber waste is a global problem of today. Annual
consumption of natural and synthetic rubber has exceeded 30 million tonnes. 60 to 70%
of this amount is used for tyre production, the rest for manufacture of hoses, belts,
gaskets, footwear, latex gloves, etc. Rubber waste therefore comes mainly from discarded
tyres, the annual global increase being around 20 million tonnes. Rubber cannot be
recycled easily because it is constituted of rubber chains which were crosslinked to form a
spatial network during the vulcanization, becoming insoluble and infusible. Reclaiming
process has been conducted for more than 150 years, consisting in scission of both
crosslinks and rubber main chains, which leads to rubber degradation, however. Thus, the
crucial issue of rubber recycling is to find the way how to cleave the crosslinks only,
without cleaving rubber backbones; in other words, to explore the ways of
devulcanization. Various methods of devulcanization have been developed but they have
not reached global application yet. The paper brings on overview of the existing and
perspective devulcanization methods. It also focuses the assessment methods of
devulcanization efficiency.

157



USE OF WASTE LIGNIN FOR MODIFICATION OF CONIFEROUS WOOD TO INCREASE FIRE
RESISTANCE

Holecek T.1, Hajkova K.2, Sedivka A2

Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Kamyckad
129, 165 00 Prague, Czech Republic

In current ecological and circular economic trends, emphasis is placed on recycling and
innovative use of waste materials from industrial production. Waste black liquor or waste
cook acid from pulp production, rich in lignin, represents one such material offering
significant potential for ecological utilization. This paper explores waste cook acid and
alkaline waste black liquor for wood impregnation to enhance fire resistance and optimize
its properties for further processing. We focus on analyzing the total combustion heat,
where for reference spruce, a combustion heat of 19.58 MJ/kg was measured, with
impregnation by waste sulfite acid estimated at 19.14 MJ/kg and by waste kraft black liquor
estimated at 18.39 MJ/kg, resulting in a 6% decrease, similar trends were observed in pine
wood. Other parameters monitored include the properties of the wood surface and the
rate of smoke production in case of fire. Lastly, the ability of the lye to bind to the wood
was observed. The aim is to demonstrate that these waste acids and liquor can be used
without additional modifications, representing a benefit not only for the wood processing
industry but also for ecology and the support of circular economy principles.
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RECENT PROGRESS IN POLYESTER AND POLYAMIDE NANOCOMPOSITES WITH 2D
FILLERS

UFi¢ar )., Reinsteinova L.}, BeneSova V.!, Brozek J.!

1Department of Polymers, Faculty of Chemical Technology, University of Chemistry and
Technology, Prague, Czech Republic

Industry 4.0 puts increasing demands on materials properties. Therefore, many
researchers are focused on the development of materials with enhanced properties by the
addition of various fillers, including 2D nanofillers with high surface area and other
superior properties. This is possible due to the recent progress in synthesis of 2D materials
in medium-scale quantities. This work presents the latest research on polyester and
polyamide nanocomposites with 2D fillers and compares their properties with larger fillers
with corresponding elemental composition (e.g. graphene to graphite).

Acknowledgement:

This work was supported from the grant of Specific university research — grant No
A1 _FCHT_2024_002 and grant No A2_FCHT 2024 _011.
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NANOSTRUCTURED Cu/PEN COMPOSITE: LASER-TEXTURED SURFACE AND
ANTIBACTERIAL POTENCIAL

Pryimakovd, J.1; Hryhoruk, M. !; Vesely, M.%; Vokatd, B.3; Hubadek, T.% Siegel, J.1

1 Department of Solid State Engineering, University of Chemistry and Technology Prague,
166 28 Prague, Czech Republic;

2 Department of Organic Technology, University of Chemistry and Technology Prague, 166
28 Prague, Czech Republic;

3 Department of Microbiology, University of Chemistry and Technology Prague, 166 28
Prague, Czech Republic;

4 Biology Centre of the Czech Academy of Sciences, SoWa National Research
Infrastructure,, 370 05 Ceské Budejovice, Czech Republic

With polymeric materials finding increasing utility across various industries, the demand
for precise preparation methods and tailored properties is paramount. In this study, we
engineered the surface of polyethylene naphthalate (PEN) by incorporating copper
nanowires, achieved through a process involving KrF excimer laser treatment to induce
coherent ripple patterns on the PEN surface, followed by copper deposition via vacuum
evaporation. Surface characterisation using atomic force microscopy and scanning
electron microscopy unveiled the morphology of the resulting nanostructures, while
energy dispersive spectroscopy and X-ray photoelectron spectroscopy elucidated the
distribution of copper within the nanowires and its gradual oxidation. The hydrophobic
character was evaluated using the sessile drop method, crucial for exploring biological
responses. The antibacterial efficacy of the copper nanowires against E. coli and S. aureus
was demonstrated by a 24-hour incubation and drop plate test. Our findings highlight the
efficacy of combining laser surface texturing and vacuum evaporation as a straightforward
approach for fabricating copper/polymer nanocomposites, holding promise for
bioapplications. However, it's noteworthy that significant post-deposition oxidation of the
copper nanowires occurs, potentially paving the way for novel biological applications.

This work was supported from the grant of Specific university research — grant No.
A2_FCHT_2024_032.
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SYSTEM FOR REDUCING THE ENVIRONMENTAL IMPACT OF RUBBER WASTE PROCESSING

Samiecova K.
LAVARIS, s.r.o., LibCice nad Vitavou-Vodochody

The project aims to create a robust recycling system for rubber waste and its digital
counterpart, focusing on optimizing recyclate quality while minimizing environmental
impact, including the recycling of waste textiles from End-of-Life Tires (ELT). Equipped with
advanced machinery and a responsive control system, the physical line will adapt recycling
processes based on sensor data. Data will be analyzed in a Cloud or On-Premise database
to meet specific customer needs. The digital twin will offer versatility throughout the line's
lifecycle.
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TESTING OF THE DESINFECTANT ACTIVITY OF COMPOUNDS BASED ON
BIODEGRADABLE OLIGOMERS

Baslerova N.%, Olejnik R.%, Pejchalova M.!

1Department of Biological and Biochemical Sciences, Faculty of Chemical Technology,
University of Pardubice, Pardubice, CZ
2Department of General and Inorganic Chemistry, Faculty of Chemical Technology,
University of Pardubice, Pardubice, CZ

The demand for disinfectants increased during the COVID-19 pandemic. However, their
overuse and misuse has also increased. This can exacerbate the problem of antimicrobial
resistance, but also have serious consequences for ecosystems and human health. An ideal
disinfectant should be effective at low concentrations, be safe for human health and be
effective against a wide range of micro-organisms. It should also be readily degradable,
environmentally friendly, and inexpensive to produce, which lactic acid biopolymers could
fulfil. Today, biopolymers are important mainly because they are renewable and non-toxic.
In a normal laboratory, the bacterial effectiveness of a disinfectant can be demonstrated
using the method described in the CSN EN 13727+A2 standard.

The first step was to determine the minimum inhibitory concentration (MIC) using the
dilution method in 24-well plates. The MIC was determined for four microorganisms -
Escherichia coli (CCM 4517), Staphylococcus aureus (CCM 4516), Pseudomonas aeruginosa
(CCM 7930), Enterococcus hirae (CCM 4533). Thirteen substituted lactyl lactates
synthesised at the Department of General and Inorganic Chemistry of the University of
Pardubice were thus tested. Only one of them was further tested according to the €SN EN
13727+A2 standard.

The most promising sample was tested according to CSN EN 13727+A2 standard in 1.5%
and 2% concentration. The 2% concentration of the tested substance was not effective
against Enterococcus hirae. At the same time, the sample was sent to an accredited EMPLA
laboratory. There, according to the standard CSN EN 13727+A2, the tested substance met
the requirements for reduction in a 3% concentration.

The tested sample shows a bactericidal effect even in a low concentration (3%) compared
to, for example, alcohol (30%) or povidone-iodine, which is typically produced in a

concentration of 7.5-10%.

This work was supported by TA CR, project GAMA2-02/004.
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NATURAL RUBBER VULCANIZATION ACTIVATED BY DIFFERENT TYPES OF ZINC OXIDE
Bfezina D.1, Cadek D.%, Kadefabkova A.:
1University of Chemistry and Technology, Prague, Czechia

Natural rubber is one of the most important materials in the rubber industry. Its most
important reaction is vulcanisation. To increase the speed and lower the temperature of
vulcanisation, special chemical compounds called activators are used. The most commonly
used activator for sulphur vulcanisation of natural rubber is zinc oxide. Zinc oxide has a
very good ability to activate vulcanisation at a relatively low cost, but its main
disadvantage is its toxicity to aquatic organisms. Zinc oxide is released into the
environment during the production, processing and use of the products (e.g. tyres). For
the cured rubbers, vulcanisation systems have been used which differ only in the different
types of zinc oxide used. The influence of particle size, particle size distribution, specific
surface area and particle morphology on vulcanisation and cured rubber properties was
studied. Rubber vulcanisation kinetics and cross-link density of cured rubbers were
investigated. Mechanical properties such as tensile strength and hardness were also
evaluated.
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RECYCLING OF PTFE WASTE PRODUCTS

Foitlova A.%, Melichar J.1, Mészaros M. %, Steiner V. !
1SVUM a.s., Celdkovice, Czech Republic

Nowadays, general emphasis is placed on the recycling of metallic and non-metallic
materials, which is an important step towards the sustainability of natural resources and
environmental protection. Recycling makes it possible to reduce costs in the production
of new products and reduce the environmental burden. Poly(tetrafluoroethylene) (PTFE)
is a polymer with exceptional properties, thanks to which, in combination with fillers (e.g.
glass fibers, bronze powder, graphite, etc.), it finds a unique position in the industry as a
material for e.g. tribological components. It is conventionally processed by pressing,
sintering and then machining to final dimensions. During production, a large amount of
chips is produced, which end up in the waste, as well as possible scraps or products at
end of life. Recycling methods based on depolymerization or gamma ray irradiation are
highly uneconomical and unfeasible for most companies. Since PTFE is very stable, the
method of crushing and pulverizing into very small particles with dimensions close to
PTFE raw material and their repeated use in production appears promising. To use this
method, it is necessary to determine the optimal parameters of mechanical recycling,
processing and verification of final properties.

In this work, several grinding processes for PTFE-based waste products for recycling were
tested. The particle size of the recycled material was verified using microscopy and the
purity was verified using differential scanning calorimetry. Different ratios of recycled
material to the original mix have been proposed. The recycled material was mixed with
the original raw material and the resulting mixtures were checked for homogeneity. In
the end, a proposal for a technological procedure for the processing of mixtures, the so-
called resintering, was carried out.
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GRINDED WALNUT SHELLS AS RUBBER FILLER
Kadefabkova A.l, Ottova R.!
1UCT Prague, Prague, Czech Republic

The pressure to use raw materials from renewable sources in rubber industry is increasing.
This study is focused on the use of grinded walnut shells as a filler in natural rubber blends.
Now walnut shells are an effective natural abrasive in sandblasting, polishing, and cleaning
of hard materials such as metal, carbon fiber or concrete and walnut shell powder has
cosmetics applications, mainly as an exfoliant.

The rubber blends were prepared with 3 different concentration of walnut shell powder.
To comparison was prepared another set of blends with common filler calcium carbonate
and also unfilled rubber blend. In these blends, the influence of filler on the course of
vulcanization and properties of the vulcanizates has been monitored. An extrusion test
was performed using a single-screw extruder.

This article was created with the support of the NCK project for industrial 3D printing
reg. N. TNO2000033, which is co-financed with the state support of the Technology Agency
of the Czech Republic as part of the program of the National Center of Competence.
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BIOPOLYMER-BASED FDM 3D PRINTING
Machackova J., Nevyhosténa M., Matzick K., Komersova A.

Department of Physical Chemistry, Faculty of Chemical Technology, University of
Pardubice, Pardubice, Czech Republic

FDM 3D printing technology is gaining ground only slowly in the field of preparation of
pharmaceutical forms. The use of its potential is limited by the high demands of the
pharmaceutical industry. Although the selection of input raw materials is limited by this,
filaments (feedstock for a 3D printer) can be made from materials already introduced in
the production of dosage forms and used to print dosage forms with various dissolution
properties. In addition, by combining different filament components, the properties of the
products can be optimized and a specific dissolution profile can be targeted. Therefore, the
product can be individually tailored to the patient's needs not only on the basis of dosage
form geometry. Some components can enable or improve the processing of other raw
materials the introduction of which would otherwise be accompanied by technical
problems or is not completely suitable for FDM 3D printing. We, therefore, deal with the
optimization of the composition of the filaments and the conditions of their preparation
with the aim of designing ones from which it will be possible to print pharmaceutical forms
based on an easily editable CAD model. For 3D-printed forms, we monitor the dissolution
properties with regard to the pH of the environment to which these forms are exposed
after administration.

The authors thank for financial support of the Ministry of Education, Youth and Sports of
the Czech Republic (project SGS 2024_ 007).
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DETERMINATION OF THE ANTIMICROBIAL EFFICIENCY OF COATINGS BASED ON
ACRYLATE LATEXES WITH DISPERSED NANOPARTICLES OF CONDUCTIVE POLYMERS AND
SELENIUM.

Pejchalova M., Kalendova A.2, Bostikova K. 2

1 Department of Biological and Biochemical Sciences, Faculty of Chemical Technology,
University of Pardubice, Studentskd 573, Pardubice 53210, Czech Republic,

2 Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical
Technology, University of Pardubice, Studentskd 573, Pardubice 53210, Czech Republic,

This work discusses the antimicrobial effectiveness of polyacrylate coating films containing
selenium nanoparticles, conductive polymers and other nanoparticles depending on their
chemical composition and concentration. First, an ecologically sound binder based on
acrylate monomers was prepared using the emulsion polymerization technique, for which
the basic characterization of its properties was evaluated. The stability of the colloidal
system was determined. In addition, model coatings containing nanoparticles of ZnO,
La203, ZnSe, SeO2 and conductive polymers, polyaniline phosphate and polypyrrole
phosphate were prepared. Model paints were applied to glass and steel panels and their
physical-mechanical, chemical and corrosion resistance was tested. To determine the
antimicrobial properties, loose films were created by pouring paint materials into silicone
form, from which test squares were subsequently made for antimicrobial testing. The
antimicrobial performance of the coating films was evaluated using the 1ISO 22196 method
and two bacterial strains, Staphylococcus aureus and Escherichia coli, were used. The
results of individual tests show that all coating films were very flexible, there was no
damage or cracking, they were also relatively shiny, not too hardness and resistant to
chemical agents. Coating films containing ZnSe and SeO2 nanoparticles were resistant to
corrosion. From the results of the antimicrobial activity assesment , the samples with the
content of ZnSe and SeO: nanoparticles met the parameters given by the I1SO 22196
standard.

Acknowledgment: This work was supported by the Ministry of Education,
Youth, and Sports of the Czech Republic as targeted support for specific university
research (grant numberSGS_2023_005).
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COMPOSITE MATERIALS WITH ANTIMICROBIAL PROPERTIES BASED ON
BIODEGRADABLE POLYMERS

Skrlova K., Zdgora J.}, Hole$ova S.%, Placha D.!

1vSB-Technical University of Ostrava, CEET, Nanotechnology Centre, Ostrava, Czech
Republic

Biodegradable polymers have been developed as an alternative to non-biodegradable
polymers and are used in a variety of applications, including food packaging, food
containers, farming films, garbage bags, for filtration devices, hygiene and protective
clothing. They are of great importance in the biomedical field for use in drug delivery
systems, wound healing products, and surgical implant devices such as stents and others
[1,2]. Their significant advantage is the ability to biodegrade into non-toxic small molecules
in the presence of microorganisms and hydrolytic enzymes but also by simple chemical
hydrolysis. In this work two groups of (nano)composite materials with antimicrobial
properties based on biodegradable polymers will be presented. Polylactic acid and
polycaprolactone were used to prepare (nano)composites with modified vermiculites,
inorganic nanoparticles (Ag and ZnO) and graphene oxide. Antimicrobial properties against
selected microorganisms and degradation behaviour were tested. The primary intention
was to use the materials for the production of stents applicable in the digestive system,
but they are considered multifunctional materials with a higher spectrum of uses [3,4,5].

[1] Samir, A., Ashour, F.H., Hakim, A.A.A. et al., npj Mater Degrad 6, 68 (2022).

[2] Zhong, Y., Godwin, P., Jin, Y. et al., Adv Ind Eng Polymer Res 3, 1 (2020), 27-35.

[3] Skrlova, K., Rybkova, Z., Stachurova, T. et al., Polymer Testing, 116 (2022), 107760.

[4] Stachurova, T., Rybkova, Z., Skrlova, K. et al., Frontiers Microbiol., 13 (2022), 1031783.
[5] Hole$ova, S., Cech Barabaszova, K., Hundakova, M. et al., (2023),
https://www.researchsquare.com/article/rs-3125078/v1.

This work was supported as part of the project No. CZ.02.01.01/00/22_008/0004631
,MATUR" within the JAK Operational Program financed by the EU and the state budget of
the Czech Republic and by project DP 011 Nanofibrous and polymeric materials with
antimicrobial protection solved within the framework of the National Competence Centre
Polymers for 21st century, TA CR, no. TN02000051.
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KOMPOZITY BAKTERIALNi CELULOZY A POLYPYRROLU PRO UCINNE ODSTRANENI
SESTIMOCNEHO CHROMU

StFiz R.%, Minisy |. M.2, Bober P.2, Taboubi 0.2, Smilek J.3, Kovalcik A.

1Ustav chemie potravin a biotechnologii, Fakulta chemickd, VUT v Brné, Brno, CR
2Ustav makromolekuldrni chemie AV CR, v. v. i., Praha, CR
3Ustav fyzikdIni a spotfebni chemie, Fakulta chemickd, VUT, Brno, CR

Sestimocny chrom je dilleZitou surovinou pii zpracovani kovd, kiize nebo chemikalii. Jeho
toxicita je véak problémem nejen pro Zivotni prostiedi, ale i pro ¢lovéka. Sestimocny chrom
je prokazanym plvodcem rakoviny plic a fady dalSich zdravotnich problému. Z tohoto
dlvodu je pouZiti Setimocného chromu limitovano evropskou smérnici 2002/95/ES.

V soucasné dobé existuje poptavka po biopolymernich nebo biokompozitnich materidlech,
které by Slo vyuzit pro Cisténi odpadnich vod. Tyto materidly jsou totiz biodegradabilni,
netoxické a nezavislé na ropnych zdrojich. Jednim ztakto vyuZitelnych materidld je
bakterialni celuléza. Jeji vyhodou je mozZnost ji pfipravit s vyuZitim odpadnich zdrojud. Je
produkovana extraceluldarné a mnoha bakterialnimi kmeny, cozZ z ni Cini relativné snadno
dostupny material. Jedna se o vysoce porézni material vhodny pro adsorpce. Pro adsorpci
kovovych iontl je vsak tfeba modifikovat povrch BC.

Jednim z vhodnych adsorbentl je polypyrrol. Jde o jeden z nejstudovanéjSich vodivych
polymerU s vyuZitelnosti pro Cisténi vod. Standartné se vsak vyskytuje a je pfipravovan
v praskové formé, kterd neumozriuje snadnou separaci z Cisténé vody. Z tohoto divodu
jsou pripravovany nosice polypyrrolu ve formé aerogelli nebo kryogel(.

V této studii byly pfipraveny kompozity BC a polypyrrolu, které byly pouzity pro adsorpci
Sestimocného chromu. Kompozity byly nasledné charakterizovany z hlediska
morfologickych, reologickych a adsorbcnich vlastnosti. Dale bylo prokazano, Ze tyto
kompozity jsou vhodné pro fotokatalytickou redukci toxického Sestimocného chromu na
chrom trojmocny.

Tato prdce byla podporena vnitinim projektem VUT v Brné FCH-S-24-8597.
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DEVELOPMENT OF BIODEGRADABLE MATERIALS BASED ON STARCH WITH NATURAL
FILLERS

Valiyev V.1, Cadek D.1
1University of Chemistry and Technology, Prague, Czech Republic

Plastics nowadays are widespread in almost all spheres of human activity. Manufacturing
of them is 99% based on fossil fuels. Unfortunately, that resource is known to be non-
renewable. Besides that, weak point plastics based on fossil fuels have another critical
disadvantage as sluggish decomposition for hundreds of years. This causes irreversible
damage to the environment, because of plastic pollution all around the world. Thus, to
reduce the negative influence of plastics on the environment, we have proposed the
development of a material based on starch, which is biodegradable, and it is one of the
most abundant polysaccharides on the planet. In this work, the structure and
characteristics of starch and its modification with biodegradable fillers will be introduced.
Through further processing, raw starch can be transformed into thermoplastic starch
(TPS). During the material development procedure considering adding the following
biodegradable fillers (BF), sourced from different spheres of industry which are popular
not only in Czech Republic but also all around the world such (sugar beet pulp, winery
wastes grape pomace (GP) and barley pulp (BP) from brewery spent grain (BSG). The
optimal conditions for the modification process and the ratio of the initial components
were determined. Obtained material could have promise for applications in various fields
such as biomedical, packaging, agriculture etc.

Key words: thermoplastic starch, biodegradable filler, sugar beet pulp, grape pomace,
barley pulp, brewery spent grain.
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SYSTEMATIC ASSESMENT OF LIGNIN SOLUBILITY FOR NANOPARTICLE PREPARATION
FROM VARIOUS SOURCES

Vostrejs P., Hruskova L., Kovalcik A.
Faculty of Chemistry, Brno University of Technology, Purkyriova 464, 612 00 Brno, CZ

Lignin, is one of the most abundant biopolymers on Earth, primarily arises as a by-product
within the pulp and paper industry. Despite its prevalence, lignin is underutilized, lacking
value-added applications. Nevertheless, lignin holds significant promise for diverse
applications owing to its distinctive aromatic structure and properties, including
antioxidant potential and UV shielding capabilities.

Understanding lignin’s type, structure, and properties is crucial for its optimal utilization.
Of particular importance is the assessment of lignin solubility, a property often evaluated
through Hansen solubility parameters (HSP). Utilizing graphical methods, HSP aids in
identifying suitable solvents for lignin.

This study focuses on characterizing various lignin types acquired through different
extraction methods (Kraft, Organosolv, Alkali, Soda). Determination of HSP facilitates
solvent selection for lignin nanoparticle synthesis. Dimethyl sulfoxide exhibited the
highest solubility for isolated lignin, while a tetrahydrofuran-water mixture showed
promise for nanoparticle preparation. Various nanoparticle preparation methods and the
impact of lignin concentration on particle size and stability were evaluated. Nanoparticles
smaller than 50 nm were synthesized, with dialysis yielding more stable particles and
decreasing lignin concentration, resulting in diminished particle size.

The primary objective was to fabricate lignin nanoparticles with potent antioxidant
properties, which were assessed via the ABTS radical scavenging assay. Comparative
analysis revealed significant variations in antioxidant activity among lignin sources,
underscoring the importance of source-specific considerations. Given the distinct physical
and chemical attributes of lignin from different sources, the selection of a particular lignin
type becomes imperative for specific applications.

The presented work was supported through the internal Brno University of Technology
project FCH-5-24-8526.
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Vyvoj odvétvi chemického priimyslu (CZ-NACE 20) v Ceské republice za obdobi 2020-
2022

Kotatkova Stranska P., Kostalek J., Soucek, I.
Vysokd skola chemicko-technologickd (ustav ekonomiky a managementu), Praha, CR

Pozice odvétvi chemického primyslu (CZ-Nace 20) je vyjimecna v tom, Ze zasahuje svou
produkci do témérF vSech oblasti ekonomiky.

Odvétvi chemického priimyslu (CZ-Nace20) Ceské republiky se vroce 2020 potykal
s vyznamnym poklesem vykonnosti, pfiblizné 25,3 % oproti roku 2019, v oblasti produkce
spojenych s ptijatymi omezenimi, jejichZ cilem bylo omezit Sifeni viru SARS-CoV-2. Dalsi
vyznamny pokles odvétvi zaznamenal v roce 2020, kdy odvétvi vykazalo ztratu ve vysi 2,96
mil. K. Naopak v investicich dochazi k mirnému ristu, a to pfiblizné o 5,98 % v roce 2020
oproti roku 2019. Naopak rok 2022 ptinasi obrat, kdy produkce vykazuje vyrazny rist, a to
pfiblizné 0 31,9 % oproti roku 2021.

Pfispévek je zaméren na vyvoj vybranych financnich ukazatelll a vyvoj zaméstnanosti
chemického primyslu ve srovnani s celkovym zpracovatelskym primyslem za obdobi
2020-2023.
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Analyza zahraniéniho obchodu komodit z chemického primyslu Ceské republiky
s vybranymi zemémi za obdobi 2019-2022

Kotatkova Stranska P., Kostalek J.
Vysokd skola chemicko-technologickd (ustav ekonomiky @ managementu), Praha, CR

Bilance zahrani¢niho obchodu Ceské republiky vykazuje vramci sledovaného obdobi
pasivni saldo. V roce 2019 vykdzala Ceska republika pasivni saldo se zemé&mi EU v hodnoté
pfiblizné minus 97,1 mid. K¢, oproti roku 2022, kdy bilance dosahla hodnoty minus
89,8 mld. K¢&. PricemZz nejvyznamnéjsi propad bilance byl zaznamenan v roce 2020.
Nejvyznamnéj$im a nejvétiim partnerem vramci zahraniéniho obchodu s Ceskou
republikou je Némecko, déle Cina a Francie. Nepfiznivy vysledek na stav zahraniéniho
obchodu ma obchod s ropou, zemnim plynem a zakladnimi kovy.

Ptispévek je zaméren na analyzu zahrani¢niho obchodu komodit z chemického primyslu
Ceské republiky s vybranymi zemémi za obdobi 2019-2022. Analyza se zaméfuje na
meziro¢ni porovnani vyznamnych komodit chemického primysl pro zahrani¢ni obchod
s Némeckem, Ruskem, Cinou, Ukrajinou, Tureckem a Visegradskou ¢tyfkou.
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IMPACTS OF CLIMATE CHANGE ON CHEMICAL ENTERPRISES
Vavra J., Lochmanova N.
University of Pardubice, Pardubice, Czech Republic

Climate change is becoming an undeniable fact and affects every individual, the public and
industrial enterprises. Rising temperatures caused by greenhouse gas emissions create a
number of direct impacts on the operations of industrial enterprises and force them to
respond to changing climate conditions. Deterioration of access to quality water,
protection against extreme manifestations of climate change in the form of floods,
extreme wind or long-term tropical temperatures, forces management to introduce
mitigation and adaptation measures to climate change at the corporate level. In addition
to the costs of decarbonisation of industry and the obligation to purchase emission
allowances, a considerable part of the funds must therefore be spent on the direct effects
of climate change. The degree of threat from climate change and the impact of adaptation
measures on the economic performance of industrial enterprises was mapped by
qualitative research in a selected chemical enterprise. The fundamental consequences of
climate change for industrial enterprises were identified, as well as the adaptation and
mitigation measures being adopted.

Projekty napliujici cile udrzitelnosti a prechod na cirkularni ekonomiku v podminkach
chemického primyslu
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PROJECTS FULFILLING THE GOALS OF SUSTAINABILITY AND THE TRANSITION TO A
CIRCULAR ECONOMY IN THE CONDITIONS OF THE CHEMICAL INDUSTRY

Strachotova D.%, Kutnohorska O.*
1University of Chemistry and Technology Prague, Prague, Czech Republic

Abstrakt

The term sustainable project has been commonly used for a very long time. However, a
project focused on sustainability, i.e. the circular economy, is something else. In practice,
this connection occurs for a significantly shorter period of time. And that is the focus of
this post. In it, the authors build on their previous qualitative research characterizing the
impact of the bio-base / circular economy on chemical companies. This contribution
summarizes the findings of the transition from a linear to a circular economy with the aim
of enhancing competitiveness for chemical enterprises. It will be a guide to the concept of
a corporate project system focused on the principles of "green chemistry" and the process
of integration into the circular economy.
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DIGITAL WELL-BEING AND THE TOOLS TO MAINTAIN IT

Botek M., Charvatova D., Diaz M.

University of Chemistry and Technology, Prague

Occupational health and safety is an issue that every company in the European Union has
to address. In the Czech Republic, this is an area on which over 70 laws, decrees, and
government regulations have been published since 2000 alone. While the original focus of
OSH was mainly on the protection of physical health, over time it has also become oriented
towards mental health. In 2018, ISO 45 001 came into force, which added physical and
mental well-being into the OSH management system. However, digital wellbeing, i.e. the
ability to use digital tools and social networks in a way that does not limit one’s personal
life in the real world, has not yet been considered.

This paper focuses on defining the concept of digital wellbeing, the requirements for its
legislative anchoring or inclusion in company regulations, and introducing selected tools
for maintaining digital wellbeing.

The paper is based on a search and analysis of mainly legislative documents and standards
valid in the Czech Republic and the EU. The need for more precise anchoring of digital
wellbeing was monitored in an international questionnaire survey and the obtained
outputs were refined by in-depth interviews.

Neither the ISO 45 000 series nor other applicable legislative documents in the Czech
Republic explicitly mention digital wellbeing. However, there are already several countries
in the EU that have legislated the right to disconnect (one of the essential components of
digital wellbeing). Maintaining digital wellbeing is therefore currently dependent on
informal agreements or formalised policies that each company sets at its own discretion.
Digital wellbeing is likely to be one of the areas of focus for OSH in the near future. It is
therefore worthwhile to start addressing it in workplaces of all kinds, especially in
positions where hybrid working is possible.

The paper draws on insights gained through work on the Erasmus+ project 2021-1-
SKO1KA220-HED-000032017.
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VYZKUM INFORMACNICH POTREB VYBRANYCH SKUPIN EXTERNICH STAKEHOLDERU
PRO POSOUZENi REPUTACE CHEMICKEHO PODNIKU

Gorcik M., Jelinkova M.
Univerzita Pardubice, Fakulta chemicko-technologickd, Pardubice, Ceskd republika

Prispévek vyzdvihuje duleZitost cilené firemni komunikace vGc¢i rlznym skupindam
stakeholderd pfi vytvareni pozitivni reputace podnik(l. Jsou prezentovany vysledky
primarniho kvantitativniho vyzkumu, jehoz zakladnim cilem bylo zjistit, jaké informace
jsou pro verejnost v roli rdznych skupin externich stakeholderl chemického podniku
dllezité pro posouzeni reputace tohoto podniku a jaké informacni kandly jsou pro
respondenty pro ziskani téchto informaci preferované. Vyzkum byl pfipraven na zakladé
reSerSe odborné literatury mapujici predpokladané zdroje €i nastroje pro vytvareni
reputace podnikl a také identifikujici nejvyuzivanéjsi firemni komunikacni kanaly pro
komunikaci podniku s vefejnosti. Setfeni potvrdilo predpoklad, 7e se informaéni potieby
mezi rlznymi zkoumanymi skupinami externich stakeholdert [isi. Vysledky vyzkumu
poskytuji chemickym podnikim efektivni navod pro specifické cileni jejich komunikace na
razné skupiny stakeholder( s vyuzitim vhodnych informaci Sifenych jimi preferovanymi
informacnimi zdroji.
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COLLABORATION IN ENHANCING THE SUSTAINABILITY OF PACKAGING FOR CONSUMER
CHEMICAL PRODUCTS

D. Vognarova?, L. Branskd?, M. Patdk3

123University Pardubice, Faculty of Chemical Technology, Department of Economy and
Management of Chemical and Food Inddustries, Pardubice, Czech republic

Introduction

Industrial enterprises, including those in the chemical industry, undertake various
activities to enhance the sustainability of their operations. One area they focus on is
packaging. Sustainability of packaging is improved through various means, such as
changing packaging materials, shapes, or designs, as well as managing packaging inventory
and replenishment methods. While these changes in packaging can be pursued
independently, enhancing the efficiency of proposed changes is achievable through
collaboration with stakeholders of the company, particularly packaging suppliers.
Collaboration can be developed both at a strategic level, involving packaging design, and
in the current procurement of packaging. This article explores the forms of collaboration
currently practiced in both of these areas, specifically in relation to packaging for
consumer chemical products.

Methodology

The article presents the results of qualitative research conducted in companies purchasing
packaging for their own products, specifically consumer chemical products. The research
was carried out through personal interviews based on a predefined questioning scenario.
The study examined trends influencing packaging management, the packaging design
process, as well as the forms, methods, and approaches used in packaging inventory
replenishment.

Results

The article presents the findings of the qualitative research, focusing on the current forms
and methods of collaboration between companies and their suppliers, both at the
strategic and tactical-operational levels. The research results are compared with
theoretical insights in this field, than areas of collaboration issues are identified and
recommendations for improvement are proposed.

Conclusion

The research findings, conclusions drawn, and recommendations provided in the article
can contribute to the enhancement of sustainable packaging for consumer chemical
products.
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UTILIZING MULTI-CRITERIA DECISION ANALYSIS FOR NATURAL GAS DEHYDRATION
OPTIMIZATION

M. Mécova, J.S. Detko, D. Kraviarova, J. JanoSovsky

Institute of Chemical and Environmental Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak Republic

Multi-Criteria Decision Analysis (MCDA) is a powerful tool for decision-making in industry
due to its ability to consider multiple factors simultaneously, providing a more
comprehensive and structured approach. MCDA allows decision-makers to systematically
evaluate alternatives, weight their importance, and generate well-informed decisions.
Additionally, MCDA provides a sensitivity analysis framework, enhancing risk management
and strategic planning.

The paper focuses on using MCDA in the reconstruction of a natural gas (NG) dehydration
unit that removes water through absorption using triethylene glycol (TEG) as a solvent.
There is an effort to reduce CO: emissions and improve economic viability while
regenerating TEG through either distillation or stripping. Our study presents four
operating options for the system. The conventional method (CM) uses 1500 kg/h of TEG.
Two additional methods enhanced by NG stripping reduce TEG consumption to 1000 kg/h.
NG is stripped to reboiler (SRM) and Stahl column (SSM). By investing in a smaller column,
TEG consumption can be further reduced by 500 kg/h in both SRM (SRMreg,s500) and SSM
(SSMreG,500). The methods are compared based on economic aspect quantified by the
specific product price (SPP), environmental impact by evaluating Eco-indicator 99 (EI99),
and flexibility for future possible higher mass flow of NG requirements.

If the main priority is economics, then SRM is the best-ranked option. SSMrec,s00, On the
other hand, has the lowest environmental impact and achieved the highest score in case
of environmental priority. If there are no specific criteria preferences, CM is ranked as the
best alternative followed by SRM and SSMres,s00 With a comparable rating. Changes in the
price of utilities, or emission allowances did not have any impact on the final ranking of
alternatives.

We acknowledge the financial support provided by Slovak Society of Chemical Engineering.
This study was supported by the Slovak Research and Development Agency under contract
no. APVV-18-0-134.
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BRIDGING THE KNOWLEDGE GAP: ASSESSING COMPETENCIES AND SKILLS FOR
TECHNICAL EMPLOYEES IN ECONOMIC AND MANAGEMENT SECTORS - A CASE STUDY
OF CHEMICAL AND FOOD INDUSTRIES IN SLOVAKIA

I. Katrenéik?®, M. Zatrochova?

1Slovak University of Technology in Bratislava, Institute of Management, Slovakia
2 Slovak University of Technology in Bratislava, Institute of Management, Slovakia

Uvod

This contribution aimed to determine the knowledge, abilities, and competency needed
for employees in technical domains in the economy and management sector. The research
concentrated on chemical production and the food business in Slovakia, monitoring three
groups of employees: food production manager, chemical production manager, and
operational section manager. These explorations are part of the research that is being
carried out as part of the development of an innovative model of education at the
technical university. Its findings are intended to help students develop a profile that will
be more applicable in practice.

Metodika

The initial phase of the study focused on analyzing the essential competencies,
professional knowledge, and skills needed for specific professions as outlined in state
registers such as the National System of Occupations and National System of
Qualifications. It also aimed to determine if university study programs in these fields have
fully incorporated the requirements set by industry experts in management and
economics.

The second phase of the study involved analyzing the needs of the business environment,
with a specific focus on medium-sized enterprises in the food industry. We surveyed
organizations with a turnover exceeding €50 million using a systematic questionnaire to
determine their specific labor needs, particularly focusing on economic and managerial
expertise requirements.

Vysledky

We discovered that while most fields we surveyed have these prerequisites in place, they
are primarily voluntary, with just a small number of students opting for these subjects.
Upon further examination, it was discovered that even in non-managerial fields such as
chemical and food technology (technologist, specialist, technician), there are
requirements for fundamental knowledge in economics and management in national
registers. However, the number of individuals completing education in these areas at
universities is minimal.

Over 32% of eligible food companies in Slovakia participated in the questionnaire. 43% of
firms believe it is crucial for technically oriented individuals to possess fundamental
understanding in economics, management, and marketing. The most commonly cited
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requirements were accounting, controlling, and budgeting. Employees prioritize past job
experience, practice, education in the industry, personal impression, and assign the least
significance for salary requirements.

Zavér

Our findings suggest a more integrated curriculum development method to ensure
university study programs meet industrial standards. Our research shows that state
registrations list critical competencies, but these requirements are generally considered
as voluntary, resulting in few students choosing disciplines that bridge technical and
managerial skills.The research found that universities need to deepen their collaboration
in curriculum development with practice and their needs. This is evidenced by the gradual
introduction of professional study programmes that are valued by practice and at the
same time the experience gained in them is deepened during the study in practice.

This study was funded by project KEGA research task no. 011STU-4/2022 "Creating a
model of education supporting the increase of competencies of students of a non-
economically oriented university in the field of innovative, entrepreneurial thinking and
business support" conducted at the Institute of Management of the STU in Bratislava.
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POTENCIONALNE DOPADY ENVIRONMENTALNEHO VZDELAVANIA NA ZELENU
EKONOMIKU

J.Salncil, A. Lisnik 1, M. Majernik?
1Slovenskd technickd univerzita v Bratislave, Bratislava, Slovensko

Uvod

Zelend ekonomika je ekonomika, podporujica ludskd prosperitu a socialnu rovnost za
st¢asného vyrazného znizenia environmentélnych rizik a ekologickych $kod. Skolské
vzdeldvanie v obalsti odpadového hospodarstav s akcentom na vdoua vodné
hospodarstvo ma okrem jadnostliivca vplyv aj an priemsel. Chemicky priemysel
spotrebuvava velké mnoZstvo vody. Poster identifikuje potencionalne dopady vzdelavania
na zvySovanie kvality Zivota a ich dopady na ekonomiku priemyslu.

Metodika
Predikovanie ekonomickych dopadov na zvySovanie kvality Zivota a na priemysel

(chemicky).

Vysledky
Ekonomické zhodnotenie dopadov eko vzdeldvanie na kvalitu Zivota a priemysel

Zaveér
Investovanie do oblasti vzdeldvanie prindsa okrem zvySovania kvality Zivota, lepSie

hospodarenie s prirodnymi zdrojmi aj na zvySovanie efektivity priemyslu.

Podporené z grantu: 023 STU-4/2023
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HOW HOST AND HOME COUNTRY INSTITUTIONAL COMPLEXITIES INFLUENCES CSR
ENGAGEMENT OF AN MNC: EVIDENCE FROM ESG DISCLOSURES OF A GERMAN
MULTINATIONAL CHEMICAL COMPANY AND ITS INDIAN SUBSIDIARY.

Prakash V.?
YUniversity of Pardubice, Pardubice, Czechia

In this globalized free trade era, cross-border CSR engagements of multinational
corporations have an overarching impact on societies, while ensuring their much-needed
legitimacy in host and home markets. In international business and business ethics
streams, many studies dealt with MNCs' responsibility practicesand the challenges
associated with the institutional duality they must address when operating in
environmentally dispersed markets with the same set of parental business values. A micro-
level study that discusses a particular MNC's difference in CSR engagement within its home
and host country is relatively scarce. This study is organized into two parts, the first
critically examines the institutional complexities prevailing in Europe and the Indian
business environment that shape specific CSR engagements and states a few propositions
based on that. In the next part, we test the validity of those propositions by pitching them
against real-life CSR business practice. We examine how institutional factors influence the
CSR engagement of a chemical company from Germany that has a fully-owned subsidiary
in India. Content analysis is employed on respective ESG reports released by the MNC on
their global website and the subsidiary's Indian website. A visible pattern and prioritization
in ESG disclosure were found in both reports, complementing the propositions. The
German parent company prioritized climate control, employee rights and governance
compared to its subsidiary in India, wherein the subsidiary gives more time, effort, and
money to community development causes. This study provides practical CSR engagement
insights for European chemical companies while operating in Indian markets.
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METHYLOMES OF CALDIMONAS THERMODEPOLYMERANS STUDIED WITH THE THIRD
GENERATION SEQUENCING PLATFORMS

K. Sedlar!, M. Umair?, |. Buchtikova?, M. Bezdicek?, S. Obruca?

1Department of Biomedical Engineering, Faculty of Electrical Engineering and
Communication, Brno University of Technology, Brno, Czechia

’Department of Food Chemistry and Biotechnology, Faculty of Chemistry, Brno University
of Technology, Brno, Czechia

3pepartment of Internal Medicine—Hematology and Oncology, University Hospital Brno,
Brno, Czechia

Genus Caldimonas presents, after several reclassifications proposed during the last two
years, a relatively diverse group of Gram-negative thermophilic bacteria. Special attention
is paid to C. thermodepolymerans species due to its polyhydroxybutyrate-producing ability
from xylose which is preferred by the bacterium over glucose. Only recently, we have
finished besides the type strain C. thermodepolymerans DSM 15344"s also genomes of
strains DSM 15264 and LMG 21645. Apart from minor differences in genome sequences,
we captured relatively major differences in methylated sites. Unfortunately, using older
Oxford Nanopore Technologies (ONT) Flow Cells R9.4.1 and chemistry did not allow us to
infer methylated sites with sufficient accuracy. Therefore, we decided to perform
resequencing of all three genomes with the newest ONT Flow Cells R10.4.1 and V14
chemistry allowing for much more accurate analysis. To further support the detection of
methylated bases, we additionally used the Pacific Biosience (PacBio) Sequel lle platform
for additional resequencing. Finally, we combined methylations detected by both
platforms while comparing epigenomes of particular strains.

This work has been supported by grant project GACR 22-10845S.
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IMPAIRED SOLVENTOGENESIS AS A RESPONSE TO LIGNOCELLULOSE INHIBITORS IN ABE
FERMENTATION

Branska B.!, Koppova K.!

1University of Chemistry and Technology, Prague, Czech Republic

ABE fermentation is a process that involves the production of solvents, namely acetone,
butanol, and ethanol, by a group of anaerobic bacteria known as solventogenic clostridia.
These bacteria were extensively utilized for industrial solvent production during the first
half of the 20th century. With the advent of the petrochemical industry, biotechnology-
based processes were not able to compete economically and nowadays there is no bulk
biotechnological production of ABE in the World. Recent shifts in ecological priorities and
a growing emphasis on sustainability have revived the potential for biotechnological ABE
production. However, only waste or side streams are considered viable substrates.
Lignocellulose biomass is a promising substrate option, but inhibitors released during its
pretreatment negatively impact solvent production and final titers. Inhibitors' presence
leads to an increase in acid production, causing media over-acidification, growth cessation,
and cell death. Despite numerous hypotheses attempting to explain this phenomenon,
none have been conclusively verified to date. Based on our collected data with the
Clostridium beijerinckii NRRL B-598 strain, both with and without the addition of inhibitors,
existing hypotheses will be discussed. Furthermore, a new hypothesis and potential
solutions to mitigate the negative impact of inhibitors will be proposed.

This work was performed thanks to the financial support of the project GACR 23-069418S.
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SUSTAINABLE LIMNOSPIRA MAXIMA (SPIRULINA) PHOTOAUTOTROPHIC CULTIVATION
USING ARTIFICIAL LIGHT SOURCES: THE INFLUENCE OF LIGHT SPECTRA AND INTENSITY
ON BIOMASS AND PIGMENT PRODUCTION AND COST

Vésquez C.>2, Lucdkova S.t, Musélkova P.>?, Muzika F., Branyikova I.!

nstitute of Chemical Process Fundamentals of the Czech Academy of Sciences, Prague 6,
Czech Republic

2Department of Biotechnology, University of Chemistry and Technology, Prague 6, Czech
Republic

Limnospira maxima is a cyanobacteria used as food and feed supplement and also as a
source of antioxidants and pigments for food industry. It also, serves as a model organism
for sustainable food production due to its high nutritional value and minimal
environmental footprint. This study investigates the influence of light quality on L. maxima
biomass and pigments production, such as c-phycocyanin, chlorophyll a, and carotenoids,
with a focus on optimizing cost efficiency of cultivation process, considering the artificial
illumination as the main operational cost. Series of experiments using different light
intensities (20 — 550 umol/m?/s) and different light spectral composition (day white, warm
white, red, yellow, green, and blue LED) were performed. The experiments revealed a clear
correlation between light intensity and culture productivity, with higher intensities leading
to increased biomass concentrations/productivity, in contrast, pigments content had a
maximum at moderate intensities and decreased when the high intensities were applied.
The dependence of biomass and pigment content and productivity on the different light
spectra tested was much less straightforward. The interpretation of these results is rather
complex due to their multiple outcomes. For instance, when the same light intensity of
different spectra was applied, the content of carotenoids was the highest for blue light
and the content of c-phycocyanin in all tested light colors did not show significant
differences. However, in terms of biomass and pigments productivity, blue light showed
the lowest values and therefore the highest energy and financial cost. In contrast, day and
warm white lights were found to be the most effective for biomass productivity and the
least effective for c-phycocyanin productivity and content, resulting in higher energy and
financial costs. However, in terms of pigments content, blue light was certainly showing
the best results. These findings provide information for optimizing biomass and pigment
production considering economic perspectives. Therefore, they can contribute to the
development of cost-effective and sustainable strategies for L. maxima cultivation.
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STRESS CONDITIONS INFLUENCING THE PRODUCTION OF MONASCUS SECONDARY
METABOLITES

Husakova M.}, Patakovd P.!
1University of Chemistry and Technology, Prague, Czechia

The Monascus fungi are ascomycetes known and used in Asian countries from ancient
times. A wide variety of secondary metabolites are synthesized by the species within this
genus, the most important are monacolins — the inhibitors of cholesterol synthesis,
pigments and mycotoxin citrinin.

In this presented work, we studied the impact of different conditions on secondary
metabolites production. Two monascal strains: Monascus purpureus DBM 4320 and
Monascus sp. DBM 4361, were cultivated in liquid media containing different
concentrations of NaCl and glucose. With the increasing salinity decreasing trends in
growth and production of pigments and citrinin were observed in both strains. In the case
of Monascus purpureus in the presence of both types of stressors, a smaller amount of
biomass was determined and the glucose as the carbon source was not fully consumed.
Unconsumed glucose was detected also at the second tested strain at the highest glucose
concentration (150 g/L). Monascus purpureus strain produced manyfold larger amounts
of secondary metabolites. In the presence of higher glucose concentrations, the aerobic
production of ethanol occurred. In the cultivation of Monascus sp. in the presence of
higher concentrations of NaCl, enhanced production of osmoprotective compound —
glycerol was observed. And the correlation between stress conditions and increased
production of mycotoxin citrinin has not been observed.
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BACTERIA IN PLANT GROWTH PROMOTION AND PROTECTION
Patakova P.}, Hasek T.%, Jandejsek 2.2

1Department of Biotechnology, University of Chemistry and Technology, Prague, Czech
Republic
2Rabbit a.s., Trhovy Stepanov, Czech Republic

The replacement of chemical fertilizers and pesticides and the transition to sustainable
plant agriculture requires a deeper understanding of interspecies relationships in nature,
including those between plants and microorganisms. Many plant-populating bacteria,
called epi- and endophytes, can promote plant growth as well as prevent the development
of plant diseases or prevent plant pests. The bacteria can thus be used in organic microbial
pesticides, fungicides and fertilizers. Useful properties of bacteria in this sense are the
production of enzymes such as chitinases, the formation of secondary metabolites
inhibiting fungal growth, the ability to produce plant hormones, the solubilization of
phosphates, the release of ammonium ions and others. The advantage of using bacteria is
also their ability to grow on agricultural and food waste substrates such as brewery mash,
whey, waste from animal production (feathers, meat separation residues, fish scales, etc.).
These wastes, after relatively easy pretreatment by hydrolysis under mild conditions (no
pressure, low acid or base concentration), can be used as a complex culture medium for
bacteria. The composition of the culture medium and the setting of culture conditions can
influence not only the growth of bacteria but also the production of desired metabolites
and enzymes. After cultivation, the whole medium together with the bacteria can be used
for application to plants. The concept of this bacterial utilization and at the same time
waste valorization within circular economy will be demonstrated with the example of the
endophytic bacterium Pantoea agglomerans DBM 3797, isolated from hops.

This work was performed thanks to the financial support of the project TACR TN02000044.
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EXTRACTS FROM PLANT MATERIALS AND EVALUATION OF THEIR BIOLOGICAL
ACTIVITIES

L. Cerna’, M. Bezdék?, E. Hromadkova?, A. Novotnal, V. Pavelkova?, K. Révayoval, K.
Kubrova?, A. Svobodova?, K. Thumova?, A. Massyagutova?, P. Kadtanek?, P. Lovecka!

1University of Chemistry and Technology, Institute of Biochemistry and Microbiology,
Prague, Czech Republic
2Ecofuel Laboratories s.r.o., Prague, Czech Republik

The aim of this contribution is a summary of the results and the methods used to measure
the biological activities of extracts from selected plant materials.

Natural substances have been used historically, for example, in traditional medicine. Their
main advantage is that they belong to easily renewable sources with a rich species
representation and a wide spectrum of biologically active substances. However, many
valuable properties of these substances remain undiscovered, or their effects remain
unclear. Extracts from natural substances are therefore still the subject of current
research.

The subject of the study was the preparation and testing of extracts from a total of 9 plant
species (Rosmarinus, Cupressus, Hippophae, Magnolia, Leuzea, Rhodiola, Trichilia,
Eleuterococcus and Calendula). Individual extracts were obtained using supercritical fluid
extraction (SFE), pressurized liquid extraction (PLE), standardized Harborne extraction
procedure of secondary metabolite, Soxhlet extraction, the two-phase extraction method
or leaching and preparation of tinctures, decoctions and infusions. The obtained extracts
were always evaluated by a battery of tests, based in principle on the determination of
activities that could be used in the treatment of the most common human diseases, such
as infectious or oncological diseases. Based on this assumption, the measurement of
biological activities mainly included methods for determining antimicrobial, cytotoxic,
anti-inflammatory, antioxidant, anti-diabetic, and acetylcholinesterase effects.

The conducted research summarizes and compares results from several years and
presents the best candidates who can contribute to finding an effective plant species or
biologically active substance with potential use in medicine.

Grant support: This work was financially supported by the Technological Agency of the
Czech Republic with the project no. TN020000044
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FROM WASTE TO WONDER: TRANSFORMING FEATHERS INTO NUTRIENTS USED FOR
MICROBIAL CALCITE PRECIPITATION

Stiborova, H. %, Klikova, K. 1, Ottova, H. !, Hole&ek, P.?, Nezerka, V.2, Demnerovj, K.?!

1 University of Chemistry and Technology, Prague, Faculty of Food and Biochemical
Technology, Technicka 3, 166 28 Prague 6, Czech Republic

2 Czech Technical University in Prague, Faculty of Civil Engineering, Thakurova 2077/7,
166 29 Prague 6, Czech Republic

The construction sector is a significant contributor to greenhouse gas emissions,
accounting for approximately 7% of worldwide CO2 emissions. Among these emissions,
the production of Portland cement represents the largest portion, at 80%. Consequently,
there are numerous challenges associated with recycling and treating the waste generated
during demolitions. In our previous experiments, we have identified that waste concrete
fines (WCF) with a diameter smaller than 4.75 mm show promise for recycling through a
biomineralization process known as microbially induced calcite precipitation (MICP). Our
research has explored various parameters of the biomineralization process, including the
concentration of bacterial cells, pH adjustments of WCF suspensions, and single or
repeated injections of bacterial suspensions. We have assessed the cohesion of the
formed composites and their mechanical properties (Holecek P. et al., 2024; Klikova K. et
al., 2024).

To enhance the cost-effectiveness of this process and align with the principles of the
circular economy, it is essential to find alternatives to commercial culture media. One
promising option is the utilization of raw feathers from chicken slaughter, which can be
efficiently hydrolyzed into soluble peptides (Stiborova et al., 2016). In this study, we have
optimized the conditions for feather hydrolysis to develop feather hydrolysate as a
substitute for commercial culture media. By utilizing Design of Experiment software,
particularly StatEase, we have analyzed factors such as hydrolysis time and temperature,
feather quantity, hydroxide concentration, and the proportion of yeast extract addition.
Through Response Surface Analysis, we aim to determine the optimal composition for
supporting the growth of bacterial strains involved in the biomineralization process. By
implementing this cost-effective culture medium, we anticipate a reduction in the carbon
footprint associated with economic and environmental requirements. This innovative
approach not only offers a sustainable solution for waste recycling in the construction
industry but also contributes to mitigating the environmental impact of construction
activities.
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Reducing the carbon footprint and recycling materials are the main goals of recent years,
which have been confirmed by the approval of the Paris Climate Agreement in 2015.
Global warming and climate change stand as significant challenges demanding collective
attention and action across various sectors and societies. Cement production, integral to
the construction industry, emerges as a significant contributor to anthropogenic CO
emissions worldwide, accounting for around 7-10% of the total emissions (Hanifa et al.,
2023). One of the effective methods for reducing CO2 emissions while recovering waste
construction material (waste concrete fines — WCF) for reuse is by employing the MICP
process.

In this study, we compared the efficacy of microbially induced calcite precipitation (MICP)
using two distinct metabolic pathways (carbonic anhydrase and urease) involving different
genera of bacteria (Bacillus cohnii DSM 6307 and Sporosarcina pasteurii DSM 33). We
examined three types of waste concrete fines (WCF) characterized by differences in age,
grain size distribution, and physical-chemical properties. Both bacterial types have the
capability to form calcium carbonate crystals, and biocementation solution containing
calcium ion and nutrients for their growth was added repeatedly within 30 days. Final
analyses, including scanning electron microscopy (SEM), X-ray diffraction (XRD), energy-
dispersive X-ray spectroscopy (EDS), and mechanical property assessments
for cohesiveness were evaluated for all samples.

In light of our results, it is apparent that the utilization of Bacillus cohnii DSM 6307 with
carbonic anhydrase activity provides more compact composites with better mechanical
properties as the result of MICP ability than the ureolytic bacterium Sporosarcina pasteurii
DSM 33. Based on our findings, it can be concluded that MICP presents a promising
method for recycling waste concrete fines as a way to reduce carbon footprint.

Acknowledgement: The project was funded by the Czech Science Foundation project no.
22-02702S.
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Nowadays, the emphasis is on the use of waste crops in the context of the circular
economy and waste management. For this reason, waste lavender has been used for
paper production. The main reason for using lavender as a raw material is that a large
amount of waste stem remains after harvesting. This paper deals with the mechanical and
physical properties. Tensile strength and burst strength were evaluated as the
fundamental mechanical properties. At the same time, the physical property, namely
Gurley air permeability, was also tested. This was mainly because of the resulting paper's
resistance to the moth mall. Surprisingly, the highest strength values were achieved by the
80 g'm paper with a breaking length of 1.71 km and a tensile strength of 16.76 Nm-g™*
compared to the higher basis weights of 100 and 120 g-:m2. In addition to the properties
of the finished paper, the feedstock was analyzed for its chemical components. The results
of this research show lavender waste as another potential raw material for paper
production.
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DETERMINATION OF THE PROPERTIES OF COTTON PULP WITH THE ADDITION OF
NANOCELLULOSE

J. Barta, K. Hajkova, A. Sikora

Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Kamyckad
129, 165 00 Prague, Czech Republic

Nanocellulose application is an emerging field of study. This study aimed to apply
nanocellulose to special paper products. For those purposes, beaten and unbeaten cotton
pulp properties were determined with and without the addition of nanocellulose. Cotton
is commonly used for special paper products because of its long fibers. Therefore it is
interesting to investigate its properties for special purposes. In this research, tensile
properties and burst index were evaluated for mechanical properties. For physical
properties, Gurley air permeability was tested. Optical measurements were evaluated to
assess the whiteness of paper samples. The tensile index for unbeaten cotton pulp without
nanocellulose was on average 5.22 Nm/g and with 1% NC addition 9.05 Nm/g with a
73.37% increase. Same property, the tensile index for beaten cotton without
nanocellulose was on average 18.23 Nm/g and with 1% NC addition 20.46 Nm/g with a
12.23% increase. Therefore, the determination of properties evaluated in this paper can
be used for special paper products from cotton pulp.
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Fruit distillates, also known as fruit spirits, are alcoholic beverages with a rich cultural
heritage and various production techniques around the world. The production process of
fruit spirits consists of the selection of quality raw materials, fermenting the fruit mash
and then separating the volatile compounds by distillation. During the production process
there are many factors that can affect the quality of the resulting distillate and one of the
key factors is the execution of the distillation. The fractions at the beginning of the
distillation, known as the “head” fraction, and at the end of the distillation, known as the
“tail” fraction, carry undesirable organoleptic characteristics and are therefore usually
separated from so-called “heart” fraction, which is collected. Distillers try to optimise the
distillation process to maximise the ethanol yield while minimising the concentration of
undesirable compounds. The aim of this work was to study the evolution of the analytical
profiles of distillates flowing from the alembic during distillation and to identify
compounds that are preferentially present at the beginning or end of distillation and their
concentration in the distillates can be therefore controlled by adjusting amounts of both
separated franctions. With the use of sensory analysis, it will then be possible to determine
the positive or negative influence of these substances on the organoleptic properties of
distilled spirits and to determine their optimal concentration in these beverages, towards
which the distillation process can be directed.
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Climate change has a significant influence on an agricultural production worldwide.
Watering of plants and crops is essential and desirable, nevertheless consistent high
temperatures demand careful monitoring and optimization of irrigation practices to
mitigate water loss and maintain crop yields. One potential solution for retaining water
could be the implementation of hydrogels with encapsulated plant-growth promoting
bacteria (PGPR).

Azotobacter vinelandii belongs to PGPR and shows biological activities for the stimulation
of plant growth and is capable of synthesizing two completely different biopolymers with
great application potential. Polyhydroxyalkanoates (PHA) are produced and stored in the
form of intracellular granules improving cell robustness, while alginate is produced
extracellularly and used for bacterial protection.

In this work, hydrogels with encapsulated bacteria, by direct gelation of bacterial alginate,
are formed and employed into the soil with lettuce seeds. After 40 days of plant grow, we
stopped watering the plants and observed how the plants were influenced by drought.
The experiment showed positive results not only in the improved condition of plants
(including higher biomass and increased content of both plants and roots), but also in
higher resistance to drought in treated plants compared to untreated ones.
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The food industry produces large amounts of unwanted waste that could still be used in
other industries. Organic food wastes such as feathers, meat, plants, but also yeast from
breweries can be easily converted into hydrolysates, leading to their use in cultivation as
a substrate for microorganisms such as endophytic bacteria in this project. Bacteria are
able to grow better in these types of complex media compared to the well-known non-
sugar LB medium (Luria Bretani lysogeny broth) and due to the high peptide content,
hundreds of miligrams per liter of ammonium ions are released through bacterial
metabolism mostly as their unused nitrogen source. Other advantages of some of these
bacteria include the ability to produce secondary metabolites such as indole-3-acetic acid
and to perform phosphate solubilization, which is one of the desirable characteristics of
applied microorganisms for plant growth promotion, commonly known as Growth
Promoting Activity. When all these properties are combined, it is an opportunity to
prepare a biofertilizer that could be used in agriculture. This whole process is one example
of the so-called circular economy.

This work was supported from the grant of Specific university research — grant No
A2_FPBT_029 and grant of TACR No. TN02000044/1.
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Caldimonas thermodepolymerans DSM 153447 is a non-model thermophilic bacterium
producing polyhydroxyalkanoates (PHA), biodegradable and biocompatible alternatives to
petrochemical plastics. The synthesis of these polymers in bacteria is known, in most
cases, to occur under stress conditions such as stress caused by nutrient limitation.
Similarly, small RNAs (sRNAs) are closely linked to stress conditions. These regulatory
molecules are known to be involved in post-transcriptional regulatory processes. They are
predominantly induced in response to stress and further interact with mRNA molecules to
impact their translation into functional units. Such common characteristic suggests a
possible regulation of the PHA synthesis pathway by sSRNAs and thus extends the potential
of bacteria for biotechnological applications. Even though many sRNAs have been found
and reported, yet there is still lack of SRNA annotations. Here we present results from
downstream analysis of RNA-Seq data from xylose cultivation up to 72h covering 8 time
points, each in 3 biological replicates. Following sRNA inference, we performed differential
expression analysis and co-expression analysis using state-of-the-art tools. These results
provide deeper insight into regulatory mechanism of C. thermodepolymerans with the
introduction of candidate sRNAs and their expression profiles, further used for the guilt-
by-association functional annotation.

This work has been supported by grant project GACR 22-10845S.
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Carotenogenic yeasts are a group of yeasts that produce orange to red pigments in the
form of carotenoids. They are also known for their ability to produce a significant amount
of other bioactive substances, including ubiquinone, ergosterol, betaglucans, proteins and
lipids. Their great biotechnological potential lies in the ability of utilizing many waste
materials to produce biomass enriched by the bioactive substances under the biorefinery
concept. The adaptability of carotenogenic yeasts allows them to use different waste
substrates for their growth, e.g. oils and fats, chicken feather hydrolysate, lignocellulose
materials and many others. Specifically, this study focuses on combined utilization of
whey, waste poultry fat and waste frying oil as nutrition sources.

In this study, the yeast strains Rhodotorula toruloides and Cystofilobasidium macerans
were studied. Batch cultivations were carried out in artificial media with the addition of
waste substrates at different C/N ratios. In these experiments, the best yield was achieved
by the strain Cystofilobasidium macerans on waste whey with the biomass yield 21.65 g/I.
The strain Rhodotorula toruloides achieved an increased yield of biomass (14.35 g/I) on
glycerol, which can serve as a model for waste glycerol obtained from biofuel production.
The main goal of future research is to test also other red yeast strains such as Phaffia sp.
and Sporidiobolus sp. in the presence of waste substrates and to scale-up these
cultivations to the laboratory bioreactor.

Acknowledgements: ByProValue (Project Nr. 301834 of the Research Council of Norway)
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Dealing with the increasing amount of waste from the food industry is a big problem
worldwide. Lignocellulosic materials are a type of this waste. They can be used in different
ways, like making biofuel, creating chemicals, and producing biodegradable plastics called
polyhydroxyalkanoates (PHAs). PHAs are biodegradable, and biocompatible, and can be
generated from renewable resources as intracellular granules by various prokaryotic
microorganisms.

Lignocellulosic materials are made up of cellulose, hemicellulose, and lignin. By chemical
and biochemical pretreatment, these materials can be hydrolysed to obtain fractions
suitable for the synthesis of valuable compounds. Cellulose and hemicellulose can be
broken down by high-pressure and thermal pretreatment and enzymatic hydrolysis into
monosaccharides that serve as a carbon source for bacteria capable of producing PHA. The
use of lignocellulose-based resources as a substrate for PHA production represents an
opportunity to reduce production costs.

In this research, we analyzed the composition of wheat bran hydrolysates obtained
through a combination of chemical and enzymatic hydrolysis. The hydrolysates were
evaluated mainly concerning the concentration of reducing saccharides. Subsequently, we
cultivated two specific strains of halophilic bacteria, namely Halomonas halophila CCM
3662 and Halomonas organivorans CCM 7142T, using these hydrolysates. Firstly, we
cultivated these two bacterial strains in flasks and then we scaled up the process to
laboratory bioreactors (batch cultivations). We determined the production of
polyhydroxyalkanoates (PHAs) by gas chromatography with a flame ionization detector.
Halomonas halophila showed the highest PHA production in flasks, 2.5 #0.1 g/L, which
represented approximately 68 % of the dry cell weight. However, Halomonas organivorans
achieved a higher PHA vyield of 3.8 +0.1 g/l when cultured in bioreactors, which
represented approximately 37 % of the dry cell weight.
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Probiotics, live microorganisms ingested through food or supplementation, have the
ability to improve gut microbiota balance and exert positive effects on host health through
wide range of action modes. Clostridium butyricum (CB) is a spore forming anaerobic
bacteria which is beneficial in management and treatment of digestive tract diseases,
increasing resistance to pathogens and modulating immune response. Cultivation of CB on
nutrient rich substrates, which support bacterial growth due to presence of prebiotic
compounds, may provide added value to probiotic supplement nutrient content, viability
and resistance of spores after consumption.

This work investigates the possibility of cultivation of CB on Limnospira maxima (Spirulina),
a food-grade algae, as a replacement of conventional complex nitrogen sources in media.
Spirulina, rich in bioactive compounds, protein and oligosaccharides, will be treated by
various mechanical methods of cell disruption, in order to preserve integrity of bioactive
compounds while making the intracellular nutrients, primarily nitrogen sources, more
available for CB. CB growth and spore production on spirulina after mechanical treatments
will be assessed in comparison to conventional complex nitrogen sources, expressed as
maximum growth and maximum sporulation.

Project anticipates overall successful cultivation of CB on spirulina substrates, as well as
different cell growth dynamics after various cell disruption methods.

Successful cultivation may yield a product with a superior nutrient profile, improved
bioavailability of bioactive compounds, and enhanced viability of CB. This approach could
address the challenges associated with fresh spirulina consumption such as short shelf life,
and improve the quality of probiotic preparate. The findings may contribute to the
development of nutritionally enriched probiotics, fostering advancements in probiotic
biotechnology.

This work was supported from the grant of Specific university research — grant No
A2 _FPBT 2024 036 and grant of TACR No TN02000044
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Cultivation of solventogenic clostridia on lignocellulosic biomass represents a promising
way for sustainable bio-solvents production. Lignocellulosic biomass serves as an ideal
substrate for clostridia due to its rich content of cellulose. However, the dense and
complex structure of lignocellulose requires a pretreatment to improve its accessibility.
Once pretreated, the biomass can be fermented by solventogenic clostridia through
process known as ABE fermentation, where solvents like acetone, butanol, and ethanol
are produced. However, during pretreatment, inhibitory compounds such as ferulic and
coumaric acids are released, inhibiting the growth of solventogenic clostridia and affecting
their ability to produce solvents. The objective of this research was to explore the effect
of ferulic and coumaric acids on solvent production during the cultivation of Clostridium
beijerinckii NRRL B-598. When a combination of ferulic and coumaric acids (0,2 g/I each)
was added during batch cultivation, there was an increase in acid production coupled with
decrease in solvent production. Thus, the culture did not switch from acidogenic to
solventogenic phase under these conditions. Nevertheless, during fed-batch cultivation,
where the same concentration of inhibitors was added to the medium gradually, solvent
production remained unaffected. Finally, the resulting solvent concentration in the culture
exposed to inhibitors did not significantly differ from the control culture devoid of
inhibitors.

This work was supported from the grant of Specific university research — grant No.
A2_FPBT_2024 047.
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During the bioproduction of substances using microorganisms the strong product
inhibition can occur which dramatically decrease the efficiency of the process. To
overcome this an in-situ removal of the product from the fermentation medium is
necessary to apply. One way how to do it is to use membrane separation connected with
bioproduction in bioreactor to one unit, membrane bioreactor.

Some of the natural substances are impossible to produce directly using one strain of
microorganism and they must be produced via one or more intermediates requiring the
use of different production strain for each one. Good example is the bioproduction of
phenylacetaldehyde from 2-phenylethanol by the bacteria Gluconobacter oxydans and the
biotransformation of L-phenylalanine to 2-phenylethanol biocatalysed by vyeasts
Saccharomyces cerevisiae. Both, phenylacetaldehyde and 2-phenylethanol are products
inhibiting the biotransformation.

In this work the bioproduction of phenylacetaldehyde directly from the substrate L-
phenylalanine through the intermediate 2-phenylethanol is presented. Bioproduction is
performed in the system of two interconnected membrane bioreactors containing
different production strains with membrane separation based on pertraction and
membrane extraction and linked with regeneration unit where product is accumulated.
This configuration leads to high level of integration and intensification of the production
process.

Acknowledgement: This work was supported by the Slovak Grant Agency, grant VEGA
1/0548/21.
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Caldimonas thermodepolymerans (formerly Schlegellela thermodepolymerans), an
aerobic, gram-negative thermophilic bacterium, exhibits remarkable biotechnological
potential in its ability to biotransform ferulic acid into high-value metabolites. This study
is devoted to the bacterium's proficiency in the conversion of ferulic acid into vanillyl
alcohol and vanillic acid.

Through genomic analysis of C. thermodepolymerans strains DSM 153447, DSM 15264,
and LMG 216457, several putative genes encoding enzymes involved in ferulic acid
metabolism were identified. Specifically, the gene fcs (KO number K12508), encoding
feruloyl-CoA synthase, was identified in all three analyzed genomes. Although the gene
ech (K07511), encoding enoyl-CoA hydratase/aldolase, was not directly annotated, its
presence was inferred based on its co-localization with fcs in the same operon. Gene aat
(K00684), encoding leucyl/phenylalanyl-tRNA protein transferase, was also identified in
all analyzed genomes. However, the putative vdh gene encoding vanillin dehydrogenase
could not be identified yet, probably due to its low genomic sequence homology with
species known to contain the vanillin dehydrogenase gene.

Furthermore, a comparison with other Caldimonas species, particularly C. aquatica,
revealed that only C. thermodepolymerans possesses the genetic information necessary
for ferulic acid biotransformation. These findings underscore the unique biotechnological
potential of C. thermodepolymerans within the Caldimonas genus.

This work has been supported by grant project GACR 22-10845S.
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The waste materials generated by the wine industry, often overlooked and neglected,
possess significant potential for extensive pharmaceutical and food applications. By-
products of grape processing, such as grape pomace, stems, and canes, represent
valuable reservoirs of bioactive compounds, particularly polyphenols. Polyphenols have
garnered increasing scientific interest due to their diverse potential health benefits,
including their impact on the human microbiome.

This study focused on assessing the influence of polyphenols, extracted from Vitis vinifera
processing by-products, on specific bacteria relevant to the human digestive system. This
study aimed on the prebiotic and antibiotic effects of Vitis vinifera extracts on bacterial
representatives of the gut microbiota, both in suspension and in biofilm. Ethanolic
extracts from Vitis vinifera pomace, stems and canes were prepared, characterized and
their effect on the biofilm formation was observed. The metabolic activity of biofilm cells
was evaluated by the MTT viability assay.

Depending on the bacterial strain, the effect of extracts from pomace, stems and canes
varied when applied on both planktonic and biofilm cells. Overall, the polyphenol
supplementation stimulated the biofilm formation of the probiotic strains but inhibited
the opportunistic pathogenic species. By applying Vitis vinifera extract at a concentration
of 900 mgGA/L of total polyphenols, the metabolic activity of biofilm cells of all
opportunistic pathogens was reduced by at least 50 %, while the probiotic strains were
not negatively affected by same concentration.

This work highlights the complex potential of Vitis vinifera by-products in combating
microbial pathogen growth and/or support the growth of probiotic bacteria, depended
on the type of extract and its polyphenol composition.

This work was supported from the grant of Specific university research — grant No.
A2_FPBT_2024_066
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Climate change poses a significant threat to our planet, and initiatives such as the Green
Deal are dedicated to mitigating its effects by focusing on the reduction of CO2 emissions.
A critical contributor to global CO2 emissions is the construction industry, responsible for
5-10% of the total. Cement production, essential for concrete manufacturing, has
a significant carbon footprint. However, innovative approaches, such as waste concrete
fines (WCF) recycling and the production of bioconcrete through microbially induced
calcite precipitation (MICP), offer promising solutions. Nevertheless, one of the primary
challenges in implementing this technology is its cost, with the commercial culture
medium constituting a considerable part of the overall expense. In this study, we
investigate replacing commercial culture medium for two bacterial strains capable of MICP
— Sporosarcina pasteurii (DSM 33) and Bacillus cohnii (DSM 6307) with waste feather
hydrolysate as a cost-effective protein source. Using Design of Experiment software,
specifically StatEase, we optimized the feather hydrolysis process for bacterial growth
by exploring the following conditions: hydrolysis time, temperature, feather
concentration, hydroxide concentration and yeast extract concentration. Applying the
optimized conditions, according to the Response surface analysis, the feather hydrolysate
can replace up to 90% of the commercial medium. Using this cost-effective culture
medium, we prepared composite samples of bioconcrete. Preliminary results indicate that
the strength of these samples is comparable to those using commercial media. These
promising findings have the potential to significantly enhance the scalability and economic
viability of the sustainable recycling of waste concrete fines.

Acknowledgement: The project was funded by the Technology Agency of the Czech
Republic, project no. TN02000044.
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In recent years, there have been major advances in industry which, in addition to
improving the quality of everyday life, has also caused massive enviromental pollution
(e.g. plastic pollution). This issue could be solved by replacing the petrochemical plastics
by in nature biodegrable materials such as polyhydroxyalkanoates (PHAs) also produced
by purple non-sulfur bacterium Rhodospirillum rubrum. The advantage of this bacterium
as a PHA producer is its metabolic versatility and thus its ability to survive in various
conditions (light, dark, anaerobic or aerobic conditions, etc.). This work focused on the
adaptation of R. rubrum to osmotic stress by evolutionary engineering with the goal of
increased PHA production. First, the bacterial strain was exposed to different salt
concentrations in order to optimize the appropriate salt concentration for subsequent
adaptation experiment. During the evolutionary experiments, the PHA content of the
adapted strains was analyzed by GC-FID, and the total dry biomass was also determined.
After the evolutionary experiments, the cultures were exposed to selected stressors (high
temperature; osmotic shock and freezing-thawing cycles) followed by viability analysis of
by flow cytometry. We were able to confirm the positive effect of continuous exposure to
osmotic stress of 40 g/l NaCl on PHA production in R. rubrum with the concentration of
15-20 % throughout the experiment. The method of evolutionary engineering seems to
be appropriate for increasing PHA production in R. rubrum. In the future, it would be
worthwhile to extend this work by including adaptations to other stressors in combination
with carbon substrates other than those used in this work.

This work was supported by project GA 21-15958L of Czech Science Foundation.
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MULTIPARAMETRIC OPTIMIZATION OF OPERATING CONDITIONS OF A MEMBRANE
HYBRID SYSTEM FOR PHENYLACETALDEHYDE PRODUCTION

PaleS E. J., Mihal M.

Institute of Chemical and Environmental Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak Republic, (mario.mihal@stuba.sk)

Phenylacetaldehyde is an aromatic compound sourced from various fruits, honey, tea, and
coffee. Apart from extraction from natural sources, it can also be obtained through
biotransformation from L-phenylalanine in the presence of microorganisms, leading to the
formation of the intermediate product 2-phenylethanol. In our case, Saccharomyces
cerevisiae yeast was used for production of 2-phenylethanol, and for production of
phenylacetaldehyde bacteria Gluconobacter oxydans was used. However, during
production, the resulting products can cause inhibition of biotransformation. Continuous
removal of the product can prevent this issue, creating a hybrid system where a membrane
modaule is used for the extraction of 2-phenylethanol and phenylacetaldehyde. The aim of
this work is the multi-parametric optimization of operating conditions of the membrane
hybrid system with a focus on economy. The optimized membrane hybrid system consists
of two bioreactors interconnected with pertraction and external extraction membrane
modules to ensure continuous removal of 2-phenylethanol and phenylacetaldehyde.
Creation of the mathematical model of the hybrid system and the process optimization
was performed using MATLAB programming environment.

Acknowledgement: This work was supported by the Slovak Grant Agency, grant VEGA

1/0548/21. We acknowledge the financial support provided by Slovak Society of Chemical
Engineering.
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ANIMAL WASTE AND ITS PROCESSING
M. Rouskové?, S. Sabatal, F. Bene&?, O. Solcova?

nstitute of Chemical Process Fundamentals of the CAS, Prague 6, Czech Republic
2University of Chemistry and Technology Prague, Prague 6, Czech Republic

An alternative foodstuff such as insects is a very promising raw material not only for high
content of proteins, but also for other nutritionally valuable components. Its advantage
lays in the gentleness of breeding in relation to the environment. Its consumption is
increasing similarly to the consumption of fish products. In addition, waste material from
these productions containing amino acids, peptides, etc. has considerable potential as a
secondary raw material that can be used, for example, in plant production. In addition to
insect, waste materials from animal sources namely mealybug, carp (whole fish, fish
remains), chicken (feathers, cartilage, meat remains) were tested in this study.
Hydrolysis of animal waste was carried out in a stirred stainless steel autoclave at a
constant temperature of 140 °C for 5 hours. The experiments were carried out under
slightly increased pressure in an inert atmosphere. The actual hydrolysis of protein
components and lipids was initiated by a small addition of malic acid. After cooling, the
reaction mixture was filtered on a batch vacuum device.

The solid residue of most tested raw materials represents a maximum of 5%. However, it
can also be used as an admixture to plant residues for the preparation of high-quality
vermicompost. The only exception is the solid shells of beetles, which cannot be
completely decomposed under mild hydrolytic conditions. However, the outer solid
skeleton is a valuable source of chitin, which (already as a pure source) is suitable for
obtaining pure chitosan, used as a dietary supplement to eliminate fats in the human
body.

Hydrolysates prepared in this way have the potential not only for use in agriculture as
fertilizer or spraying on leaves to prevent excessive evaporation of water from plants and
to supply nutrition. Last but not least, also as a biostimulation of soil bacteria, where it
was experimentally found that the application of hydrolysates to the soil demonstrably
increases the number of bacteria by at least 3 orders of magnitude.

Acknowledgement

Financial support from the Technology Agency of the Czech Republic (TA CR) the National
Centre of Competence BIOCIRCL (project No. TNO2000044) and BIOCIRTECH (project No.
TN01000048) and Strategy AV21, Foods for the Future is acknowledged.

21



TWO IS BETTER THAN ONE - LINKING OF THERMOPHILIC BACTERIA TO ENHANCE PHA
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Plastics are an essential part of our daily lives and almost everything that surrounds us.
However, their ever-increasing production brings many negatives, particularly in the form
of pollution, which has become one of the major environmental problems of our time and
is beyond the nature's capacity to cope with. One approach is to try replacing part
of petrochemical plastics with biobased and/or biodegradable plastics, both of which are
met in microbial polyesters — polyhydroxyalkanoates (PHA). The biggest drawback,
however, is the high cost of production, the reduction of which has become the mission
of many scientists. Using thermophilic strains of bacteria as producers is a promising
option. One of the adepts who have great potential in this field are the thermophilic
bacteria of the genus Aneurinibacillus, which have recently been identified by our group
as significant producers of unique PHA copolymers revealing extraordinary material
properties. Another and no less interesting contender is Caldimonas
thermodepolymerans, a moderately thermophilic bacteria that is capable of accumulating
a significant amount of poly3-hydroxybutyrate P(3HB) from lignocellulose relevant sugars.
Since both bacteria are very interesting and promising, but at the same time not thriving
in a certain area, we aim to link these two worlds, especially from the context
of knowledge in the field of molecular biology and genetics. In this way, we would create
a perfect combination of two microorganisms, where the chassis would be
C. thermodepolymerans enriched with a flexible synthetic device from Aneurinibacillus sp.,
thus achieving the production of interesting PHA copolymers even from inexpensive
feedstocks. PHA production could be then introduced into the industrial sphere
and compete with petrochemical plastics or join a very desirable field in biomedicine.

This work iss supported from the grant Brno Ph.D. Talent
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KINETIC PERSPECTIVE ON BIODEGRADABLE PLASTICS DEGRADABILITY
Voditka J.%, Sedlacek P.:, Obruca S.t
IFaculty of Chemistry, Brno University of Technology, Brno, Czech Republic

Since the age of plastics is under way, biodegradable plastics are gaining great popularity.
Not only public promote these substituents of oil-based plastics, but a huge scientific
interest was also attracted and further triggered an avalanche of praising and opposing
studies. For instance, biodegradable polymers such as poly(lactic acid) (PLA) or
polyhydroxyalkanoates (PHA) are intensively investigated from different perspectives in
order to consider its suitability for commercial plastics replacement. There were several
studies of accusing these biodegradable plastics of microplastics release and harming
natural environments. Although common consumers put still higher demands on the
environmental friendliness of purchased products, the end-of-life fate of the
biodegradable plastics is still poorly understood.

In this study, we have investigated the biodegradation of commercial polyhydroxybutyrate
(PHB) and PLA under thermophilic composting conditions from the kinetic perspective.
Two different kinetic models have been applied to analyse the differences in the
degradation mechanism — reaction order kinetics and release kinetics model. Evident
differences in the degradation rate constants have been observed and together with SEM
micrographs indicate different ways of degradation for PHB and PLA under thermophilic
composting conditions. The results of this study highlight the necessity to deal with
genuine biodegradability of plastics and to distinguish plastics generating durable
microplastics from those truly biodegradable.

213



Gas Coal Fuel



BENEFITS OF AN OPTIMAL-SIZED COMBINED HEAT AND POWER PLANT FOR AN
INDUSTRIAL ENTERPRISE

Variny M., ITurini¢ N.F.

1institute of Chemical and Environmental Engineering, Faculty of Chemical and Food
Technology, Slovak University of Technology in Bratislava, Radlinského 9, 812 37
Bratislava, Slovak Republic

Heat and electric energy are needed in every part of the industry. Nowadays, heat in the
form of steam is usually being generated in a standard steam boiler, by combusting
natural gas, while electricity is being purchased from the grid. But the ever-rising prices
of energy, fuels and emission taxes are pushing enterprises to find a better solution. One
of those can be the implementation of a cogeneration plant, which consists of a gas
turbine, firing natural gas, that generates electricity and a heat recovery steam generator
that utilizes waste heat from the turbine flue gas to generate steam. Produced steam can
be used as a heating medium in the process, or to feed a steam turbine to generate even
more electricity. This approach is more effective than the production of steam and
electricity in two separate processes. Because of high efficiencies of modern turbines,
and utilization of waste heat, using a cogeneration power plant can significantly reduce
the amount of fuel burnt, and thus emissions generated, which benefits both the
environment and the economy of the enterprise. This contribution focuses on the
energy, environmental and economic comparison of installing and operating a standard
steam boiler and a cogeneration plant, both in design and off-design conditions in an
industrial enterprise. This work was supported by the Slovak Research and Development
Agency, Grant No. APVV-18-0134. We also acknowledge the financial support provided
by Slovak Society of Chemical Engineering.
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