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Welcome

It is a great honor to welcome you to the Xl th Torun Carbon Symposium. It has been organized since 1992 by the
Polish Carbon Society (ptw.edu.pl). The eleventh edition (TCS 2024) falls one year after the celebration of the
Copernicanyear (2023) and one year before the 40th anniversary of the discovery of fullerenes (1985). The theme

of the conference - Copernican Revolution in Carbon Science - is a reference to these anniversaries. The concept
of fullerenes was difficult for skeptics to accept because it required acceptance of the presence of complex carbon
structures in nature. The fullerene hypothesis and experimental evidence of its existence changed the way of
thinking about carbon, which in "the pre-Copernican paradigm" could only exist in two allotropic varieties -
diamond and graphite. "The post-Copernican paradigm" in carbon science has resulted in the synthesis of new
carbon materials with reduced dimensionality, including nanotubes and graphene, exhibiting a spectrum of
impressive properties, so to speak, opening up the field of nanotechnology. The change in thinking has led to
development of a wide spectrum of materials with reduced dimensionality that revolutionize science and

technology.

The conference will discuss achievements and new challenges facing carbon materials in various allotropic forms,
from 0-dimensional to 3-dimensional structures, as well as other synthetic carbon materials used in aerospace,
automotive, construction, energy conversion and storage, electronics or optics. Issues related to modern
applications of carbon materials in medicine or environmental protection will be discussed, as well as topics aimed
at working towards reducing the negative impact of carbon-related industries on the natural environment.

We really hope you enjoy the conference and that you make lots of new friends!

Pawet Schroeder

Chairman
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Carbon nanostructures: Revolutionary objects for
tackling real-world challenges

Wolfgang K. Maser?!

Instituto de Carboquimica (ICB-CSIC), E-50018 Zaragoza, Spain
Presenting author email: wmaser@icb.csic.es

Carbon nanostructures cover a rich family of objects in two, one, and zero dimension. Conceptually, they have in
common a hexagonal network of sp2 hybridized carbon atoms, forming the 2D sheet of graphene [1]. Introducing
structural defects and curvature, provides the base for the revolutionary extension into closed hollow 1D nanotube
[2] and OD fullerenes [3]. Their beautiful and highly perfect structure endows each of these low dimensional
objects a whole bunch of unpreceded functional properties with world-record characteristics. Having found their
way into the market, they offer unique opportunities for the fabrication of novel, high performing device
structures and sustainable technologies contributing to tackle major challenges mankind actually is facing.

This presentation will provide a travel through the revolutionary aspects of carbon nanostructures. First, it will
cover the fundamental aspects on the relationship between structure and properties. Second, it will concentrate
on processing issues and pathways towards sustainable electronic device fabrication. Third, at hand of selected
examples of own latest research findings on nanoscale, processing and device performance [4-10], it will lay out
the contribution of carbon nanostructures to the field of energy applications as emerging solution to face the
challenge of clean and sustainable energy production.

References

[1] K.S. Novoselov, A.K. Geim, et al, Science 306, 666-669 (2004)

[2] S. lijima, Nature 354, 56-58 (1991)

[3] H.W. Kroto, J.R. Heath, S.C.O’Brien, R.F. Curl, R.E. Smalley, Nature, 318, 162-163 (1985)
[4] M. Peldez-Fernandez et al., Carbon 178 477-487 (2021)

[5] E. Palacios Liddn et al., ACS Mater. Lett. 3, 1826-1831 (2021)

[6] S. Victor-Roman, Catal. Today 357, 350-260 (2020)

[7] J.M. Gonzdlez-Dominguez et al., Nanomaterials 11, 1435 (2021)

[8] A. Ansén-Casaos et al., Int. J. Hydrogen Energy 46, 12180-12191 (2021)
[9] E Colom et al., Chem. Mater. 35, 3522-3531 (2023)

[10] C. Martinez-Barén, Green Chem. (submitted 2024)
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Catalytic graphitization of non-graphitizing carbons

K. Jurkiewicz?, B. Liszka?, P. Gancarz3, M. Walkowiak®, S. Smykala®, E. Talik?, T. Lamrani?, P.
Nokielski' and J. llavsky®

L Faculty of Science and Technology, University of Silesia in Katowice, Chorzéw, 41-500, Poland
2 Faculty o Natural Sciences, University of Silesia in Katowice, Chorzéw, 41-500, Poland
3 Faculty of Chemistry, Silesian University of Technology, Gliwice, 44-100, Poland
4 Faculty of Mechanical Engineering, Silesian University of Technology, Gliwice, 44-100, Poland
5> Central Laboratory of Batteries and Cells, tukasiewicz Research Network, Poznan, 61-362, Poland
6 X-ray Science Division, Advanced Photon Source, Argonne National Laboratory, Lemont, 60439, USA
Presenting author email: karolina.jurkiewicz@us.edu.pl

Keywords: non-graphitizing carbons, catalytic graphitization, graphite, lithium-ion cells.

The slowdown of climate change requires vast utilization of “green”, bio-derived carbon materials. In fact, a
growing number of biomass pyrolysis plants have come in recent years, and this may be a great source for the
production of graphite for applications in energy storage and conversion. Current graphite production, whether
obtained through high temperature (3000 °C) transformation (synthetic graphite) of graphitizing carbons or
mining (natural graphite), is highly deleterious to the environment. Recently, many studies have demonstrated
that biochars derived from pyrolyzed biomass and other non-graphitizing carbons could be converted to high
purity, highly crystalline graphite [1,2]. Additional reports have shown the potential for the conversion of biomass
to anode active materials of lithium-ion cells [3,4].

The most efficient method for the production of graphite from non-graphitizing carbons is catalytic graphitization.
Typically, this process turns amorphous carboninto graphitic structures with the assistance of a transition metal
catalyst such as Fe, Ni, Co, Mn, and Cr. Also, semi-metals, such as Si, cause a catalytic graphitization effect. What
is more, the presence of catalyst particles can lower the temperature of the structural transformation towards
graphite in both non-graphitizing and graphitizing carbon precursors.

This contribution will present recent progress in the catalytic graphitization of non-graphitizable carbons. The
advantages and weak points of this technology and the resulting graphitic materials will be discussed. The poorly
understood phenomena, such as the mechanism of the catalytic graphitization and the porosity collapse during
the process, will be exposed. Finally, the potential of utilization of the catalytically-graphitized bio-carbons in the
sodium-ion and lithium-ion technology will be evaluated. The literature achievement will be confronted with the
experimental results (X-ray diffraction, small-angle scattering, Raman spectroscopy, scanning and transmission
electron microscopy, electrochemical tests) obtained for catalytically-graphitized saccharides and furfuryl resins.

Acknowledgements: This work was funded from the National Centre for Research and Development (project no
LIDER/24/0131/L-10/18/NCBR/2019) and the Inkubator Innowacyjnosci 4.0 grant realized as part of the program
of the Minister of Science and Higher Education under the Smart Growth Operational Program 2014-2020.
Synchrotron X-ray scattering studies were performed at the Advanced Photon Source, Argonne National
Laboratory, USA.

References

[1] Z. Shi, S. Wang, Y. Jin, L. Zhao, S. Chen, H. Yang, Y. Cui, R. Svanberg, C. Tang, ..., T. Han, SusMtt, 3
(2023) 402415.

[2] A. Gomez-Martin, Z. Schnepp, J. Ramirez-Rico, Chemistry of Materials, 33 (2021) 3087-3097.

[3]L. Lower, S. C. Dey, T. Vook, M. Nimlos, S. Park, W. J. Sagues, ChemSusChem, 16 (2023) e202300729.
[4] N. A. Banek, K. R. McKenzie Jr, D. T. Abele, M. J. Wagner, Scientific Reports, 12 (2018) 8080.
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Electrochemical energy storage with carbons

Frangois Béguin

ICTE, Poznan University of Technology, Berdychowo 4, 60-965 Poznan, Poland
Presenting author email: francois.beguin@put.poznan.pl

Keywords: carbons, metal-ion batteries, electrical double-layer capacitors, metal-ion capacitors.

Energy management is an unavoidable strategy in the panel of solutions to reduce fossil consumptionand green-
house gases emissions. To manage the fluctuations of renewables and on-board energy in vehicles,
electrochemical energy storage can be used to adapt the delivery to the demand. Two main systems may be
applied, batteries and electrical double-layer capacitors (EDLCs), which store energy through faradaic and
electrostatic processes, respectively. Due to these mechanisms, batteries store high amount of energy, whereas
EDLCs are perfectly adapted to harvest energy in small amount during short periods of time, for example during
braking of vehicles. Presently, all the research efforts are guided by enhancing the electrochemical performance
of both systems, while implementing environmentally friendly materials and reducing the production costs.

Graphite has been early recognized as the material of choice for anodes of Li-ion batteries. To enhance the power
delivery of these systems, hard carbons have been implemented, especially for the sodium-ion systems where
graphite displays a poor performance. Fashionable materials, such as carbon nanotubes (CNTs) have been also
proposed, yet their large mesopore volume favours a high irreversibility of metal insertion, leading to a poor cycle
life of the batteries. Nonetheless, CNTs added in small proportion in the formulation of electrodes might be very
useful to enhance their conductivity and thereof power of the devices.

Nanoporous carbons (especially activated carbons — ACs) owing to their versatility of structure/texture,
morphology, low cost and highly developed surfacearea are the basicelectrode material for EDLCs [1]. New forms
of carbons, e.g., carbon nanotubes and graphene, as well as carbon black are applied for the percolation of
electrodes or as support for electroactive materials. In all cases, these various carbon forms are designed to
enhance the specific energy of EDLCs, while developing safe and environment friendly solutions. High energy
EDLCs can be realized with ionic liquids by the implementation of hierarchical porous carbons having i) mesopores
produced by silicatemplating carbonization of glucose and ii) micropores simultaneously created in the pore walls
by ZnClI2 activation. Appropriate glucose/SiO2/ZnCl2 proportions enable to optimise simultaneously the micro -
/mesopore volume ratio and the density of carbons, and develop high volumetric energy EDLCs able to operate at
high power with ionic liquid from -40 to 100 °C.

Despite their interesting features, EDLCs come nevertheless with limitations, such as notably low specific energy
and a significant rate of self-discharge compared to other types of energy storage systems. These disadvantages
may hinder their application as a primary power source in hybrid vehicles and theirintegrationinto the electrical
power grid. Therefore, metal-ion capacitors (MICs) combining an electrical double-layer positive electrode and a
battery-type negative electrode have emerged as a promising energy storage technology [2] due to two notable
features: i) the negative carbon electrode operates at low potential, thus, the maximum operative voltage of MICs
is significantly higher than that of an AC//AC capacitor, reaching generally 3.8 V; ii) the EDL positive porous carbon
electrode operates in a wider potential range thanthe positive electrode of an EDLC, typically between e.g., 2.5V
and 4.1V vs Na/Na+ for a sodium-ion capacitor [2], thus the capacity/capacitance of the device is larger than ina
conventional EDLC. This unique configuration enables MICs to achieve up to ca. four times higher specific energy
than EDLCs at comparable power levels, which makes them very promising for applications in electric vehicles.
The operando track of ion population changes in the EDL carbon electrode of a lithium-ion capacitor will be
presented during its charge/discharge.

References
[1] A. Frackowiak, F. Béguin, Carbon, 39 (2001) 937-950.
[2] A. Chojnacka and F. Béguin, Electrochem. commun., 139 (2022) 107305.
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Carbon-based electrocatalysts for energy generation
reactions

Diego Cazorla-Amorés*, Emilia Morallon?

! Departament of Inorganic Chemistry, Institute of Materials, University of Alicante, 03080, Spain
2Department of Physical Chemistry, Institute of Materials, University of Alicante, Alicante, 03080, Spain

Presenting author email: morallon@ua.es

Keywords: carbon materials, electrocatalysts, oxygen reduction reaction, non-precious electrocatalysts.

Carbon materials possess unique properties that make them valuable for a wide range of technological
applications. This diversityin propertiesarises fromtheir different structures. Surface chemistry, influenced by the
concentration of intrinsic defects and the presence of heteroatoms, plays a crucial role in determining the
properties of the carbon materials. Then, the combination of structure and surface chemistry results in an
enormous collection of materials with properties that can be tailored for many different applications.

Recently, the development of electrochemical energy storage and production devices has significantly increased
interest in carbon materials. In this field, the role of carbon materials as catalyst or catalyst support is outstanding
and strong research and technology development efforts are being done trying to optimize the performance of
electrochemical technologies, which are still far from industrial requirements.

In the specific context of energy generation using fuel cells or metal-air batteries, a significant challenge arises
fromthe sluggish kinetics of the oxygen reduction reaction (ORR) at the cathode. This limitation needs substantial
guantities of precious metals, hindering widespread adoptionof thetechnology. Consequently, extensive research
effortsarefocused on developingalternative catalysts, such as metal-free carbon materials or non-precious metal-
based catalysts, capable of replacing precious metals. Carbon materials properties enable them to play various
roles in the ORR, including acting as catalysts, catalyst supports, and promoters of catalytic activity. In this
presentation, we will explore examples illustrating these three functions of carbon materials in ORR. Our
discussion will highlight the growinginterestin finely tuning the structure and chemical composition of materials
at the nanoscale to enhance catalytic properties. Specifically, we will examine N-doped carbon materials as
catalysts, emphasizing the nature of their active sites. We will also showcase Fe-phthalocyanine catalysts
supported on functionalized carbon nanotubes to illustrate the role of carbon as a catalyst support. Finally, we will
discuss the pivotal role of carbon materials in enhancing the catalytic activity of perovskite-type metal oxides.

Acknowledgements: The authors would like tothank PID2022-1375660B-100 and PID2021-1230790B-I00 projects
funded by MCIN/AEI/10.13039/501100011033 and by ERDF, EU.
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Carbon as a pollutant and a nanomaterial:
spectroscopic and chemical diagnostics for unveiling
its structure

B. Apicella, C. Russo, A. Tregrossi, A. Ciajolo

Istituto di Scienze e Tecnologie per I'Energia e la Mobilita Sostenibili—CNR — P.le V. Tecchio, 80 — 80125, Napoli,
[taly
Presenting author email: barbara.apicella@stems.cnr.it

Keywords: carbon pollutants, carbon nanomaterials, soot, particulate, advanced diagnostics.
While reducing carbon particulate matter emissions from transportation engines is a pressing challenge for
modern societies, recent findings regarding the extraordinary properties of carbonaceous functional
nanomaterials have opened up new possibilities for the large-scale, flame-based synthesis of these otherwise
undesirablecombustion products. Inboth cases, the elusive character of combustion-formed carbon particulate—
which is primarily caused by its complex structure that is highly variable with temperature, residence time, and
fuel identity —limits our capacity to research novel, optimum solutions based on the particular industrial end -user
needs. Indeed, our current understanding of this intriguing yet intricate subject is still lacking.

Because of the complexity of carbon particulate matter, a broad range of diagnostic instruments tailored to the
identification of structure, size, and chemical composition are needed, and often not enough, for its thorough
characterization. This is particularly true when considering ultrafine and nano- particles, which have a size of less
than 100 nm.

In order to create innovative nanomaterials and for achieving clean transportation in the future, a better
understanding of the structure of carbon particulate matter will enable improvements in engine design, fuel
reformulation, or industrial process optimization. These improvements will have a significant positive impact on
the economy, the environment, and citizen standards of living.

The main characteristics of ultrafine and nanocarbon particulate matter generated under controlled combustion
conditions and collected by batch sampling methods are briefly reviewed in this keynote, along with an overview
of the analytical methodologyemployed by ourteam. Advantages and drawbacks of the techniques more recently
developed have been analyzed, for building and resolving the analytical puzzle represented by carbon particulate
matter characterization. Its optical properties, which make it appealing as a material for application in the fields
of imaging, electronics or sensors, have been also highlighted.

References

[1] Russo, C., Apicella, B., Ciajolo, A. (2023) Hydrogen, sp2 Carbon Hybridization, and sp2 Clustering as
Pieces of the Puzzling Nanostructure of Soot: A Closer Look. Energy Fuels, 37, 17, 12525-12540;
https://doi.org/10.1021/acs.energyfuels.3c01194

[2] Russo, C,, Ciajolo, A., Stanzione, F., Tregrossi, A., Apicella, B. (2023) Separation and online optical
characterization of fluorescent components of pyrogenic carbons for carbon dots identification Carbon,
209, 118009 https://doi.org/10.1016/j.carbon.2023.118009

[3] Russo, C., Carpentieri, A., Tregrossi, A., Ciajolo, A., Apicella, B. (2023) Blue, green and yellow carbon
dots derived from pyrogenic carbon: Structure and fluorescence behaviour Carbon, 201, pp. 900-909,
https://doi.org/10.1016/j.carbon.2022.09.062

[4] Russo, C., Apicella, B., La Rocca, A., Sirignano, M. (2023) Fluorescent carbon dots synthesis in premixed
flames: Influence of the equivalence ratio Carbon, 201, 659-666,
https://doi.org/10.1016/j.carbon.2022.09.061

[5] Apicella, B., Russo, C., Carpentieri, A., Tregrossi, A., Ciajolo, A. (2022) “PAHs and fullerenes as
structural and compositional motifs tracing and distinguishing organic carbon from soot” Fuel, 309,
122356, https://doi.org/10.1016/j.fuel.2021.122356.
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Engineered Diamond Surfaces & Heterostructures:
Sensors for Environmental Monitoring and Life
Science Applications

A. Kromka et al.

Institute of Physics, Czech Academy of Sciences, Prague 6, Czech Republic
Presenting author email: kromka@fzu.cz

Keywords: CVD diamond films, surface-termination, field effect transistor, chemical sensing, biosensing.

Diamond films grown by chemical vapor deposition exhibit a remarkable combination of properties advantageous
for sensingapplications, including tunable surface functionalities, high chemical stability, semiconductor behavior,
and biocompatibility. This study briefly reviews recent advances in tailoring the plasma properties, gas
composition, pressure, and temperature during microwave plasma CVD growth of diamond films to control the
resulting film properties for gas and biosensing [1].

Hydrogen-terminated diamond surfaces induce a highly sensitive two-dimensional hole gas that enables room-
temperature detection of oxidizing (NO2) and reducing (NH3) gases [2,3]. The influence of nanostructured surface
morphology on the gas sensor response will be discussed. Benchmarking against commercial SnO2 layers
elucidates the distinct sensing mechanisms operative for H-terminated diamonds, especially in a heterostructure
with 2D materials (MoS2 or GO).

Furthermore, diamond surface terminations and morphologies critically impact the patterned adhesion of cell
lines, a crucial consideration for bioelectronic applications. Label-free cell detection is demonstrated using
diamond-based field-effect transistors, providing insights into real-time monitoring capabilities and sensor
performance metrics like sensitivity, stability, and reliability. Novel biosensing principles based on impedance,
optical, and mass transduction modes using diamond devices will be presented [4,5].

The scientific findings highlight the potential of engineered diamond films as a multifunctional material platform
for advanced chemical and biological sensing [6,7] by elucidating key structure-property relationships that govern
sensing performance.

References

[1] M. Varga et al., ACS Omega, 2019, 4, 8441.

[2] M. Davydova et al., Beilstein Journal of Nanotechnology, 2014, 5, 2339.

[3] M. Kodi et al., ACS Applied Materials & Interfaces, 2023, 15, 34206.

[4] A. Broz et al., Journal of Biomedical Materials Research Part A, 2017, 105, 1469.
[5] M. Kratka et al., Colloids and Surfaces B: Biointerfaces, 2021, 204, 111689.

[6] R. Pfeifer et al., ACS Applied Engineering Materials, 2023, 1, 1446.

[7] M. Augustin et al., Bioelectrochemistry, 2024, 158, 108691.
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Copernican revolution(s) in carbon science

Peter Scharff

Department of Mathematics and Natural Sciences, TU Iimenau, D-98693, Germany
Presenting author email: peter.scharff@tu-ilmenau.de

Keywords: fullerenes, carbon nanotubes, graphene, graphite, negative magnetoresistance, superconductivity.

A series of breakthroughs in carbon science, such as fullerenes (1985) [1], carbon nanotubes (1991) [2], and
graphene (2004) [3], would not have been possible without the efforts of many generations of researchers. These
were preceded by research on graphite oxide and graphite intercalation compounds, dating back to Schafheutl's
reports on graphite intercalation and exfoliation in the 1840s. In these compounds, electron decoupling leads to
extraordinary electronic properties. The term graphene was first proposed by Boehmin 1962 [4], who studied the
phenomenon of electron decoupling in graphite exfoliated by chemical methods. Electron decoupling leads to
extraordinary electronic properties of low dimensional sp2 carbons, such as high charge carrier mobility and high
conductivity. Forheattransportinisolated graphenelayers collectively excited phonons with an average free path
of hundreds of micrometers are responsible, leading to high thermal conductivity. In some cases,
superconductivity is observed in these systems.

Superconductivity can be found among the phenomena that are revolutionizing the carbon science. The possible
superconductivity in carbon materials was first reported by Prof. Antonowicz in 1974 [5]. The Antonowicz
hypothesisis currently being developed in many centres around the world in fullerenes, HOPG and other carbon
materials. The mechanism explaining the superconducting behavior is still not fully understood. All that is known
is that the superconducting phase(s) exist in the graphene matrix.

References

[1] H.W. Kroto, J.R. Heath, S.C.O’Brien, R.F. Curl, R. Smalley, Nature, 318 (1985) 162.

[2] S. lijima, Nature 354 (1991) 56-58.

[3] K.S. Novoselov, A.K. Geim, S.V. Morozov et al. Science, 306 (2004), 666-669.

[4] H. P.Boehm, A. Clauss, G. Fischer, U. Hofmann in Proceedings of the Fifth Conference on Carbon, Pergamon
Press, Heidelberg, Germany, 1962, p. 73.

[5] K. Antonowicz, Nature, 247 (1974) 358-360
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Single-walled carbon nanotubes (SWCNTs) with semiconducting characteristics find great utility in photonics,
nanomedicine, and microelectronics, among other fields. Nevertheless, challenges in producing chirality -specific
fractions with desirable properties continue to impede many exciting SWCNT-based concepts [1]. Numerous
sorting strategies have developed over time to address this challenge.

Conjugated polymer extraction is a powerful, selective technique. Additionally, the method makes use of the
isolated SWCNTSs' pre-existing volatile organicsolvents, which makes them perfect for the manufacture of devices.
Although there are benefits, the sorting procedure is poorly understood, and only (6,5) and (7,5) SWCNTSs are
typically isolated using this method [2].

Here, we outline the process we used to extract specific SWCNTs from complicated mixtures utilizing a variety of
organic solvents and conjugated polymers that were specially created. Monochiral suspensions of (7,3) SWCNTs
were effectively synthesized by carefully adjusting the polymer properties and separation conditions [3]. We
discussed the inverse connection between efficiency and purity, which is a common issuein the purification of
nanomaterials. We used mixed solvent engineering usingtoluene and tetralin to create a substrate that exhibited
both remarkable purity and great performance.
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This presentation is devoted to N-doped carbon materials in combination with Fe- or Ni-containing species examined as
electrocatalysts in oxygen reduction reaction (in alkaline medium), adsorbents for eliminating water pollutants such as
inorganic arsenic species and as components forthe preparation of conductive polymer-based composite membranes, in order
to demonstrate their versatile properties.

A series of the composites of N-doped carbon materials and Fe or Ni species was synthesized via chemical vapour deposition
(CVD) acetonitrile (as carbon and nitrogen source) at 600, 700 and 800 oC for 30 minutes in the presence of metal oxides
derived from hydrotalcite-like materials (HTs) of various chemical compositions (MgAl, MgFeAl, NiAl). The samples were
treated with hydrochloric acid in order to remove inorganic compounds such as metal/metal oxides, which were not anchored
to the carbonaceous component. Acid treatment of the samples after synthesis did not completely eliminate inorganic
compounds, there was still (~ 10 - 30 %) a non-carbon component tightly covered with a carbon deposit, e.g. iron or nickel
nanoparticles involved in the formation of carbon nanostructures. The physicochemical features of the obtained composites
were described by means of several techniques including powder X-ray diffraction (XRD), elemental analysis (EA), volumetric
nitrogen sorption, X-ray photoelectron spectroscopy (XPS), Raman spectroscopy, scanning electron microscopy (SEM). The
carbon materials differed in the morphology of carbon grains, specific surface area and of micro- and mesopore volumes,
nitrogen content. The concentration of Fe- and Ni-containing species in acid-treated samples also varied.

Judging by the values of kinetic current, onset potential and number of electrons the most active for ORR was the composite
obtained at 700 oC using MgFeAl HTs. Its electrocatalytic performance seemed to be a result of a relatively high content of Fe
species (~0.77 at. %) covered with graphitic layers doped with nitrogen located at the edges of the graphene layer (~2.79 at.
%), in particular graphitic nitrogen (~ 1.06 at. %), which could be responsible for generating active sites for ORR on the
neighbouring carbon atom.

Depending on surface Ni concentration (determined by XPS), i.e. 1.0, 0.4 and 0.2 % at., the composites obtained at 600, 700
and 800 oC using NiAl HTs were able to adsorb various amounts of As (V), i.e. 9.69, 8.64 and 6.63 mg g-1.

The highest electrical conductivity of 10-4 [S m-1] was shown by the composite membranes prepared with the addition of 0.13
or 0.26 % wt. carbon component obtained at 800 oC with the use of NiAl HTs. The carbon component in the form of lamellar
grains contributed less to the improvement of the conductivity of the composite membranes than the one in which, in addition
to the lamellar grains, tubular grains were present; the probable reason for this was that carbon materials made of lamellar
grains were characterized by thinner graphite domains and contained more amorphous carbon compared to samples
containing carbon nanotubes, and furthermore, tubular grains could be better dispersed in the polymer matrix in the
composite material than lamellar grains, which were in the form of aggregates - difficult to dispersed by means of ultrasound;
it is possible that metal nanoparticles (Fe or Ni) trapped in carbon nanotubes could also contribute to the electrical conductivity
of the membranes obtained with their participation.

Acknowledgements: This work was supported by National Centre for Research and Development (NCBIR, Poland)
agreement number EIG CONCERT-JAPAN/1/2019.
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The rapid advancement of smart electronics and self-powered technologies has sparked a significant interest in
piezoelectric materials, notably electrospun polyvinylidene fluoride (PVDF) fibers, recognized for their flexible and
porous structure and high piezoelectric coefficients[1]. This study addresses the challenge of enhancing the
electroconductivity of these fibers to better serve energy harvesting applications. We employed electrophoretic
deposition (EPD) to deposit multi-walled carbon nanotubes (MWCNTSs) onto electrospun PVDF fibers. Moreover,
by optimizing the deposition parameters, we are able to ensure uniform coverage while maintaining the high
porosity of mats, which is essential for their application in flexible smart textiles.

Our results indicate that the optimized EPD process not only preserves the intrinsic properties of the fibers but
significantly enhances their electrical conductivity. This was achieved by maximizing the contact area between the
carbon nanotubes (CNTs) and the polymer fibers, thereby drastically reducing their resistivity. The morphology of
theresulting fiber mats was characterized by scanning electronmicroscopy (SEM), whilethe electrical conductivity
was measured using a two-point probe setup. Such enhancements are crucial for the development of next-
generation smart textiles capable of sensing and energy harvesting where electrospun fibers with conductive
coatings can be used.

This research underscores the potential of combining traditional fiber electrospinning techniques with nanoscale
material deposition to create advanced materials with tailored properties for specific technological applications.
Our findings contribute to the broader field of material science by providing a scalable method to enhance the
functionality of piezoelectric fibers, pavingthe way for innovative applications in smart devices and textiles[2].

Acknowledgements: This study was conducted as part of the BioCom4SavEn project funded by the European
Research Council under the European Union’s Horizon 2020 Framework Programme for Research and Innovation
(ERC grant agreement no. 948840).

References

[1] Sukumaran, S., Szewczyk, P.K., Knapczyk-Korczak, J., and Stachewicz, U. (2023) Optimizing
Piezoelectric Coefficient in PVDF Fibers: Key Strategies for Energy Harvesting and Smart Textiles.
Advanced Electronic Materials, 9 (12), 1-12.

[2] Szewczyk, P.K., Tash, A.E., Knapczyk-Korczak, J., and Stachewicz, U. (2023) Steering triboelectric and
mechanical properties of polymer fibers with carbon black. Composites Science and Technology, 243,0—
10.

POLSKIE
@® > rowarzystwo
16 A\ WEGLOWE


mailto:mkopacz@agh.edu.pl

S The 11th Torunian Carbon Symposium

Tos Copernican revolution in carbon science (TCS 2024)
N 15-18.09.2024, Torur, Poland

Potential of using spent magnetic carbonaceous
adsorbents in blast furnace coke blends

E. Lorenc-Grabowska

Department of Process Engineering and Technology of Polymer and Carbon Materials, Faculty of Chemistry,
Wroctaw University of Science and Technology, Gdanska 7/9, Wroctaw 50-344,
Presenting author email: ewa.lorenc-grabowska@pwr.edu.pl

Keywords: carbonaceous adsorbents, magnetic properties, coke

The presence of iron gives an opportunity to treat the spent carbonaceous adsorbent with magnetic properties in
a copyrolysis process for metallurgic coke production. To make the blast furnace more environmentally
sustainable, it is necessary to reduce its energy consumption and greenhouse emissions. This can be performed
by using highly reactive coke. Thereactivity of metallurgiccoke can beincreased by theaddition of aniron catalyst.

The main aim of this work is to study the effect of the addition of a spent magnetic adsorbent on the parameters
that characterise the properties of the coking mixture. The adsorbents have been obtained from polyfurphuryl
alcohol [1] and sawdust. The proportions in which these admixtures can be used are determined to obtain the
best parameters of coke reactivity while maintaining mechanical strength and a low content of ballast in the form
of mineral impurities. To establish this, the following tests are performed: coking power by the Roga test and
plastic properties by the Audibert-Arnu test. Furthermore, the determination of the hardness of cokes and the
reactivity of coke towards CO2 was carried out. The selected coke blend was also characterised in terms of SEM-
EDX, XRD, and TGA 8000 Perkin Elmer- FTIR .

The study showed that the type of starting material from which the carbonaceous magnetic adsorbents were
obtained had no effect onthefinal strength of the coke. This characteristicwas dependent ontheamount of spent
adsorbent added. The increasing addition of iron-containing composites amplify the reactivity of the obtained
coke. However, the addition above 15 % leads to a drop in the degradability. The type of starting material from
which the magnetic adsorbent was obtained had a significant effect on the plasticity properties of the coke
mixture. The addition of adsorbents obtained from biomass reduced the dilatation to a high extent, but the
polymer-based magnetic adsorbents did not induce such an effect.

This work shows that the spent carbonaceous magnetic adsorbents are promising additives for the preparation of
the coke of the furnace.

Acknowledgements: This work was supported by Internal grant of Faculty of Chemistry, Wroclaw University of
Science and Technology
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Wastewaterin urbanareasis usually processed in municipalwastewater treatmentplant beforeit enterstheriver.
Water being an effluent of this process is devoid of majority of contaminants, however, it is still not fully
remediated and drinkable. Electrochemical wastewater treatmentmight become an additional processto disinfect
water from the organic pollutatnts hardly (or too costly) removable by conventional techniques. It can be realized
by its oxidation using the hydrogen peroxide synthesized in the process of two-electron water oxidation.
Simultaneously, production of hydrogen takes place at counter electrode, which can be further used as an energy
carrier in fuel cells.

Two-electron water oxidation to hydrogen peroxide being a competitive process to four-electron water oxidation
to oxygen is naturally less thermodynamically preferred, therefore an adequate catalyst is necessary to change
this ratio. In this work, molybdenum-based catalyst deposited on nanostructured carbon was suggested for
wastewater treatment to increase disinfective properties of the process and reduce the hydrogen evolution
overpotential. This non-critical raw material catalyst makes the process more economically viable. Wastewater
contaminants was simulated by methyleneblueandits concentration was monitored in-situ usinglight absorption
spectroscopy during electrolysis processat 3 V. We have noticed that electrode comprising molybdenum(VI) oxide
was able to decolour the solution at higher rate than only carbon-based electrode. Although it was more efficient
towards water disinfection, less amount of accumulated hydrogen peroxide was detected. Disinfective properties
indicate that the lifetime of produced hydrogen peroxide is short and it immediately turns into hydroxyradicals
decomposing organics in real time.

Acknowledgements: This project has received funding from the European Innovation Council (EIC) under grant
agreement No 101069981. The EIC receives support from the European Union’s Horizon Europe Research and
Innovation Programme.
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Graphene oxide (GO), formerly considered mainly as an intermediate in wet chemical graphene production, has
now become a widely applicable material with expanding possibilities. While traditionally used in a solid, dry form
for the production of GO-based electrodes and optoelectronic devices, it is often processed in a suspended state.
Despite its beneficial hydrophilic nature, GO tends to lose many of its remarkable graphitic properties. To
compensate for this, various reduction methods are available.

Different reduction techniques restore the graphenic properties with different efficiencies. This study investigates
the effect of a physical (thermal) [1] and a chemical (ascorbic acid) [2] reduction method on GO. Characterisation
using conventional analytical methods highlights the advantages and limitations of each alternative approach. A
comprehensive analysis was carried out to reveal the morphology and surface chemistry of the reduced cryogels.
Powder X-ray diffraction (XRD) and nitrogen adsorption were used for morphological analysis, while the possible
regeneration of the graphenic structure was followed by Raman spectroscopy. The chemical composition was
investigated with thermogravimetry/mass spectrometryand photoelectron spectroscopy (XPS). The overall effect
of the surface chemistry is demonstrated by water vapour adsorption.

Acknowledgements: We extend our warm thanks to Mr. G. Bosznai and Dr. Leticia Fernandez Velasco for their
invaluable assistance. This research is part of HORIZON 101131382 (CLEANWATER). This research was funded by
the Hungarian grants OTKA K143571.
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The development of efficient and long-lasting energy storage devices is becoming an ever more urgent need in the present
day. The unique structural and morphological features of reduced graphene oxide aerogels (rGO aero), such as a stable and
mechanically robust porous network combined with high electrical conductivity, allowed them to store large amounts of energy
[1]. One of the effective methods to improve the surface properties of graphene-based active materials in supercapacitors is
to incorporate heteroatoms such as nitrogen, phosphorus, boron, and sulphur into their structure [2]. Among them, nitrogen
is the preferred element to be doped for several reasons. First, nitrogen atoms have an atomic size and molecular weight
comparable to that of carbon atoms, which reduces therisk that the introduction of nitrogen significantly disrupts the structure
of the graphene aerogel. Second, the introduction of nitrogen-containing functional groups into the graphene lattice improves
hydrophilicity of the carbon surface. It has a positive impact on the wettability of electrodes workingin an aqueous electrolyte,
generates pseudocapacitance, and improves electronic conductivity [3]. The electrochemical performance of the
supercapacitor can be further boosted by the addition of redox-active species to the electrolytes. The redox additive is
adsorbed on the electrodes and undergoes reduction and oxidation reactions at potentials, which ensures additional
pseudocapacitance to the energy storage device. Some typical redox additives contain Kl, hydroquinone (HQ), 1,4-
dihydroxyanthraquinone, Ce2(S04)3 and Fe3+/Fe2+ [4,5].

In this study we have determined the influence of nitrogen doping on the electrochemical behaviour of a hydrothermally
reduced graphene oxide aerogel. A 7.4 at. % of nitrogen was introduced into the structure of the synthesized of N-rGO aero.
Several instrumental techniques were applied to characterize materials prior to electrochemical tests: N2 sorption at 77K, X-
ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), scanning electron microscopy (SEM) and thermogravimetry
analysis (TGA). The materials obtained by straightforward synthesis were tested in symmetrical systems using two aqueous
electrolytes: acidic (1 M H2S04) and acidic enriched in redox-active species (1M H2S04+0.2MHQ). When 1M H2S04 electrolyte
was used in supercapacitors with rGO aero and N-rGO aero electrodes, an energy density of 12.3 and 14.5 Wh kg-1 was
revealed, respectively. The addition of HQ into the electrolyte does not affect the system's working window but ensures that
it yields a specific capacitance of 302 and 397 F g-1 and much higher energy density of 20.6 and 27.0 Wh kg-1, respectively.
The experimental results show that the combination of nitrogen incorporation into the rGO aero structure and the addition of
hydroquinone to the electrolyte is a highly effective way to improve the energy density of the supercapacitors.

Acknowledgements: This work was supported by a statutory activity subsidy from the Polish Ministry of Education
and Science for the Faculty of Chemistry of Wroctaw University of Science and Technology.
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The point of zero charge (PZC) is crucial for investigating molecular level charging mechanisms in energy storage systems, as
demonstrated in electrochemical capacitors. In this work, three electrochemical techniques were studied for PZC
determination in electrochemical quartz crystal microbalance (EQCM) applications: cyclic voltammetry (CV), staircase potentio
electrochemical impedance spectroscopy (SPEIS) and step potential electrochemical spectroscopy (SPECS) for two activated
carbons (ACs) with 0.1 mol L - 1 aqueous solutions of LINO3 , Li2504 , and KI. The porous AC charging process in agueous
electrolytes is a complex phenomenon; the ion mixing zone covered a wide potential region. Inadequate PZC determination
could lead to obscure data evaluation, which could further provide a misguided mechanism description at the molecular level.
In the aqueous solutions studied, the adsorption of specific ions and active participation of all ionic species in the electrical
double-layer formation were considered. The SPECS technique was determined to be the most beneficial for the PZC
determination in electrochemical quartz crystal microbalance (EQCM) applications. The advantage of this technique includes
a short implementation step time (in this case, 1 mV s-1). Moreover, the potential shift is quite gentle and enables detailed
data to be recorded in the entire potential range, increasing the recorded data resolution and accuracy. These potential step s
lead toa smooth behaviour of probable redox reactions and balanced ion redistribution in the pores. Additionally, this method
provides insights into the charging mechanism via a detailed specific capacitance division into a porous and a geometric one.
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Fig. 1. Specific capacitance vs. potential calculated from the three electrochemical techniques: CV (gray shade),
SPECS (blue triangular scatter) and SPEIS (red square and green circular scatter) for YP-50F and 0.1 mol L-1
LINO3 in EQCM cell. The upper part of the plot represents the zoomed SPECS specific capacitance vs. potentialin
the Emin to Emax direction.

Acknowledgements: This work was financially supported by European Research Council within the Starting Grant
project (GA 759603) under European Unions’ Horizon 2020 research and innovation programme, Polish National
Science Centre within the SONATA scheme (Project N0.2019/35/D/ST4/02582).

POLSKIE
@® > rowarzystwo
21 A\ WEGLOWE


mailto:sylwia.sroka@put.poznan.pl

S The 11th Torunian Carbon Symposium
Tos Copernican revolution in carbon science (TCS 2024)
15-18.09.2024, Torun, Poland

Tailoring the properties of salt-templated carbons for
energy storage systems

E. Frackowiak®, A.Klimek'??3, C. Matei Ghimbeu??*

nstitute of Chemistry and Technical Electrochemistry, Poznan University of Technology, Poznan, 60-965, Poland
2Institut de Science des Matériaux de Mulhouse (IS2M), CNRS, Université de Haute-Alsace, CNRS UMR 7361,
F-68100 Mulhouse, France
3Université de Strasbourg, F-67081 Strasbourg, France
4Réseau sur le Stockage Electrochimique de I'Energie (RS2E), CNRS FR3459, 80039 Amiens Cedex, France
Presenting author email: elzbieta.frackowiak@put.poznan.pl

Keywords: salt-templated carbon, electrochemical capacitor, aqueous electrolyte

Carbons with a developed surface area are typical electrode materials for electrochemical capacitors (ECs).
However, activation process of carbon precursor allows to obtain texture without a strict control of pore size
distribution. Here, novel approach so called soft- and salt-templated method [1,2] has been used to obtain
attractive porous carbons with specific surface area ranging from 1450 to 2640 m2/g. In the present work, the
various eutectic mixtures of alkali metal chlorides (CsCl, NaCl, LiCl,and KCl) have been used as salt-template. These
salts can be easily washed out from the carbon samples using water. Such synthesis method is sustainable, eco -
friendly, and provides fine control on carbon porosity.

The carbon material properties (structure, surface chemistry and porosity) were characterized in detail by
different physicochemical techniques: XPS, Raman, TPD-MS, gas adsorption using nitrogen and carbon dioxide.
Optimal carbon materials which combine large surface area and graphitic-like domains were achieved. All carbons
were tested as electrode components for two-electrode ECs operating at 1.6V. Lithium sulfate (1M) served as
electrolytic medium. Electrochemical performance was evaluated by cyclic voltammetry, galvanostatic cycling,
floating, electrochemical impedance spectroscopy and self-discharge. High values of capacitance have been
reached (125 to 250 F/g). Careful correlation of structural/textural/surface chemistry properties of carbons with
capacitance values was examined and insightful correlations were observed. Ragone plot presents energy versus
power density for all carbon samples used as electrodes of ECs (Figure 1).
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Figure 1: Ragone plot of salt-templated carbon materials in 1M Li2S04
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Diclofenac (DCF) is an anti-inflammatory pharmaceutical product being an active compound in commercially
available drugs, as for example Acoflam and Diclac. However, its overdose has negative impact on human health
and can contribute to environmental pollution [1]. In consequence, there is a high interest on the development of
an accurate and reliable methodology for DCF detection to meet EU regulations [2]. In this context,
electrochemical techniques arise as potential alternatives for currently applied spectroscopic or liquid
chromatography as they facilitate quick and easy measurements. Nevertheless, to improve sensors performance
novel working electrode modifiers must be proposed. Among them, graphene-based materials have increased in
interest due to their suitable properties as high electrical conductivity and enhanced surface to volume ratio.
Moreover, miniaturization of detection setupsis highly required to perform point of care measurements in low -
volume samples [3]. Therefore, screen printed electrodes (SPEs), or inkjet printed electrodes (IPEs) are being
evaluated.

In this work we propose facile, non-direct electrochemical DCF detection applying thermally reduced graphene
oxides (TRGOs) as working electrode modifiers at neutral pH. Series of TRGOs obtained at different temperatures
(400, 700 and 1000 °C) was tested as glassy carbon electrode (GCE) modifiers. Electrochemical measurements
revealed a promising electrochemical response towards DCF when using TRGOs, achieving a limit of detection
(LOD) of 61 nM. Moreover, selectivity studies in the presence of common interfering compounds (glucose,
ascorbicacid and others) indicated their high potential applicationin real samples analysis. From these promising
results, a novel miniaturized experimental setup based on IPEs was developed. IPEs were produced using cheap
office printer, aiming to reduce cost of setup preparation. Inks formulation was optimized considering graphene
oxide concentration, surfactant selection, carbon black addition and number of printed layers. They were
subsequently printed on Kapton® flexible substrate and thermally treated at 400 °C to reduce oxygen content.
According to the obtained results the optimized ink formulation was composed of GO (7000 ppm), Triton X-100,
carbon black and 8 layers of print. The application of the as designed miniaturiz ed electrochemical setup enabled
to detect DCF at neutral pH in samples of volume as low as 50 pL.
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Technology.
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Activated carbon prepared from spent coffee grounds as biomass precursor shows great potential in several fields
such as wastewater treatment, air purification, storage of various gaseous substances or as catalysts due to high
reactivity, good physical and chemical stability, high specific surface area and excellent pore size distribution. The
aim of this work was to investigate the possible biomass — porous carbon conversion routes for coffee grounds.
Pyrolysis — GC/MS and TG/MS were used thermal analysis (TA) to study the thermal decay. Traditional pyrolysis
and hydrothermal treatment was used to obtain intermediates for further activation.

The morphology of the carbon matrices was characterized by low temperature nitrogen adsorption, while the
chemical composition was obtained from ultimate analysis and XPS.

Based on these results samples were selected for application related measurements, i.e., removal of organic
molecules from water and energy storage/conversion tests.

Acknowledgements: We extend our warm thanksto Mr. G. Bosznai for hisinvaluable assistance. This researchis
part of HORIZON 101131382 (CLEANWATER). It is also part of project no. TKP-9-8/PALY-2021, implemented with
the support provided by the Ministry of Culture and Innovation of Hungary from the National Research,
Development and Innovation Fund, financed under the TKP2021-EGA funding scheme.
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Carbon materials have been used in various areas of physics, chemistry, biology and material science because of
its exceptional properties and diversity in structure. However, for wide range of applications surface properties
needs to be tunned as they are chemically inert and hydrophobicin nature. Functionalization of carbon surfaces
by the introduction of the functional groups/heteroatoms on the surface has emerged as a powerful strat egy for
tailoring their surface properties. At the same time carbon materials physical and chemical properties strongly
depend not only on functional groups but also on the surface morphology. The aim of this work is to investigate
the impact of surface morphology such as surface defects [1], presence of edges [2] as well as surface curvature
[3] on thestability of functional groups on carbon materials. The extent of functionalization and its stability were
monitored via XPS, SIMS, RS, TEM and work function measurements. The results are discussed in terms of various
positions of surface functional groups, their stability and possible recombination pathways. For a comprehensive
understanding on molecular level of the phenomena taking place at the oxygen-functionalized carbon surfaces,
the experimental investigations were corroborated by theoretical modelling (DFT).
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It has already known that resorcinol-formaldehyde carbon xerogels have numerous advantageous properties
which make them promising candidates as catalysts in anion exchange membrane fuel cells (AEMFCs) or catalysts
supports in proton exchange membrane fuel cells (PEMFCs) [1, 2]. Incorporation of heteroatoms (such as O, N, S,
P, B, etc.) into the carbon network can improve its certain features [3]. In this present work, two series of doped
carbon xerogels were prepared by sol-gel polycondensation, using urea and thiourea as nitrogen- and nitrogen-
/sulphur sources. In the seven-sample series, the molar ratio of urea/resorcinol and thiourea/resorcinol in the
reaction mixture was varied from 0 to 1, in order to examine the effect of increasing doping.

The morphology and the surface chemistry of the xerogels were studied with low temperature N2
adsorption/desorption, scanning electron microscopy/ electron dispersive spectroscopy (SEM/ EDS), X-ray
photoelectron spectroscopy (XPS), elemental analysis, pyrolysis-gas chromatography/ mass spectrometry (Py-GC/
MS), thermogravimetric analysis coupled to mass spectroscopy (TGA/ MS), water vapour adsorption and electrical
conductivity test. Electrochemical measurements, such as cyclic voltammetry (CV), oxygen reduction reaction
(ORR) and stability test were also carried out to study the materials catalytic behaviour in basic and acidic
electrolytes. The results showed that the doping does not change significantly the morphological properties, but
does have influence on the porosity. In the electrochemical experiments, the N- and N-,S-containing carbon
xerogels performed enhanced activity with increasing heteroatom content.

Acknowledgements: This work is part of the project HORIZON-TMA-MSCA-SE #101131382 (CLEANWATER) and
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Innovation of Hungary from the National Research, Development and Innovation Fund, financed under the
TKP2021-EGA
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Furan is a well-known representative of a series of five-membered aromatic "heteroaromatic" compounds, which
include many others, like pyrrole and thiophene - Fig. 1 [1]. Moreover, each member is the parent of a vast family
of derivatives. Compared to its homologs, pyrolle and thiophene, furan displays the lowest aromatic and the
highest dienic character, as illustrated in Fig. 1. Weak intermolecular interactions can be a subtle way to modify
the properties of carbon materials. Over the last decade, several theoretical investigations of the compounds
mentioned above and hybrid systems have also been performed [2,3]. The main goal of this report is to present
selected theoretical methods used by the authors to model, analyze, interpret, and explain adsorption
phenomena. Among them, an important place is occupied by Monte Carlo simulations, which not only generate
adsorption isotherms but also provide insight into the enthalpy of the process [4]. The analysis of adsorption
isotherms was discussed, in particular: values of Henry's constant (as a simple parameter reflecting the energetics
of interactions of adsorbate molecules with the adsorbent surface) were determined, and adsorption potential
distribution curves (as a way to gaininsight into the mechanism of pore filling) were generated. The research used
a series of model carbon structures with systematically changing porosity [4]. The combined use of molecular
simulationsand theoretical analysis methodsallowed for a quantitative understanding of therelatio nship between
the porous structure of activated carbons and their adsorption properties toward the studied compounds.
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Fig. 1. The concept of the simulation.
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Multidimensional materials, with their unique qualities thatmake themthe materials of the future, would respond
to humanity's growing needs in every field. Because of its unique characteristics, which include high intrinsic
mobility, high electrical conductivity, and thermal conductivity, graphene is a significant advancement [1].
Researchers are getting access to the multidimensional world thanks to the development of graphene. After
graphene, borophene is the most interesting multidimensional material with its unique properties.

Due to its electron-hole symmetry, the Fermi level in graphene is situated halfway between the valence and
conduction bands. Depending on their nature, the electron band structures of borophene and graphene differ
from each other [2].

We have examined the unique properties of borophene graphene and some other multidimensional materials in
Table 1. Borophene s superior to graphene in electron mobility, making it promising in many applications. Also,
theoretically calculated that there is a difference between graphene and borophene in thermal conductivity.
According to Borophene, data is second on the list. It is not as high as graphene or borophene due to the nature
of other multidimensional materials.[3]

Research should continue to develop forward steps for borophene synthesis methods to develop applicable
production and sustainable methods.

Table 1: Specific properties of some multidimensional materials

Material Electronic Mobility Thermal Conductivity
(cm?v-ts?) (W m?tK?)
Graphene 180 000 3846
Borophene 280 000 1055
BN 0.05(insulator) 233.3(third)
Stanene 3000 2.9
Germanene 2800 9.87
Silicene 2100 9.4
Phosphorene 1000 180
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Carbon nanotubes (CNTs) possess some properties that make them extremely interesting from biomedical point
of view. To name a few: photothermal, photodynamic and photoacoustic effects, fluorescence in the highly
desired NIR-II region [1], high electrical and thermal conductivities or high mechanical strength [2]. Despite that,
their application in biomedicine is still limited to the laboratory environment. Transition intothe industry is being
hindered by questionable cytocompatibility and some reports about possible carcinogenic effects. The
controversiesand unequivocal reports stem from the fact that the CNTs are often treated as a uniform material
group with limited variability [3, 4]. Meanwhile, small and seemingly insignificant changes in their surface
chemistry, dimensions, administration route or number of defects, can all govern the way cells and/or pathogens
react [5, 6]. Tailoring the CNTs’ surface chemistry is the key to obtaining materials with strictly desired properties.

This study proves that a careful selection of the CNTs oxidation state can yield materials that are cytocompatible,
withthemain determinant beingthe number of oxygen atoms exceeding 14% and a relatively high share of carbon
atoms at a +3 oxidation state. Interestingly, such CNTs also possessinnate anticancer and antibacterial properties,
making them promising candidates for novel biomedical applications. Further substitution of some of the OH
groups in the CNTs with ammonia boosts all of the positive properties even more [7]. Amazingly, these CNTs can
then easily be used to produce electrically conducitve layers [8] or nanocomposites [9] that inherit these positive
qualities fromthe CNTs —i.e., are cytocompatible, with detrimental effects against drug-resistant bacterial strains
and cancer cells. These CNTs can also be used for assuring sustained and long-term release of bioactive
compounds, while also protecting the latter from processing — induced damage.
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Scaffolds for tissue engineering should be characterized by porosity that allows cell infiltration into their interior.
Colonization of a substrate by cells and their effective adhesion to a surface of an elementary fiber gives a chance
for rapid proliferation and full restoration of a defect. In this respect, the most promising are fibrous substrates
that mimic a fibrous arrangement of collagen that builds an extracellular matrix of any tissue [1]. Low-modulus
carbon fibers with proven biocompatibility may provide a good example of scaffolds for tissue engineering within
bone and cartilage tissue defects. Here, however, morphology of the elementary fiber allowing first for adhesion
and then for cell proliferation turns out to be very important [2]. Roughness and surface porosity of a carbon fiber
can be controlled using such methods as the physical vapor deposition (PVD) with a special focus on magnetron
sputtering (MS). In the study, oxidized, commercially available polyacrylonitrile (PAN) fibers (Zoltec) were
bombarded with zinc, titanium, iron and copper atoms. Different exposure times were used to induce surface
changes of the carbon fibers. The surface morphology of pure-carbon and after the PVD-MS modification was
observed by scanning electron microscopy (SEM, Nova NANOSEM). Cross sections of the fibers were observed to
determine their volume porosity (Imagel). The total porosity and pore size distribution (space between fibers)
were measured using the mercury porosimetry (PoreMaster 60, Quantachrome Instr., USA). The specific surface
area of the fibers was determined using the BET adsorptionisotherm method (ASAP2010, Micromeritics Instr.).
The pore size distribution (PSD) of the nonwoven material was supplemented by the LF-NMR analysis. The T1 and
T2 relaxation times were measured on a Rock Core Analyzer (Magritek), and were obtained from distributions
calculated by applying the inverse Laplace transform. The use of this method makes it possible to supplement
information as to the texture of the mesopores (2-50 nm).In addition, a numerical simulation of the size of the
material surface was carried out, assumingan ideal pore structure in the form of cylinders of known diameter and
length. The effect of partitioning of the nonwovens into smaller sections with the size of 1-2um for the BET
adsorption measurements, was also evaluated. The experimental results showed, that the magnetron sputtering
leads tothe formation of roughness onthefibers exposed tothedeposition of metals. The presence of mesopores
on the surface of the carbon fibers has a positive effect on cell viability and proliferation (MG -63 osteoblasts and
CHO-02 chondrocytes).
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Open injury of skeletal muscles is a complex pathology that accounts for more than 70% of combat wounds and
leads to numerous complications. The initial phase of any post-traumatic muscle recovery is characterized by
inflammation and further degeneration of the damaged tissue. Therefore, the therapy for the restoration of
damaged muscles is ineffective without reducing the inflammatory processes in it. In this work, the biocompatible
and non-toxic C60 fullerenes in the aqueous phase were used as powerful antioxidants [1].

The structural organization of C60 fullerene nanoparticlesin an aqueous solution, as well as their stability were
studied using the atomic force microscopy and dynamic light scattering techniques [2].

The biomechanical parameters of contractions of the fast (muscle gastrocnemius) and slow (muscle soleus)
muscles of rats, as well as biochemical indicators of blood and muscle homogenates were studied 15 days after
trauma caused by the destruction of muscle cells of varying severity. The introduction of C60 fullerene aqueous
solution at a dose of 1 mg/kg into the damaged muscle improved its contractile function by 30-35+2% and 15-
20+1% in the fast and slow muscles, respectively, compared to the control. A tendency to decrease the
biochemical indicators by 15-17+1% in the blood, as well as by 20-23+1% and 15-17+1% in the tissue of fast and
slow muscles, respectively, was detected with the introduction of water-soluble C60 fullerenes.

The invivo results obtained indicate the ability of C60 fullerenes to reduce the degree of muscle fibers damage
and significantly weaken the course of the inflammatory process in them, which opens up the prospect of their
use for the correction of pathological conditions of skeletal muscle that arise from its mechanical injury [3].
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Wood compositeadhesives, foams, mineral wool, fiberglass insulationbinders, cutting wheels, brake pads are only
few from many applications of phenolic resins. Particularly interesting, but more niche, are their special
applicationsinthe production of key components forthespaceindustry, such as thermalshields, for which carbon-
carbon composites (CCC) are used. When selecting the appropriate resin for application in CCC, many criteria
should be taken into account, the more important of which are viscosity, cross-linking process and carbon yield
after pyrolysis [1]. The study investigated the cross-linking process of three commercial resole-type phenol-
formaldehyde resins in order to determine their application potential as CCC matrix precursors. The basic
technique used in the work was differential scanning calorimetry (DSC). On the basis of DSC curves, the
temperature, time and dynamics of the resin cross-linking reaction were determined. Additionally in this work,
several coupled techniques, such as Thermogravimetry-Mass Spectroscopy (TG-MS) and Thermogravimetry-
Fourier Transform Infrared Spectroscopy (TG-FTIR), were successfully used for deeper investigation of the cross-
linking mechanism of selected resole type resins. Usefulness of TG-MS and TG-FTIR in testing phenolic resins was
demonstrated in the detailed presentation of the emission of gaseous products of the cross-linking reaction. The
analysis was supplemented within situ FTIR as a function of temperature which allowed for the assessment of the
structure of the tested resins during and after the cross-linking process. Samples of the three commercial resole
resins were produced for their microstructure and mechanical properties assessment. Based on the resins tested
in this work, composite rods reinforced with carbon fibers were produced, which differed significantly in the value
of the stiffness modulus. The highest modulus was obtained for the prepared composites at the level of 140 Gpa.

Figure 1. 3D spectrogram of TG-FTIR at 100C/min for resole type phenol-formaldehyde resin
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Carbon-carbon composites are a group of materials consisting of carbon matrix reinforced uni- or multi-
directionally with carbon fibre. These composites exhibit an excellent thermal stability, resistance to thermal
shocks and good mechanical properties, which predispose them as a material for rocket motor nozzles [1]. Nozzle
is a critical element of rocket engine, converting the internal energy of combustion productsinto the propulsive
force by accelerating the gaseous products to high supersonic velocities. The combustion process taking place in
engine produces an extreme thermal (up to 3000 oC), abrasive and oxidative environment, frequently leading to
erosion of critical section of nozzle, which may result in pressure drops worsening the performance of motor or
even its failure. Because of the above, it is extremely important to use materials providing the best possible
resistance to erosion to hot, rapid outflow of gases and integral stability of nozzle.

One of the most popular and most effective methods of fabrication of carbon-carbon composites is the filament
winding technique. The procedure involves winding carbon fibre wetted with resin around the mandrel, and
subsequent curing of resin, thermal stabilization and carbonizationin an inert atmosphere. Finally the material is
subjected to cyclic densification by impregnating the product with resin or pitch and annealing until the desired
density and mechanical properties are achieved.

In this work we demonstrate carbon fibre reinforced carbon composites obtained by filament winding method
and subsequent carbonization and re-densification. As the precursor of carbon matrix phenolic-formaldehyde
resin was used which allowed obtaining high carbon yield and good mechanical properties of composites. The
composites were examined by measuring dynamic elastic properties, anisotropy and microstructure.
Furthermore, we attempted to apply anti-oxidation layers by coating the composites with different anti-oxidation
agents. The obtained results indicate that fabricated composites can be successfully used as a nozzles for rocket
motors.

Figure 1. Filament winding of carbon- fibre on rocket nozzle form.
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Batteries arean essential part of thesmooth running of modern society and provide electricity on demand in many
applications. Lithium-ion batteries were introduced to the consumer electronics market in the early 1990s and
have successfully dominated it, mainly due to their high energy density. Due toissues related to the abundance
and geographic distribution of lithium and some other components of lithium-ion batteries, creating new
opportunities for future energy storage is of strategic importance. Sodium-ion batteries are a promising direction.
Dueto thesizeof sodiumions, hard carbon (hard carbons=disordered carbons thatdo not transforminto graphite
upon heat treatment) is used as the active anode material instead of graphite. Leading industry standard HCs can
have capacities of 300+ mAhg-1 butlack in both area, volumetric and TAP densities when compared to their Li ion
counterparts. 1 Therefore, research is undertaken on their discharge mechanism and itsrelation to the materials
structure.2-4 The research material consisted of samples of commercial Hard Carbon characterized by different
application properties. Advanced transmission electron microscopy techniques (HR TEM, EELS, HR STEM and
electron diffraction) were used to show differences in their crystal and electronic structures.
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A unique feature of graphene, whichis structurally the simplest nanoform of sp2-bonded carbon, is the symmetry
of the valence and conduction bands formed by bonding t- and antibonding rt*-orbitals near the Dirac points. In
neutral graphene, the Fermi level intersects the Dirac points, the consequence of which is the symmetry of
electrons and holes in the electronic density of states (DOS). This symmetry of electrons and holes in charge
neutrality point(CNP)of DOS can be brokenin graphene, carbon nanotubes, and other layered (2D) and cylindrical
(1D) nanoforms of sp2-bonded carbon [1]. Introduction of adatoms [2], point defects and strain [3,4] cause
changes in DOS that can result in p- and n-doping. By changing the concentration and distribution of defects, we
can modify the electron structure, in particular adjusting the DOS of electrons (or holes) at the Fermi level to suit
specific needs.

Based on the Gerischer-Marcus model [5], we discuss chargetransfer reactions between grapheneand nanotubes
and theredox systemin solution. As model electrodes, we consider 2D and 1D sp2-bonded carbons, in which the
symmetry of holes and electrons is broken as a result of modification of the crystal lattice, i.e. electron or hole
doping. As model redox systems we consider the Fe(CN)63-/4- and Ru(NH3)63+/2+ redox couples. We show that
the reaction rate of heterogeneous electron transfer (HET) depends on the correlation between m-electron DOS
of electrode and redox potentials of the electrolyte. The possibility of matching electrocatalytic properties of sp2-
bonded carbon nanoforms by doping on HET is confirmed by exemplary results obtained from cyclic volta mmetry
measurements.

Deeper insight into the relationship between the electronic DOS of the sp2-bonded carbon nanoforms and donor
and acceptor states of redox species in solution will enable researchers to focus on the important design features
of carbon based electrodes for electrochemical applications at the outset.
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The rapid advancement of wearable electronics has increased interest in self-powered systems, particularly
triboelectric nanogenerators (TENGs).[1] Previous research has predominantly focused on the mechanical
enhancement of fibers without thoroughly addressing their triboelectric performance. The integration of
conductive additives like carbon black (CB) into polymeric fibers has been suggested as a method to improve both
mechanical strength and electrical output, but the effects of CB on different polymers have not been
comprehensively explored. This study investigates how varying concentrations of CB influence the triboelectric
and mechanical properties of electrospun fibers made from polyurethane (PU), polystyrene (PS), and
polycarbonate (PC).[2] The addition of CB significantly altered the properties of the fibers: while it increased the
mechanical strength of PU and PS fibers, it unexpectedly decreased their triboelectric output by over 90%.
Conversely, CB addition enhanced the triboelectric output of PC fibers by 260%, demonstrating a material-
dependent interaction. These results highlight the complex balance between enhancing mechanical properties
and optimizing triboelectric output in electrospun fibers. The study provides new insights into the role of
conductive additives in modulating the performance of materials used in energy-harvesting devices.
Understanding the impact of CB on both mechanical and triboelectric propertiesis crucial for the design of more
efficient TENGs, which are integral to the development of self-powered electronic devices. This research not only
advances our understanding of fiber material science but also suggests the potential for tailored composite fiber
formulations to meet specific industrial applications. Future studies could explore the integration of multiple
conductive additives to further enhance the performance of electrospun fibers in various applications.
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Pyrolytic carbon (PyC), also referred to as pyrocarbon, is a synthetic form of carbon produced through the pyrolysis of light
hydrocarbons utilizing combined chemical vapour deposition (CVD) techniques [1]. PyC has traditionally been utilized in
industry, particularly as a carbon-carbon (C-C) composite in space and aerospace technologies [2], and in the medical field as
coatings for cardiovascular implants [3]. A novel application involves leveraging its mechanical and biological properties to
interact with nerve tissue by forming composites of carbon fiber (CF) and pyrocarbon matrix, fabricated via an advanced CVD
method involving direct resistive heating of the fiber bundle [4-5]. The study focused on examining the effects of additional
thermal treatments (1600°C and 2000°C) on the composites initially obtained at 1100°C, assessing various morphological,
microstructural, textural, structural, and mechanical properties. This investigation aimed to elucidate the relationships among
these properties, including the graphitization and crystallinity trajectories within the fiber phase and PyC matrix, alterations in
the orientation of crystalline and pseudocrystalline carbon domains, and the nature of discontinuities at the interfacial int erface
as functions of temperature. The analysis revealed that the graphitization trajectory of PyC indicated growth in crystallite size
within the matrix material without significant ordering of the PyC structure. Furthermore, it was established that higher
temperatures led to an increase in both the crystallite size and the number of microstructural defects at the interfacial
interface. These changes were found to correlate with the mechanical properties of the composites. The findings underscore
the impact of thermal treatment on the structural evolution of CF/PyC composites, highlighting the relationship between
temperature-induced changes in crystallite size and the structure, and the microstructural defects, and the composites’
properties.

EXPERIMENTAL PROCEDURE GRAPHITISATION TRAJECTORY

1595 pe " 25

)

b L ]
1590 G20

+ +

D/

815 "

o
@
o

G Position (cm

NET e NS
+
15go/m——m——" o5/ — 8-——u
1100 1600 2000 1100 1600 2000
Temperature (“C) Temperature (*C)

- CF-G-® CF-S A GIPyC—¥— SIPyC

Figure 1. Scheme of the experiment and diagram of the graphitization trajectory of the composites examined as a
function of temperature
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Broadly understood environmental protection aims to limit and counteract the harmful impact of human activity
on the natural environment. One of the areas of environmental protection is water purification. Membrane
techniques face many problems, making it necessary to search for new materials for the production of
membranes. Due to the difficult operating conditions of the membranes, they must be characterized by high
thermal, chemical and mechanical stability. In addition, they must show indifference to the environment. Another
challenge is the phenomenon of biofouling, which involves the adhesion of micro- and macro-organisms on the
membrane surface, creating a biofilm layer and thus reducing its efficiency and service life. Current trends in the
search for new materials are directed towards carbon nanomaterials. One of the materials showing potential for
use in membrane water treatment techniques are carbon nanofibers CNFs. Polymer nanofibers are obtained from
the spinning solutionin the electrospinning process and then thermally treated. CNFs are characterized by low
density, low surface to volume ratioand chemical stability. The superiority of this method over other methods of
obtaining CNFs is reflected in the possibility of controlling the process parameters, thanks to which we obtain
materials with the desired properties, as well as in the profitability of the method. Moreover, electrospun CNFs
can be easily modified. Modification of carbon nanofiber precursor solutions with silicon carbide SiC precursors
allows obtaining nanocomposites with improved properties resulting from the combination of the carbon and
ceramic phases. Obtaining carbon-ceramic hybrid materials combining the properties of carbon nanofibers with
high chemical stability of silicon carbide, its resistance to high temperatures and oxidation allows the
nanocompositestoworkin difficult conditions. Nanofibrous carbon-ceramic composites exhibit some antibacterial
activity, thus reducing the problem of biofouling of membranes. Mechanical damage to bacterial cell membranes
with SiC nanostructures may result in oxidative stress and inhibition of bacterial growth or even death [1].

The work presents an attempt to obtain ceramic-carbon nanocomposites as a result of thermal treatment of
electroformed modified PAN nanofibers. Various variants of the modification of carbon nanofiberswith precerams
have been prepared. The modified CNFs were prepared by electrospinning by adding SiCsilicon carbide precursor
atthe PAN precursor preparationstage. Polysiloxane was selected as thesilicon carbide precursor. The multi-stage
heat treatment included stabilization, carbonization and high-temperature treatment of modified PAN nanofibers.
Surface modification carbon nanofibers was also carried out. The obtained hybrid systems were characterized
using SEM with EDS composition analysis. Their structure was analyzed using FT-IR and XRD analysis was
performed to confirm the presence of SiCin the tested systems. The samples were tested for microbiological
activity. The described method is a kind of novelty in carbon-ceramic composites. So far, the literature does not
present nanofibers carbon-ceramicmembranes obtained by electrospinning with potential applicationsin thefield
of water treatment.
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Graphene-based materials have been extensively and intensively investigated for a wide variety of applications
including electronics, CO2 capture, drug delivery and biomaterials, to mention a few. Surface properties like,
electronic and wettability play crucial role for many specific applications and need to be modified as carbon
surfaces are chemically inert and hydrophobic in nature. Several methods have been developed to achieve
controlled tunning of the surface properties that can be achieved via the introduction of heteroatoms. Among
these methods, oxidation through wet (using strong acids) or dry (plasma) treatments are commonly used. To
preserve the bulk properties of the material, plasma modification is preferred for functionalizing the surface as it
is environmentally friendly, energy-efficientand requires a short time for modification (seconds/minutes). The aim
of this study is to investigate the possibility to tune the surface properties (electronic, wettability and
biocompatibility) of graphenic surface by functionalization via different plasmas (02, NH3 and SF6) [1,2]. The
applied approach involves thorough characterization of the surfaces before and after plasma treatment (AFM,
SEM, XPS, LDI-MS, RS, TG). Additionally, to investigate surface electronic properties, wettability and
biocompatibility workfunction, water contactangle measurements and biologicaltestswere performed (cell tests,
bacterialadhesion). The experimental results are corroborated with the DFT calculations. Changes in work function
and water contact angle of the graphenic surfaces are monitored to track the progress of modification, revealing
a strong impact of the introduced functional groups on the surface properties. The results demonstrate that the
plasma modification has been confined to the outermost surface whilethebulk structure of the material remained
intact. The introduced oxygen functional groups increase also the biocompatibility.
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Radon is a radioactive noble gas. Its most stable isotope (radon-222)is emitted due to transformationsin the uranium series
[1]. Radon adsorption in pores of carbonaceous materials is a phenomenon that can be applied to measure its concentration
in the air [2].

All the results presented were obtained using computer experiments, i.e., the in silico method. The simulations used a series
of twenty seven single wall carbon nanotubes, including eighteen of zig zag type (Fig. 1(a)) and nine of armchair type. The
adsorption of radon-222 for T= 298 K was modeled using Monte Carlo simulations and the technique described by Yan and de
Pablo [3], i.e., hyper parallel tempering Monte Carlo. The calculation scheme was analogous to the previously described [4].
The energy of interactions between various Rn atoms and between Rn atoms and C atoms in the structure of the adsorbents
was calculated using the Lennard-Jones potential [5,6].

The computer experiments gave insight into the relationship between the geometric parameters of these materials and the
efficiency of radon-222 capture. The highest relative differences occurred in the low-pressure region, which is the most
important in practice. In this range, adsorption isotherms are linear — their shape and quantitative differences are precisely
reflected by Henry's constant and the heat of adsorption at zero coverage (Fig. 1(b) and (c)). Even a slight reduction in the
diameter of nanotubes can significantly improve the efficiency of radon capture.
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Fig. 1. (a) Selected carbon nanotubes. Comparison of (b) the Henry constant values associated with the adsorption
isotherms and (c) the heat of adsorption at zero coverage gst0 associated with the isosteric adsorption enthalpy
are presented as a function of the inverse of (or direct) the effective internal diameter of the zigzag nanotubes -
Dint,eff.
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The defining properties of volatile organic compounds (VOCs) are high vapour pressure and low water solubility. VOCs include
a variety of chemicals. Some of them may have short-and long-term adverse health effects [1]. Several techniques have been
used to reduce VOC concentration (e.g., sorption, condensation, thermal oxidation, and catalytic oxidation) [2]. Different
adsorbents (i.e., silica, zeolites, carbon materials, MOFs) can be used [3]. The carbonaceous materials stand out for this
application due to the vast and straightforward possibilities of controlling the sorption capacity and properties of these
materials [3]. From an industrial point of view, it would be interesting to find a reliable correlation between the volatile organic
compounds' adsorption and the properties of adsorbents.

The current study used Monte Carlo simulations to predict the adsorption properties of single-walled nanoporous carbons
toward selected VOCs. Adsorption isotherms from the gaseous phase were simulated and analyzed for the series of nine
carbons described by Nicolai et al. [4] - Fig. 1. Computations were performed for three simple VOCs: benzene (C6H6),
acetonitrile (CH3CN), and carbon disulfide (CS2) — Fig. 1. Adsorption isotherms were quantitatively analyzed using values of
Henry's constant, adsorption potential distribution curves (APD) and values of adsorption capacity, respectively. The exemplary
correlations are shownin Fig. 1. The results indicate that the main factor limiting adsorption capacity is the volume of available
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Fig. 1. Schematic representation of selected carbon structures. Correlations between maximum values of
adsorption amounts - amax (observed for p/ps = 1) and reciprocals of apparent density (dapp) of carbon in the
simulation boxes for all the studied VOCs and model carbons. The dashed lines are drawn to guide the eye.
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This work presents results on the three-dimensional (3D) functionalization of commercial graphite—originated
flakes to micro-mesoporous graphene by carbonization of specific precursors in the presence of a hard template,
as illustrated in Fig. 1.

Nowadays, the subject of much research is to find new materials for energy storage that are environmentally
friendly and highly effective at low production costs. This can be done thanks to supercapacitors, whose efficiency
is determined, among other things, by using ultra-high-surface carbon materials in electrodes. The use of this type
of materials in the oxygen evolution reaction (OER) or oxygen reduction reaction (ORR) will also provide an
alternative to expensive platinum or ruthenium oxide catalysts. Thanks to this, it will be possible to carry out the
water-splitting process and create the so-called "green energy" without CO2 emissions.

Grapheneis a breakthrough due to its new properties, such as thermal conductivity, high intrinsic mobility, and
high electrical conductivity [1-2]. The obtained materials were characterized using instrumental methods such as
low-temperature nitrogen adsorption, Raman spectroscopy, SEM, EDX, and elemental analysis.
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CaCO,/Na,CO;

graphite
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2 - carbonization H,PO,
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Fig. 1. The concept of the synthesis
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Diamond-filled polymers are gaining prominence due to their exceptional chemical stability and electrical
conductivity. This study investigates the integration of diamond particles into polymer matrices to create
composite materials with enhanced properties. By leveraging the inherent chemical inertness of diamonds, the
composites exhibit significant resistance to chemical corrosion, making them ideal for harsh environments.

Additionally, the electrical conductivity of the polymers is notably improved, resulting from the excellent
conductive properties of diamond fillers.
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Carbonnanotubes (CNTs) exhibit good electrical conductivity [1], which, combined with their large specific surface
area [2], makes thema promising material for electrochemical applications. Chemical modification of the surface
and combining nanotubes with other materials is a strategy for obtaining electrodes with specific electrocatalytic
properties [3].

Freestanding polyvinylpyrrolidone/CNT films (buckypapers) were prepared by vacuum filtration from water
suspension of pristine CNTs and hydroxylated carbon nanotubes (CNTs-OH). Polyvinylpyrrolidone (PVP) is water-
solubleand additionally preventthe nanotubeagglomeration. As areference, freestanding films consisting of CNTs
and CNTs-OH were used.

In the presentation, we compare the morphological properties of the obtained films (SEM), concentration of
defects in CNTs estimated from Raman spectra, and electrical conductivity.

Electrochemical tests of the freestanding films were performed in three electrode configuration, where
buckypapers served as working electrode. Fe(CN)63-/4- and Ru(NH3)3+/2+ couples were used as redox probes.
Discussion of the obtained results of cyclic voltammetry includes specific areal capacitance and heterogeneous
electron transfer kinetics. The electrocatalytic activity of the obtained films is crucial for future applications of this
material in the design of electrochemical sensors.
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Graphene is often subjected to various modifications to fully exploitits properties. Modification through doping is
particularly significant as the resulting graphene materials exhibit high chemical stability due to the presence of
covalent bonds within or beyond the graphene plane. Co-doping with two or more atoms, such as nitrogen and
sulphur, is commonly employed, which imparts the graphene materials with properties characteristic of both
atoms. Nitrogen enhances electrical conductivity, while sulphur, due toits lone pairs of electrons, contributes to
catalytic processes. New properties also emerge from the mutual interaction of N, S dopants, positively affecting
catalytic efficiency through synergistic effect. Doping the graphene structureis carried out through several
methods such as hydrothermal treatment, chemical vapor deposition (CVD), or thermal processes [1, 2].

In this work, nitrogen-and sulphur-doped graphene materials (rGO-NS) were obtained throughhydrothermaland
thermal treatment. Graphene oxide (GO) was hydrothermally treated in the presence of thiourea (TH) serving as
heteroatoms source. The syntheses were conducted at two temperatures 180 °C (rGO-NS/180) and 200°C (rGO-
NS/200). For comparison, material obtained through high temperature treatment (rGO-NS/HTT) was obtained
following thermal treatment of hydrothermally obtained rGO (180°C) in the presence of TH. Thermal treatment
was performed at 850°C at an inert atmosphere. The characterization of the obtained graphene-based materials
included determination of the elemental surface compositionand distribution of functional groups (C, O, N, and
S) using X-ray photoelectron spectroscopy (XPS). The morphology of the materials was determined using field
emission scanning electron microscopy (FESEM). The nitrogen content was slightly higher in case of rGO-NS/200
(2.8 at.%) compared to 2.5 at.% for rGO-NS/180. Sulphur contribution for both materials was 2.7 at.%. Thermal
treatment enabled to increase nitrogen contributionto 5.7 at.% and maintain sulphur content at the similar level
as in case of materials from hydrothermal treatment (2.1 at.%). Nitrogen in rGO-NS 180 and rGO-NS 200 is
primarily presented in amide/lactam/pyrrolic forms (72-76 %). In rGO-NS/HTT, similarly to rGO-NS 180 and rGO-
NS 200, nitrogen mainly appears in the form of amide, imide, amine, and pyrrolic (54.3 %). The selected method
of rGO doping heavily influence the sulphur species present in the graphene-based material, as well as its
morphology due to the differences in the used graphene precursor.

In summary, we have confirmed that by employing different synthesis protocols we are able to adjust the N,S
functional groups in the rGO materials.
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Carbon-based materials are extensively studied as electrode substrates for biosensing applications, with laser-
induced graphene (LIG) standing out due to its excellent electrical conductivity, large surface area, and ease of
fabrication. This study focuses on the development of a highly sensitive glucose sensor through the
electrochemical deposition of Prussian Blue (PB) on tuned LIG electrodes. The best LIG electrodes in terms of
electrochemical properties meticulously tailored by optimizing various lasing parameters to achieve the best
possible substrate properties were coated with PB using different precursors. The structural and electrical
properties of electrodes were characterized using techniques such as scanning electron microscopy (SEM), Raman
spectroscopy, and electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). These
characterizations confirmed the successful creationof high-quality LIG substratesand the consistent, reproducible
deposition of PB coatings.

The sensor's efficacy was tested by exposing the PB-coated LIG electrodes to H,0, in phosphate-buffered saline
(PBS). This interaction is critical for glucose sensing as PB mimics enzymatic activity, converting H,0, generated
from glucose oxidation into a detectable electrochemical signal. The resulting sensor configuration exhibited high
sensitivity and specificity for glucose detection, with a response over a relevant concentration range.

The scientific novelty and significance of this work lie in its innovative integration of advanced materials science
with electrochemical techniques on a laser-scribed platform. This novel approach not only enhances the sensor's
sensitivity and specificity but also ensures its operational stability. The impedimetric signals provides insights into
the concentration of target species and the interaction mechanisms between analytes and the electrode surface.
By developing this biosensor, we aim to advance the field of biosensing for future innovations by offering a cost-
effective, single-step fabrication method for a sensitive, reliable, and efficient tool capable of detecting various
biomolecules.
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There is a high and still growing demand for culturing cardiomyocytes in laboratories for drug testing, disease analysis, and
obtaining parts of heart tissue for transplantation [1,2]. Unfortunately, maturing cardiomyocytes in in vitro conditions is time-
consuming, comes with great financial expenses, and is characterized by low yield [3]. Therefore, it would be of significant
benefit to improve the currently used culturing techniques. In this study, a new type of substrate, that can be used in the in
vitro cellular cultures was obtained. Collagen type I-based hydrogel biomaterial was developed from a benign solution, based
on DMSO and PBS. The surface-functionalized multi-walled carbon nanotubes were used as an electrically conductive modifier
and a drug carrier. Dexamethasone and liothyronine were used as drugs to influence the maturation of human-induced
pluripotent stem cell-derived cardiomyocytes [4,5].

Two main objectives were set in this study. The first was to obtain a collagen type | — MWCNTs nanocomposite hydrogel foil,
that could be potentially used as a substrate in in vitro conditions. The second was to determine if surface-functionalized
carbon nanotubes can influence the drug release profile from the biopolymer matrix.

Collagen foils were obtained by casting technique from 3% solution in DMSO/PBS (5:1), with a small addition of HCl and HF.
The mixture was modified with the addition of glycerol (5% wt/wtcol), and either pure drug/s or the combination of
functionalized MWCNTSs (0,25% wt/wtcol) and dexamethasone and/or liothyronine. Materials were keptat 40°C, until fully dry,
and later were kept in the fridge upon further use. The efficiency with which drugs attach to MWCNTs was evaluated with the
use of the UV-VIStechnique. Degradation studies were conducted to determine the collagen matrix decomposition rate in the
wet environment. The samples were incubated in PBS for at least 21 days at 37°C. The mass change was controlled by periodic
weight measurements, and the release of collagen was evaluated by the use of a BCA assay. The spectroscopic tools were also
used to evaluate the drug release from the collagen matrix, in the case of liothyronine, with the additional use of an ELISA kit.
Mathematical models were used to establish the release profile of tested materials.

Briefly, the study determined that the drugs can be successfully attached to the functionalized MWCNTs. The addition of carbon
nanotubes to the collagen matrix does not significantly influence the degradation rate or water absorption capabilities.
However, the release profile of the drugs from the collagen matrix varies in the presence of carbon nanotubes.

Overall, this study indicates that the drug release from the hydrogel substrate might be controlled with the use of MWCNTs.
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Recent years have seen significant growth in ubiquitous electrical devices, increasing the demand for thinner,
more efficient, and longer-lasting devices. Zn-air batteries offer a promising alternative to Li-ion systems due to
theirlow cost, safety, environmental friendliness, and high energy density. The use of solid electrolytes and flexible
air electrodes enables the creation of flexible systems suitable for flexible displays. One of the main limitations of
this technology is the slow reaction kinetics at the air electrode, which affects discharge and charge efficiency. To
improve efficiency, bifunctional electrocatalysts are being developed to increase the rate of oxygen reduction and
evolution reactions (ORR/ OER) [1].

Although preciousmetals are considered the best ORR/OER electrocatalysts, their high cost and limited availability
drive the search for new materials. Carbon materials, due to their unique properties such as chemical, thermal,
and mechanical stability, arebecomingattractive. Amongthem, carbon nanostructures (CNSs), such as nanofibers
and nanotubes, are distinguished by their high electrical conductivity and large specific surface area. However,
they are often produced as powders, which complicates their use as electrode materials. The solution is carbon
cloth, which serves as a flexible, conductive, and easily modifiable substrate for the in situ synthesis of CNSs,
combining the advantages of both materials. In addition, modification of the surface of carbonfibersin cloth (e.g,
by electrochemical methods) allows control of the properties of CNSs and their electrocatalytic activity [2, 3].

The goal of the project was to synthesize electrocatalytic electrode materials for Zn-air batteries. In situ synthesis
of CNSs on electrochemically modified carbon cloth was performed, and the effect of modification on the growth
of nanostructures and their ORR/OER properties was studied. The work focuses on the effect of the position of
the cloth during electrochemical activation on the size and structure of the nanostructures, and electrochemical
tests revealed differences in their electrocatalytic properties.
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Carbon-ceramic foam filters have been developed as cost-effective, efficient, and sustainable electrode materials
for photoelectrochemical processes by incorporating photoactive fillers. The manufacturing process involves
mixing a-Al203 ceramic powder with sintering coal, an organic coal binder, aqueous silicic acid sol, and sodium
lignosulfonate. The mixture is further enhanced with 5% wt. of two types of nanoparticles - potassium
hexavanadate and titanium oxide to boost electrooxidation activity. It is then coated onto polymer foams and
baked at high temperatures in an oxygen-free environment. This treatment is a volumetric modification which
promotes surface oxidation and generates turbulence within the open pore structure, significantly increasing the
mass transfer coefficient, which improves current efficiencies and reduces energy consumption. The resulting
anodes display high repeatability, reproducibility, and corrosion resistance, as confirmed by SEM images and
Raman spectroscopy, which show well-dispersed photoactive fillers within the composite matrix.

These filters, modified with TiO2 and KVO, were tested as anode materials for electrolysis and additionally
combined with photodegradation, using a Xe arc lamp to simulate sunlight. Caffeine degradation, facilitated by
hydroxyl radicals generated via water oxidation on the anode surface, demonstrated their potential for
wastewatertreatment applications. The efficiency of caffeine degradation wasanalyzed using UV-Vis spectroscopy
and differential pulse voltammetry. The carbon-ceramic foam filters' highly developed surface and effective
modification make them a promising and valuable alternative for electrode materials in photoelectrochemical
processes.
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Carbon Fiber Reinforced Carbon (CFRC) composites are a group of advanced synthetic carbon materials dedicated
to demanding applications, such as space technologies [1-3]. Mostly the intermediates for their manufacture are
appropriately selected carbon fiber-based polymer composites. A special method for their manufacture is
pultrusion. It allows to obtain reinforced profiles or precast, which, arranged in the appropriate directions, are
preforms for the manufacture of CFRCs. The basic steps in obtaining pultruded rods are impregnation of fibers in
polymeric liquids, forming in matrices with appropriately designated heating zones and their simultaneous curing
[4]. These technological Dprocesses will vary depending on the type of raw materials or equipment used. A key
aspect is the selection and use of thermosetting polymers, such as phenol-formaldehyde resins.

The experiment used carbon fibers (based on polyacrylonitrile) and a commercial phenol-formaldehyde resin. The
goal of the work carried out was to obtain composite rods with a circular cross-section and a diameter of 2 mm
with a reinforcement share of 70% by weight.

The rods were formed in a continuous manner. Studies were performed on the effect of crosslinking time and
temperatures, the selection of temperatures in the heating zones, as well as the properties of the produced
composite rods. The rods were characterized by a circular cross-section of a given diameter, fully reflecting the
cross-section of the forming matric. The assumed share of reinforcement in the composite was also met. From
the obtained semi-finished products, 3-axes preforms were produced in hexagonal and regular arrangements.
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Controlled carbonization of polymer waste is a promising method for utilizing waste plastic and obtaining material
that can find use as an electrode material [1].

We show results of carbonization of plastic waste carbonized in an inert atmosphere. Waste polypropylene (PP),
acrylonitrile butadiene styrene (ABS), polyethylene terephthalate (PET), high-density polyethylene (HDPE),
polyamide (PA), low-density polyethylene (LDPE) and waste containing a mixture of polymers were used as input
material. The best carbonization efficiency (20%), by which we mean the mass of carbon material remaining after
the carbonization process relative to the mass of the input material, was obtained for PET.

In the presentation, we discuss and compare morphological properties of carbon materials based on SEM images,
surface distribution of elements based on SEM-EDX. The subject of comparative analysis is also the content of the
sp2-bonded carbon phase, estimated from Raman spectra, and specific surface area obtained using BET.

A summary of the results gives clues as to which of the materials obtained are the most promising for use as
electrodes in electrochemical devices.
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Waste-based carbonaceous magnetic adsorbents are huge prospective adsorbents because of their good
adsorption performance, low toxicity, chemical stability, and ease of separation and recovery. Many common
environmental pollutants, such as phenols, tetracycline, dyes, or heavy metals, have been removed from the
solution by MAC adsorption [1-3].

In this work to obtain adsorbents with magnetic properties, different types of biomass, as well as different iron -
containing compounds, thatis, FeCl3, FeCl2 and FeS04,, Fe2(S04)3 were used. The iron compounds were chosen
for several reasons: i) they are relatively inexpensive, ii) they are nontoxic, and iii) they are environmentally
friendly.

The starting material for MAC is plant-based biomass obtained locally in Lower Silesia, such as sawdust from pine
trees and sawdust from branches of ash-leaf maple. The excess solvent impregnation method was applied to
introduce iron particles.

The obtained adsorbents have been characterised by: elemental analysis for C, H, N and S ( Vario Il Elemental
Analyzer); porous texture determination from nitrogen adsorption isotherms at 77K ( NOVA 2200
,Quantachrome). Scanning electron microscopy (JSM 5800LV, Jeol) with energy-dispersive X-ray analysis (Link ISIS
300, Oxford) was applied to monitor the metal distribution of Fe-loaded char and the surface morphology of
activated carbons. The crystalline structure of the electrodes was evaluated by X-ray diffraction (Rigaku Ultima IV
diffractometer with CuKa radiation of A = 0,1542 nm). The magnetic properties were evaluated on the laboratory
neodymium magnet - balance test.

Adsorption of Congored (CR)and phenol (P), antrazine (A), and chromium (Cr) from aqueous solutions was carried
out at 24 Cin a static system.

It has been found that magnetic properties are determined to a greater extent by the amount of iron introduced
and not by the type of salt used. It has also been shown that only the mechanism of chromium adsorption is
affected by the magnetic properties due to the presence of iron.

Acknowledgements: This work was supported by Internal grant of Faculty of Chemistry, Wroclaw University of
Science and Technology
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Carbon materials have been used in various areas of physics, chemistry, biology and material science because of
its exceptional properties and diversity in structure. However, for wide range of applications surface properties
needs to be tunned as they are chemically inert and hydrophobicin nature. Functionalization of carbon surfaces
by the introduction of the functional groups/heteroatoms on the surface has emerged as a powerful strategy for
tailoring their surface properties. At the same time carbon materials physical and chemical properties strongly
depend not only on functional groups but also on the surface morphology. The aim of this work is to investigate
the impact of surface morphology such as surface defects [1], presence of edges [2] as well as surface curvature
[3] on the stability of functional groups on carbon materials. The extent of functionalization and its stability were
monitored via XPS, SIMS, RS, TEM and work function measurements. The results are discussed in terms of various
positions of surface functional groups, their stability and possible recombination pathways. For a comprehensive
understanding on molecular level of the phenomena taking place at the oxygen-functionalized carbon surfaces,
the experimental investigations were corroborated by theoretical modelling (DFT).

Acknowledgements: This work was supported by the National Science Centre, Poland, under grant no.
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The search fornew means that would effectively influence the pathological consequences of skeletal muscle immobilization is
an urgent priority request of modern biomedicine. Previously, the positive effect of C60 fullerenes, as the strong antioxidants,
against the background of muscle ischemia, mechanical muscle injury, and other muscle dysfunctions was established [1-3].
These carbon nanoparticles reliably protected muscle tissue from damage caused by oxidative stress. The nerve conduction
under stimulation of the rat muscle soleus after long-term immobilization of the hind limbs was studied using a clinical model
- rupture of the Achilles tendon. The analysis of force muscle response was performed on day 45 after the initiation of atrophy
by using tensometry. The water-soluble C60 fullerene was used as a therapeutic nanoagent at a daily oral dose of 1 mg/kg
during the experiment. The delay in the time of muscle contraction caused by 1 and 2 Hz stimulations revealed a sharpincreas e
from 98 + 6 ms in control to 443+8 and 487+7 ms after atrophy initiation, respectively (Fig. 1). This delay is associated with a
decrease in the conductivity of the nerve stimulus due to destructive changes in the nervous tissue caused by muscle atrophy.
In all the tests performed with the administration of water-soluble C60 fullerenes, an increase in nerve conduction by 31+2%
and 36+2% at 1 and 2 Hz stimulation, respectively, was detected in relation to the atrophy group (Fig. 1). This indicates the
presence of compensatory activation of the endogenous antioxidant system by C60 fullerenes in the process of dystrophic
changes caused by prolonged immobilization. Thus, the obtained results demonstrate the prospects of using water-soluble
C60 fullerene nanoparticles, which can alleviate pathological state in the muscular system that arises from skeletal muscle
atrophy.

Fig. 1. The time of the start of contraction of the rat muscle soleus after atrophy when using 1 and 2 Hz pools of non-relaxation
stimulation lasting 1800 s: atrophy and atrophy+C60 - contraction of the atrophied muscle soleus withoutthe introduction of
C60 fullerene nanoparticles and against the background of their introduction; *p<0.05 compared to control; #p<0.05 compared

to the atrophy group.
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Long time performance of the cornea implant is determined by stability of an UV-protecting modifier. Among the
most commonly used modifiers are peptides and polyphenols. However, their tendency to degrade under the UVR
shortens time of efficient protection and therefore contributes to ashortened lifespan of theimplant. Carbon dots
(CDs) are promising modifiers as they are more stable when exposed to the UVR. Moreover, due to the presence
of the various functional groups, CDs are easy to functionalize. Therefore, the objective of our study was to obtain
the carnosine-modified CDs and evaluate their stability under the UVR [1], [2].

Carbon dots were obtained by the microwave method using citricacid and urea as precursors. To purify the CDs
from unreacted synthesis substrates, they were heated to 370°C for 12h. To functionalize the carbon dots, equal
amount of the CDs and carnosine were mixed and incubated in dark for 24h. Then, the morphology of the CDs was
assessed with AFM (TopoMetrix Discoverer TMX 2000). The particles size was measured using the DLS method
(Zetasizer Nano ZS, Malvern). The structural studies were carried out using the Raman spectroscopy (WITec Alpha
300M+ spectrometer). The Stability of the CDs particles was measured with the UV Vis (Shimadzu) and FTIR
spectroscopy (Bruker Tensor 27). The fibroblasts viability was assessed after 3rd and 7th day of incubation.

The obtained results indicated the presence of the CDs with a size in a range of 6-20 nm. The Raman spectrum
shows the presence of D and G band at the 1375 cm-1 and 1596 cm-1, respectively. The relation of relative ID/IG
intensity was 0.95 which indicated the disordered nature of the CDs with poor crystalline framework. Further
structural studies indicated the presence of N-H groups on the CDs surface. The UV-Vis studies showed the
presence of absorption bands in a wavelength range of 280-440 nm. Subsequent in vitro studies showed no
cytotoxic effect of the CDs.

The results of the studies indicates CDs as a promising UV-protecting modifier for cornea tissue engineering.
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Hybrid textile materials are multi-layered construction consisting of a textile carrier, often made by the combination of different
yarns, and coating. Such materials are used for personal protective equipment (PPE) that provides complex protection against
multiple hazards. The role of the coating is most often to transport contaminants away from the protective material and to
provide protection against chemicals, heat and fire.

The use of carbon nanomaterials such as graphene as modifier for the coating of hybrid textile materials can significantly
impact on the thermal properties of the materials [1 - 3].

The object of the study was a nanocomposite foil made from graphene-modified polyurethane paste, which was also intended
to serve as a coating for a protective hybrid textile material. Nanocomposites were obtained by mixing polyurethane paste
with two different weight contents of graphene nanoparticles in a planetary mixer. Inthe study, 0.25and 0.5 wt % of graphene
were used. Nanocomposite foils were produced using the Tape Casting method and then cross-linked in a dryer. In summary,
three variants of the research materials were obtained: nanocomposite foils modified with 0.25and 0.5 wt % graphene,
respectively, and pure polyurethane without the addition of nanoparticles, serving as the reference sample. Thermal
properties and microstructure of the samples were investigated. The impact of graphene on the glass transition temperature
of the polyurethane paste was determined using differential scanning calorimetry. The thermal stability of obtained foils was
assessed using thermogravimetric analysis in two atmospheres — air and nitrogen.

An increase in the glass transition temperature of rigid segments of polyurethane was observed with the increased content of
graphene. Thermogravimetric analysis performed in an air atmosphere, showed an increase in the onset decomposition
temperature of the polyurethane paste with the application of 0,25 wt % graphene, while a decrease of this temperature was
observed with use of 0,5 wt % of graphene. The results of the thermogravimetric analysis performed in nitrogen atmosphere
indicated an increase in the onset decomposition temperature for both graphene contents. Overall, no contraindications were
demonstrated for the application of produced nanocomposite pastes as coating layers on textile carrier.
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Challenges in the area of gas sensors: low sensitivity, long reaction times and work- ing at elevated temperatures
can be solved by designing sensors composed of various active materials. In the present study, the nature of the
interface between core-shell AgPt nanoparticles and carbon structures (graphene oxide, graphene oxide doped
with nitrogen, reduced graphene oxide) was analysed, followed by their sensing properties towardsNO2. The best
sensing properties showed the AgPt@GO, which responded to NO2 concentrations below 1 ppm at room
temperature (RT). In addition, the tested material was characterised by stability and quick response (in the range
of 1-50 ppm at RT). The excellent characteristics of AgPt@GO are attributed to the generated nano-Schottky
junction, as demonstrated by dielectric spectroscopic experiments. The existence of a p-n junction was verified
for the other material. In the sensor investigations, the impact of variations in humidity (RH 3-50%) and
temperature (RT-250 C) on the response of the manufactured sensor systems and their selectivity (H2, CH4, H2S)
was examined. Furthermore, the electronic structure of obtained composites was studied in detail.
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Carbon is widely known for its exceptional thermal stability and resistance to thermal shocks, and because of that
carbon-carbon (C-C) composites are frequently used as refractory materials, heat shields, breaks and rocket
nozzles. The C-C composites are characterized by excellent mechanical properties, light weight, great thermal
stability, high thermal conductivity etc. [1]. Depending on the directionality of reinforcements they can be
classified as a 1D — unidirectional, 2D — laminates and, 3- or more axis reinforced composites. The fabrication
process consists of embedding carbon fibres in carbonrich resin or pitch matrix, which is subsequently carbonized
and followed by densification through chemical vapor deposition or liquid impregnation cycles. The C-C
compositesduetoits superiorthermal characteristicsand exceptional mechanical properties are particularly good
candidates forrocket motornozzles. These elements haveto withstandthe extreme thermal shocks, temperatures
up to 3000 oC, and significant mechanical loads due to high pressure of gases and the high-speed exhaust flow.
The main erosive mechanisms affecting the surface of nozzle are mass loss due to oxidation, ablation and
tribological loss [2]. Such conditions necessitate materials that not only possess high thermal conductivity to
dissipate heat effectively but also maintain structural integrity and resist oxidation and tribological wearing.

In this work we demonstrate the method of fabrication of 3D carbon reinforced carbon composite nozzle for
rocket motors. The presented method involves the impregnation of arranged carbon rod frames with phenolic-
formaldehyde resin and further heat processing - carbonization and re-densification. The velocity of ultrasonic
pulse was measured in order to examine dynamic elastic properties, and to check the uniformity of materials.
Preliminary results indicate that obtained composites can be successfully used in rocket motor applications.

—

Figure 1. Carbon fibre rod frame used for fabrication of 3D carbon-carbon composite.
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Cross-linked polyethylene (XLPE) is widely used as an insulation material in power cables. With recent
advancements in medium and high-voltage power transmission and distribution, there is a growing need for new
insulation materials that offer high performance, recyclability, and high operating temperatures as alternatives to
traditional XLPE insulation. Polypropylene (PP) has shown excellent properties, making it an attractive candidate
for medium and high-voltage direct current insulation and screening (Figure 1) [1,2]. It belongs to the group of
polyolefins whichcan be obtained through the processof polymerization of propylene monomers. PP can befound
in three stereo-specific configurations based on the attachment of methyl group (—CH3) on the polymer backbone
(syndiotactic, isotactic, and atactic) [1]. Theintrinsichigh meltingtemperature of PP allows it to carry highvoltages
and withstand higher working temperature thus avoiding the use of crosslinking agents. Moreover, PP does not
have impurities problems like XPLE and this favours the dielectric properties of PP [1]. Therefore, with respect to
XLPE, PP shows the advantages of enhancing thermal and electrical properties, no by-product formation, no
degassing treatment requirement, and is recyclable [1].

Thus, developing PP-based MV and HV power cable insulation and screens with enhanced electrical, thermal, and
mechanical properties is crucial for finding a recyclable insulation material. The advancements in nanodielectrics
suggest that nanotechnology could significantly improve the overall dielectric properties of PP-based materials.
This work explores the key aspects of PP-based nanocompositesfor MV and HV power cables, with a focus on how
different nanofiller parameters affect the dielectric, and mechanical properties, as well as the water treeing effect.
Based on the collected information, future directions for enhancing the properties of PP -based nanocomposites
for MV and HV power cables will be discussed.

Power
Cables

Figure 1. Different types of power cables used for electricity transmission and distribution [2].
References

[1] M. Adnan, Z. Abdul-Malek, K.Y. Lau, M. Tahir, IET Nanodielectrics, 4 (2021), 84-97.
[2] 1. Plesa, P.V. Notingher, C. Stancu, F. Wiesbrock, S. Schlogl, Polymers, 11 (2019), 24.

POLSKIE
@® > rowarzystwo
60 WEGLOWE



S The 11th Torunian Carbon Symposium
Tos Copernican revolution in carbon science (TCS 2024)
15-18.09.2024, Torun, Poland

Study of the oxidative thermal stabilization process of
hard coal tar pitch for carbon-carbon composites
matrix precursor

M.Gubernat!, R.Wielowski', M.Zambrzycki’, A.Fraczek-Szczypta®

1 AGH University of Krakow, Faculty of Materials Science and Ceramics, Av. Mickiewicza 30, 30-059, Cracow
Poland
Presenting author email: Maciej.Gubernat@agh.edu.pl

Keywords: coal tar pitch, oxidative stabilization, carbon-carbon composites, thermal analysis

Coal tar pitch (CTP) is a derivative of coal tar produced in coke production processes. CTP is widely used in the
synthetic carbon and graphite industry as a binder and impregnant. In addition CTP use as a binder in the
production of coarse-grained products, it is useful also for lithium-ion batteries anode material manufacture; in
the production of high-modulus carbon fibers; andin the production of carbon-carbon composite (CCC) matrices.
Research on CTP treatment and modification is of great application importance, including attempts to modify its
functional and processing properties, as well as to reduce the content of harmful CTP components, especially
polycyclic aromatic hydrocarbons (PAHs).

The use of CTP, especially in its isotropic form, for obtaining carbon fibers and CCC matrices requires oxidative
stabilization processes[1]. The stabilization processinvolves heating them in appropriately selected temperature
conditionsinan oxidizingatmospheretoremovevolatilefractionsoflight hydrocarbonsand toincorporate oxygen
atoms into the CTP structure, which additionally stabilize its structure. The stabilization process changes the
behavior of CTP during thermal processing, which no longer liquefies or liquefies in a limited way, depending on
theneed resulting fromthetechnology inwhichitis used. Uniaxial hot pressingand subsequent pyrolysis, demand
limited CTP viscosity and its reduced flow from the mold and from the formed material.

The study carried out tests on the stabilization of the currently widely used CTP with the trade name Carbores P
in order to determine its usefulness in CCC manufacturing. Stabilization was carried out at 180 - 2200Cfor 0.5 -
360hinanairatmosphere. Theinfluence of the stabilization process on the softening process was examined using
differential scanning calorimetry (DSC). Thermogravimetry (TG) was used to test thermal stability and residual
mass after heat treatment for stabilized samples of CTP.

Acknowledgements: This work was supported by National Centre for Research and Development, project no.
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In studying activated carbons, it becomes necessary to characterise them accurately, including determining the
specific surface area, pore size distribution, shape, and volume. The most commonly used analytical methods
related to the pore-filling phenomenon are mercury porosimetry and techniques for measuring of
adsorption/desorption isotherms. The complex structure of activated carbons and the presence of oxygen
functional groups are responsible for the different adsorption mechanisms in different areas of the carbonaceous
matter. Therefore, differential scanning calorimetry (DSC) can be a valuable and complementary research method
for activated carbons.

This paper presents the results of a thermal analysis study of activated carbon with varying porous structures.
Nitrogen adsorption/desorption measurements (77K) and thermal analysis studies by DSC using distilled water as
adsorbate were determined. Activated carbon was saturated with steam in a vacuum desiccator at room
temperature for 24 - 96 hours before testing. Measurements were carried out in the temperature range from -
50°Cto50°C, at a heating/coolingrate of 2°C/min, in a nitrogen environment. The reference sample was an empty
crucible. During the measurements, crystallisation and melting curves were recorded, which were used to
determine the characteristic temperatures Tmax (peak maximum temperature), Tonset (peak onset temperature)
and the enthalpy of the processes AH.

DSC, in the thermal analysis of activated carbons, makes it possible to determine the freezing and melting points
of frozen water in the adsorbed pores. The values of the freezing point of frozen water are in the range of -14.5°C
to -12.5°C. Frozen water's melting temperature values are at -0.5°C to 3°C. Two peaks can be seen in the DSC
curves, which show the melting of frozen water. The low-temperature peak represents the melting of waterinside
the pores, and the high-temperature peak represents the melting of water outside the pores.
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Tris(8-hydroxyquinoline)aluminum (Alg3) is well-known as a fluorescent complex showing electroluminescence
with a significant quantumyyield (Fig. 1). Since the pioneering report in 1987 by Tang and Van Slyke on efficient
green electroluminescence using Alg3 [1]; this compound has been applied as an electron transport layer as well
as a crucial light-emitting material for organic light-emitting diodes (OLED). The deposition process of Alg3 on
various materials (including, in particular, carbon materials) in the form of thin films, just like the properties of
these hybrid systems, has been widely described in the literature [2]. For a longtime, less attention has been paid
to the application/incorporation of Alg3 onto/into the porous materials. The problem may be the size of the Alg3
molecule, which is relatively small for this type of complex (~ 1 nm) [3], but on the other hand, its size may
determine the choice of a porous medium [4,5].

The states of tris(8-quinolinato)aluminum(lll) adsorbed in micro- and mesoporous carbon materials with different
pore sizes were investigated. Alg3 was successfully occluded intothe mesoporous carbons from the solution. The
adsorbed amount of Alg3 was effectively controlled by changing the concentration of Alg3 the solution. The state
of Alg3 inthe mesopore varied depending on the pore size as well as the adsorbed amount of Alg3, as revealed
by variation of the photoluminescence spectra. The pore size of the used carbon material allows for control of the
guest—guest interactions between Alg3 molecules and the host-guest interactions between Alg3 and the
mesopore.

Fig. 1. The concept of the measurements.

Acknowledgements: P.K. special thanks to the National Center for Research and Development (Poland) for
financial support of the research (contract project nr LIDER13/0303/2022). The authors would also like to thank
IDUB, OptoFoto, and Torun forthe grant title "Experimental and theoretical studies of nanostructured composite
photosensitive layers" 2021/22.

References

[1] C.W. Tang, S.A. VanSlyke, Appl. Phys. Lett., 51 (1987), 913-915.

[2] D. Zhang, K. Ryu, X. Liu, E. Polikarpov, J. Ly, M.E. Tompson, Ch. Zhou, Nano Lett., 6 (2006) 1880-1886
[3] W. Xie, W.-W. He, D.-Y. Du, S.-L. Li, Chem. Commun., 52 (2016) 3288-3291.

[4] M. Tagaya, K. Shinozaki, Y. Maruko, J. Appl. Chem., 2017, 1-10.

[5] G.-S. Yang, M.-N. Li, S.-L. Li, Y.-Q. Lan, J. Mater. Chem., 22 (2012) 17947-17953.

POLSKIE
@® > rowarzystwo
63 A\ WEGLOWE


mailto:gaudi@umk.pl

S The 11th Torunian Carbon Symposium

Tos Copernican revolution in carbon science (TCS 2024)
N 15-18.09.2024, Torur, Poland

Local Organizing
Committee

e PawetSzroeder, Polish Carbon Society, Kazimierz Wielki University in Bydgoszcz - chairman
e AnetaFraczek-Szczypta, Polish Carbon Society, AGH University of Krakow - vice-chairman
e Mirostawa Pawlyta, Polish Carbon Society, Silesian University of Technology in Gliwice - vice-chairman
e Piotr Gauden, Polish Carbon Society, Nicolaus Copernicus University in Torun - secretary
e Katarzyna Roszek, Nicolaus Copernicus University in Toruni

e Lidia Mosinska, Polish Carbon Society, Kazimierz Wielki University in Bydgoszcz

e Przemystaw Zidtkowski, Kazimierz Wielki University in Bydgoszcz

POLSKIE
@® > rowarzystwo
64 A\ WEGLOWE



S The 11th Torunian Carbon Symposium

Tos Copernican revolution in carbon science (TCS 2024)
N 15-18.09.2024, Torur, Poland

Local Programme
Committee

e Anna Boczkowska, Warsaw University of Technology

e Stawomir Boncel, Silesian University of Technology

e Bogustaw Buszewski, Kujawsko-Pomorskie Science and Technology Center
e Piotr Cwik, Tokai Cobex Polska

e Aneta Fraczek-Szczypta, AGH University of Krakow

e Piotr Gauden, Nicolaus Copernicus University

e Maciej Gubernat, AGH University of Krakow

e Grazyna Gryglewicz, Wroctaw University of Science and Technology
e Dawid Janas, Silesian University of Technology

e Piotr Kamedulski, Nicolaus Copernicus University

e Mateusz Kempiniski, Adam Mickiewicz University

e Andrzej Kotarba, Jagiellonian University

e Jerzy tukaszewicz, Nicolaus Copernicus University

e Jacek Ogorek, Tokai Cobex Polska

e Tomasz Ogdrek, SGL Graphite Solutions Polska

e Sandra Paszkiewicz, West Pomeranian University of Technology in Szczecin
e Jaromir Patyk, Nicolaus Copernicus University

e Mirostawa Pawlyta, Silesian University of Technology

e Beata Plewa, Tokai Cobex Polska

e Grzegorz Rogowski, Tokai Cobex Polska

e Marcin Rzeminski, SGL Graphite Solutions Polska

e Pawet Szroeder, Kazimierz Wielki University in Bydgoszcz

e Marek Wisniewski, Nicolaus Copernicus University

POLSKIE
@® > rowarzystwo
65 A\ WEGLOWE



S The 11th Torunian Carbon Symposium

Tos Copernican revolution in carbon science (TCS 2024)
N 15-18.09.2024, Torur, Poland

International Advisory
Board

e Alexander Kromka, Lucie Bacakova, Czech Republic
e Peter Scharff, Mark H. Rummeli, Germany

e Yurii Gun'ko, Ukraine

e Teresa ). Bandosz, USA

e Frangois Béguin, Stanistaw Btazewicz, Elzbieta Frackowiak, Poland
e Maria Elektorowicz, Canada

e Maria Jesus Lazaro, Spain

e Yuriy Prylutskyy, Ukraine

e Barbara Apicella, Italy

e Krisztina Laszlo, Hungary

e Manuel Fernando Ribeiro Pereira, Portugal

e Christ Ewels, France

e Agustin F. Perez-Cadenas, Spain

e Nathalie Job, Université de Liege - UR Chemical Engineering, Belgium

POLSKIE
@® > rowarzystwo
66 A\ WEGLOWE



S The 11th Torunian Carbon Symposium
Tos Copernican revolution in carbon science (TCS 2024)
15-18.09.2024, Torun, Poland

Conference partners

The gold sponsor of the Xl Torunian Carbon Symposium is

@ TOKAI COBEX

e Tokai COBEX is a a global company producing high-quality carbon and graphite products. The product
portfolio range includes cathode blocks for aluminum smelting and linings for blast furnaces which are
used for the production of pig iron. Tokai COBEX also produces carbon electrodes and Soederberg paste
used in metallurgical smelting processes for products such as silicon metal, as well as speciality graphite
for a variety of applications e.g. in the chemical industry.

e The Kujawsko-Pomorskie Voivodeship. The region's strong scientific position is historically established.
Nicolaus Copernicus, Albert Michelson and Jan Czochralski came from here. These outstanding
personalities also include Prof. Kazimierz Antonowicz, founder of the Polish school of carbon science and
pioneer of research on high-temperature superconductivity in carbon materials.

e CotiConferenceis a company with 15 years' experience, specialising in providing financial and technical
support for scientificand specialist conferences from several dozen to several hundred participants.

POLSKIE
@® > rowarzystwo
67 A\ WEGLOWE



S The 11th Torunian Carbon Symposium

Tos Copernican revolution in carbon science (TCS 2024)
N 15-18.09.2024, Torur, Poland

Conference patrons

Mr Piotr Catbecki Mr Pawet Gulewski
Marshall of the Kujawsko-Pomorskie Mayor of the City of Torun
Voivodship

Marszatek Wojewodztwa
Kujawsko-Pomorskiego
Piotr Catbecki

Prezydent Miasta Torunia
Pawel Gulewski

prof. Jacek Wozny
Rector of the Kazimierz Wielki University in
Bydgoszcz

prof. Ph.D. engineer Jerzy Lis Rector
of the AGH University of Krakow

https://www.ukw.edu.pl/ A G H

https://www.agh.edu.pl

POLSKIE
@® > rowarzystwo
68 A\ WEGLOWE



S The 11th Torunian Carbon Symposium

Tos Copernican revolution in carbon science (TCS 2024)
N 15-18.09.2024, Torur, Poland

prof. Ph.D. engineer Arkadiusz Mezyk The European Carbon Association
(ECA)

Rector of the Silesian University of
Technology in Gliwice

Politechnika
laska

https://europeancarbon.eu

https://www.polsl.pl

prof. Ph.D. engineer Anna Boczkowska prof. Ph.D. Iwona takomska
Dean of Faculty of Materials Science and Dean of Faculty of Chemistry,
Engineering, Warsaw University of Nicolaus Copernicus University in
Technology Torun
https://www.wim.pw.edu.pl/wim en https://www.chem.umk.pl/en/

3 Kujawsko-Pomorskie
KUJAWY Region
POMORZE

Subsidized from the budget of the Kujawsko-Pomorskie Region

POLSKIE
@® > rowarzystwo
69 A\ WEGLOWE


https://europeancarbon.eu/
https://www.wim.pw.edu.pl/wim_en
https://www.chem.umk.pl/en/

Index

The 11th Torunian Carbon Symposium

Copernican revolution in carbon science (TCS 2024)

15-18.09.2024, Torun, Poland

Apicella B., 10
Aubrechtova Dragounova K., 44
BéguinF., 8

Benko A, 29, 32, 48
Bialoruski M., 25, 39, 54
Biniak S., 63

Binkowski P., 43
Btajet-Kosicka A., 27, 41, 42
Boczkowska A., 57
Bogdanowicz R., 50
Bogun M., 30

Bogutska K., 55
Brzezinska K., 62

Bulatké A., 19
Cazorla-Amorés D., 9
Cholewa-Kowalska K., 48
Ciajolo A., 10

CzajaP., 37

Czégény Z., 26

Dtugon E., 16
Dobrzyniskal., 15
Duraczynska D., 15
Dziadek M., 29, 48
Dzienia A., 14

Farkas A., 19

FicK., 21

Frackowiak E., 22
Franskevych D., 31
Frackowiak E., 18
Fraczek-Szczypta A., 32, 33, 37, 38, 59, 61
Furmaniak S., 27, 41, 42
GajewskaK., 20

Galek P., 21

Gancarz P., 7

GaudenP., 27, 28, 41, 42, 43, 63
Golda-Cepa M., 39
GotembiewskiR., 43
Gonchar 0., 31

Gonzélez Z., 23
Grabowska W., 53
Gryglewicz G., 20, 23, 46
Gubernat M., 32, 33, 37, 51, 59, 61
GurgullJ., 15

Horvath L., 24

llavsky J., 7

Irzmanska E., 57
Jackivova R., 44

Janas D., 14

Jeleniewska Z., 50

Jelen P., 32, 56
Jurczyk-Kowalska M., 57
Jurkiewicz K., 7

70

JustD., 14
Kaczmarzyk 1., 50
KamedulskiP., 27, 28, 41, 42, 43, 52, 63
Khodadadiyazdi M., 47
Klimek A., 22

Kmita A., 32

Kopacz M., 16
Korczynska l., 60
Kordek-Khalil K., 49
Kotarba A., 25, 39, 54
Kromka A., 11
Krzyzak A., 30
Kubacki J., 58

Kubiak B., 52

Kumar D., 25, 39, 54
Kurpanik R., 30, 56
Kurtulus S., 28, 43, 63
Lamrani T., 7

Lasota S., 39

Laszczyk K., 43

LaszIé K., 19, 24, 26
Legutko P., 25, 54
Lesiak P., 60

LeckiJ., 62

Liptak K., 26

Liszka B., 7
Lorenc-GrabowskaE., 17, 53
LukowiecD., 58
tukaszewicz J., 28, 43
Madajski P., 43, 45
Madarasz J., 19
Madeja Z., 39
Makomaski G., 62
Manohar A., 47
Maser W., 6

Matei Ghimbeu C., 22
Matvienko T., 31, 55
Mazur W., 30
Medina-Cruz D., 29
Menzell., 21

Minta D., 23, 46
Mohai M., 19, 26
Morallon E., 9
Mosinska L., 44
Motuziuk O., 31
Moyseowicz A., 20, 46
Németh P., 26
Nokielski P., 7
Nozdrenko D., 31, 55
Nurishchenko N., 31
Olejniczak A., 43
Onyshchenko 0., 50

O

POLSKIE
TOWARZYSTWO
WEGLOWE



Ortega Medina Z., 60
Pachniewska ., 43
PacutaA., 15
Pampuhall., 55
Paszkiewicz S., 60
Pawlyta M., 34, 49
Pazdyk-Slaby W., 38
Piekarczyk W., 32, 33, 37, 59
Piesowicz E., 60

Pietrzyk P., 15

Piskorz W., 25, 39, 54
Ptatek-Mielczarek A., 21
Popielarski P., 44
Procek M., 58
Prylutskyy Y., 31, 55
Przes$niak-Welenc M., 50
Radon A., 58

Resner L., 60

Ritter U., 55
Ruggiero-Mikotajczyk M., 15
Russo C., 10

Rutkowski P., 49

Ryl J., 47, 50

Sahalianov I., 35

Scharff P., 12, 31
Sebestyén Z., 19, 24
Smykala S., 7

Soroca V., 31

SrokaS., 21

Stachewicz U., 16, 36
Stetska V., 31

71

The 11th Torunian Carbon Symposium

Copernican revolution in carbon science (TCS 2024)

15-18.09.2024, Torun, Poland

Stodolak-Zych E., 30, 56
Stojeckil., 51

Strycharz K., 57

Szatkowska M., 32, 51
SzatkowskiP., 32, 51
Szczesny R., 44, 63
SzegediA., 26

Szewczyk P., 16, 36
Szroeder P., 35, 45, 52
Sztyler M., 27

Scigata A., 28, 41, 42, 43, 63
Scistowska-Czarnecka A., 30, 56
Slepski P., 50

SlesinskiA., 18

Talik E., 7

Tompos A., 26

Tregrossi A., 10

TrucT., 26

Trykowski G., 45

Waclawek S., 58

Walendzik 1., 49

Walkowiak M., 7

Wasiak T., 58

WebsterT., 29

Wielowski R., 32, 33, 37, 51, 59, 61
Wieckowska A., 44

wilk S., 29, 48

Zaleski F., 46

Zambrzycki M., 29, 32, 33, 59, 61
Ziétkowski P., 45

Zych t., 56

POLSKIE
‘.) TOWARZYSTWO

WEGLOWE



