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Ferrosilicon-Boron Alloys for Ultra High Temperature, High Density Thermal Energy
Storage

Alejandro Datas', Jianmeng Jiao?, Maria Wallin?, Merete Tangstad?

!nstituto de Energia Solar - Universidad Politécnica de Madrid, Spain
’Norwegian University of Science and Technology, Trondheim, Norway

Ferrosilicon—boron (FeSiB) alloys are emerging as highly promising phase-change materials (PCMs) for
ultra-high-temperature thermal energy storage. Their exceptionally large latent heat of fusion (> 1 MWh/m?)
and potentially low production cost (< 5 €/kg) enable compact, low-cost storage systems capable of operating
at 1200—1500 °C. In such systems, energy is stored by melting the FeSiB alloy and later dispatched as heat or
converted to electricity through thermophotovoltaic (TPV) or other conversion pathways. Research on these
materials has progressed significantly since 2017 through two EU-funded projects. The AMADEUS project
(2017-2019) established the fundamental principles of ultra-high temperature latent-heat thermal storage and
demonstrated a first laboratory-scale prototype using Si—B and FeSiB alloys. Building on this foundation, the
ongoing THERMOBAT project (2022-2026) is developing a pre-industrial prototype containing more than
100 L of FeSiB alloy, designed to store surplus renewable electricity and deliver combined heat and power
on demand. THERMOBAT also targets low-cost, sustainable production routes for FeSiB alloys to enable
future scale-up and industrial deployment. This presentation will introduce the latent-heat thermal battery
conceptl, summarize recent technical advances achieved within THERMOBAT, and discuss techno-economic
considerations, key challenges, and commercialization prospects. A comparative overview of competing ultra-
high-temperature storage technologies—such as graphite-based sensible-heat systems—will also be provided
to contextualize FeSiB alloy—based solutions within the broader energy-storage landscape.

Keywords: Thermal Energy Storage, Thermophotovoltaics, Concentrated Solar Power
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Enhancing the Superconducting Properties of MgB, Wires Using Carbon-Coated Boron
and Low-Temperature Activators

Ali Gencer', Chen Guo?, Fatima Al-Mokdad?®, Fatih Erviiz', Haluk Koralay*, Yusuf Oznal', Serap Safran',
Ayten Seckin®, Kivileim Sonmez', Salih Can Tagkin!, Dongliang Wand?, Yanwei Ma?

!Ankara University, Superconductor Technologies Application and Research Center, Ankara, Tiirkiye

2Chinese Academy of Sciences, Institute of Electrical Engineering, Key Laboratory of Applied Superconductivity, Beijing 100190,
Peoples Republic of China

‘Ankara University, Graduate School of Natural and Applied Sciences, Ankara, Tiirkiye

“Gazi University, Science Faculty, Physics Department, Ankara, Tiirkiye

’Gazi University, Basic and Engineering Sciences Central Laboratory Application and Research Center (GUTMAM), Ankara,
Tiirkiye

Magnesium diboride (MgB,) is widely recognized as one of the most promising superconducting materials for
practical applications around 20 K, offering advantages in both cryogenic efficiency and material cost. Among
the fabrication techniques for MgB, wires, the Powder-in-Tube (PIT) and Internal Magnesium Diffusion
(IMD) methods are commonly employed to produce a dense MgB, phase with improved grain connectivity,
leading to enhanced transport critical current density (Jc). Recently, IMD-processed wires have attracted
significant attention, with research efforts focused on optimizing their structural uniformity and filling factor.
Tiirkiye, possessing some of the world’s largest and purest boron reserves, has demonstrated strong capability
in producing high-quality amorphous boron powders suitable for MgB, formation and use in wire fabrication.
While extensive research over the past two decades has primarily utilized the PIT method with notable
achievements, the IMD process has recently gained prominence for its superior performance with increase
in Jc. In this study, recent advancements in developing high-performance, long-length MgB, wires using an
improved IMD technique for high-magnetic-field applications are to be presented. The objective is to enhance
the critical current capacity of IMD-processed wires through the use of carbon-coated boron powders and low-
temperature activators such as copper (Cu) and tin (Sn). This approach aims to enable the production of MgB,
wires suitable for large-scale, high TRL for applications. The temperature-dependent resistivity measurements
were performed to evaluate the influence of Sn and Cu coatings, as well as sintering conditions, on the onset of
superconductivity. Additionally, transport Jc measurements were conducted under magnetic fields of 10 T. Our
results indicate that resistivity measurements are highly sensitive to microstructural variations, impurities, and
defects, which can significantly influence experimental outcomes. Both Cu and Sn activators are found to be
effective in increasing physical properties relevant for potential applications. However, underlying mechanism
is yet to be fully understood for further performance enhancement. To achieve a comprehensive understanding
of these effects, more sophisticated experimental work with detailed quantitative analysis into the underlying
mechanisms is needful. This work has been supported by TUBITAK and Chinese Academy of Sciences (CAS)
via Bilateral Cooperation under contract No: 123N624

Keywords: Low Temperature Activators, Critical Current Density, Amorphous Boron Powder
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Recent Progress of Hydrogen Boride and Boron Monosulfide

Takahiro Kondo!

!Institute of Pure and Applied Sciences, University of Tsukuba

We have experimentally synthesized hydrogen boride (HB) nanosheets [1] and boron monosulfide (BS)
nanosheets [2]. The bandgap of BS nanosheets was found to be tuned to a desired value by controlling the
number of stacking BS nanosheets [2]. Moreover, the stacked BS nanosheets, rhombohedral BS (r-BS), is
found to be as a p-type semiconductor [3,4] and have a great electrocatalytic property for oxygen evolution
reaction in alkaline solution [5,6]. HB nanosheets are composed of boron and hydrogen at a 1:1 stoichiometric
ratio, which can be formed by an ion-exchange reaction between protons and magnesium cations in magnesium
diboride with exfoliation [1,7]. In the HB nanosheets, boron atoms form a hexagonal 2D network, in which
hydrogen atoms are bound to boron by 3-center-2-electron bonds (B—H—B) and 2-center-2-electron bonds (B—
H) [8,9]. Experimental studies have clarified that HB nanosheets exhibit solid acid catalytic activity [10,11],
metal ion reducibility [12,13], gas-sensor applicability [8], stability against water [14, 15], CO adsorption/
conversion property including C-C coupling [16], a light-responsive hydrogen release function [17-21],
electric field induced hydrogen release function [22] and material for inactivate viruses, bacteria, and fungi
within minutes in the dark conditions [23]. In the presentation, recent progress of BS and HB nanosheets will
be introduced by focusing hydrogen creation, storage and usage.

References: [1] H. Nishino, T. Kondo, et al., J. Am. Chem. Soc. 139, 13761 (2017). [2] H. Kusaka, T. Kondo,
etal.,J. Mater. Chem. A 9, 24631 (2021). [3] N. Watanabe, T. Kondo, et al., Molecules 28, 1896 (2023). [4] K.
Sugawara, T. Kondo, et al., Nano Lett. 23, 1673 (2023). [5] L. Li, T. Kondo, et al., Chem. Eng. J. 471, 144489
(2023). [6] L. Li, T. Kondo, et al., Sci. Technol. Adv. Mater. 24, 2277681 (2023). [7] T. Kondo, Chem. Lett.
52, 611 (2023). [8] S. Tominaka, T. Kondo, et al., Chem 6, 406 (2020). [9] S. Ito, T. Kondo, et al., J. Phys.
Chem. Lett. 15 (2024) 10965. [10] A. Fujino, T. Kondo, et al., ACS Omega, 4, 14100 (2019). [11] A. Fujino,
T. Kondo, et al., Phys. Chem. Chem. Phys. 23, 7724 (2021). [12] S. L. Ito, T. Kondo, et al., Chem. Lett. 49,
789 (2020). [13] N. Noguchi, T. Kondo, et al., Molecules 27, 8261 (2022). [14] K. 1. Rojas, T. Kondo, et al.,
Commun. Mate. 2, 81 (2021). [15] S. Ito, T. Kondo, et al., Phys. Chem. Chem. Phys. 25, 15531 (2023). [16]
T. Goto, Kondo, et al., Commun. Chem. 5, 118 (2022). [17] R. Kawamura, T. Kondo, et al., Nat. Commun.
10, 4880 (2019). [18] M. Hikichi, T. Kondo, et al., Adv. Mater. Int. 10, 2300414 (2023). [19] C. Shimada, T.
Kondo, M. Miyauchi, et al., ACS Appl. Mater. Interfaces, 16 (2024) 35225. [20] J. Takeshita, T. Kondo, M.
Miyauchi, Adv. Sci. 11 (2024) 2405981. [21] A. Mauliana, T. Kondo, M. Miyauchi, Small 20 (2024) 2404986.
[22] S. Kawamura, T. Kondo, M. Miyauchi, et al., Small 20 (2024) 2310239. [23] T. Nagai, T. Kondo, M.

Miyauchi, et al., J. Mater. Chem. B 13 (2025) 5723.

Keywords: Hydrogen Boride, Boron Monosulfide, Boride, Hydrogen, Two-dimensional Materials

(b)

~

e ROKA P,

Z X
Co L e o 0 0 0
5| LI ‘
X

Fig. 1: Schematic image of (a) hydrogen boride sheet, and (b) boron monosulfide sheet.
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Magnetic Microwires: Giant Magnetoimpedance and Bistability for Sensor Applications
with an Impact on Energy Related Technologies

Manuel Vazquez'

nstitute of Materials Science of Madrid, CSIC

Amorphous alloys microwires have attracted considerable attention in recent years due to their unique magnetic
properties, which underlie their use as sensing elements in various sensor devices. The atomically disordered
nature of these systems is achieved through rapid solidification (e.g., from 1200 °C down to room temperature
in 10-5/10¢ s) techniques such as in-water-quenching and quenching and drawing. A typical alloy composition
is FeCoSiB, where the magnetogenic Fe and Co atoms provide the magnetic character while non-metallic
elements, particularly B, are needed to prevent crystallization (i.e., magnetocrtystalline anisotropy) during the
quenching process. Subsequent controlled thermal treatments can cause nanocrystalization, induce engineered
magnetic anisotropies and ultimately unwanted growth of larger crystals. The presentation will cover: 1) the
manufacturing of both types of microwires, including videos, ii) their fundamental soft magnetism, and 1iii)
the description of different sensor applications. The unique properties of amorphous microwires are related
to their magnetoelastic anisotropy inherent to the mechanical stresses frozen-in during rapid solidification.
Fe-rich alloys have a large and positive magnetostriction (~3x10” ppm) that generates a strong uniaxial
anisotropy and the so-called magnetic bistability, while Co-base alloys exhibit a negative magnetostriction
(-2x10° ppm) with circumferential anisotropy. Outstandingly, for Fe/Co compositional ratio close to 5%,
magnetostriction vanishes and its extremely high initial susceptibility (~10°) gives rise to the observed
phenomenon of giant magnetoimpedance, GMI. Various sensor devices employing magnetic microwires,
based on giant magnetoimpedance and magnetic bistability, will be described. These applications include
particularly sensors for magnetic-field, mechanical stress and temperature detection. Other applications will
be also addressed, such as electromagnetic shielding based on the microwave properties, encoding with
domain walls or as magnetoelastic microactuators. All these applications are relevant because of their impact
on energy technologies mainly due to the tiny size, adaptable shape and low energy consumption to magnetize
microwires thanks to their magnetic softness.

References: [1] “Advanced Magnetic Microwires”, M. Vazquez in Handbook of Magnetism and Magnetic
Materials, H. Kronmiiller and S. Parkin editors (J. Wiley Vol 4, 2192-2222) 2007. [2] “Magnetic Nano and
Microwires: Design, Synthesis, Properties and Applications” 2nd edition, M. Vazquez editor (Elsevier, 2020)
[3] “Cylindrical micro and nanowires: Fabrication, properties and applications”, J. Alam et al., J. Magn. Magn.
Mater., 513 (2020) 167074

Keywords: Magnetism, Microwires, Sensors, Magnetoimepdance, Bistability
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Recent Progress on MgB, Superconductors

Hiroaki Kumakura!

National Institute for Materials Science, Tsukuba, Japan

MgB, superconductors are promising candidates as conductors of various electric devise such as electric
magnet, power cable, etc. In this meeting I will talk about recent progress of MgB, wires and tapes. Emphasis
is put on the (micro)structure of MgB, which sensitively influences critical current density, Jc, of MgB, wires
and tapes. Most popular method of MgB, wire fabrication is in situ PIT method, where mixture of Mg and
B powder is used. Generally, the relative density of MgB, core in an in-situ PIT MgB, wire is as small as
~50%, not very far from the predicted percolation threshold density, 25-30%. Hot pressing and hot isostatic
pressing (HIP) are effective in increasing the density up to ~70% and improvement of Jc values are obtained.
Cold pressing before the heat treatment is also effective in increasing the density of MgB, and hence, Jc
values. Other promising method to increase the MgB, core density is the mechanical alloying and mechanical
milling of the starting mixed powder. A high quality MgB, crystal shows low upper critical field, H ,, with
large H , anisotropy. In MgB, wire having random grain orientation, the number of normal conducting MgB,
grains increases with increasing applied magnetic field between H_(Hlc-axis) and H_(Hla,b-axis). Thus,
superconducting current paths become more limited and Jc decreases rapidly with increasing applied field in
this field region. Carbon substitution for B site is effective not only in increasing H_, but also in decreasing the
anisotropy of H_,, both of which much improve the field dependence of Jc. The most popular carbon source is
SiC, however, impurities such as Mg,Si precipitate in the MgB, matrix. Hydrocarbon or organic acid doping
doesn’t introduce such impurities and brings about higher Jc values than SiC doping. Ex situ PIT method
produces higher MgB, density than in situ PIT method. However, higher heat treatment temperatures, ~900
°C, are required, resulting in higher Tc but lower H , than those of in situ PIT wires. Thus, rapid decrease of J¢
with increasing magnetic field is obtained. However, higher Tc results in higher Jc at high temperatures above
20K and low applied fields. Thus, ex situ PIT wires are promising candidates for high temperature and low field
applications such as power cable and low field magnet. Internal Mg diffusion (IMD) method realizes higher
density of MgB, core, around 80%, and much higher Jc values are obtained than those of PIT wires. However,
Jc homogeneity of IMD long wire is not as good as that of PIT wires probably due to the inhomogeneity of
cross-sectional area of MgB, layer along the long wire. Small coils have already been fabricated applying
IMD method and tested. At the end of my talk, I will mention several promising applications of MgB, wires
and tapes such as MRI, power cable, accelerator magnet, etc.

Keywords: MgB, Wires and Tapes, In-situ PIT Method, Internal Mg Diffusion (IMD) Method, Superconductors
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MgB, Wires and Tapes at ASG Superconductors: State of the Art and Future Perspectives

Andrea Tumino!, Gianni Grasso!, Alberto Ansaldo!, Paola Mauceri!, Fabrizio Mazzei', Tiziana Spina!,
Matteo Tropeano'

'ASG Superconductors SpA, Genova, Italy

The production process at ASG Superconductors facilitates the fabrication of MgB, based wires and tapes with
lengths reaching up to 5-6 km, featuring diverse layouts tailored to meet the specific requirements of various
applications. Boron plays a key role in this type of production as it largely determines the superconducting
properties of MgB,. Key parameters are purity, morphology, and doping. These characteristics also significantly
determine the cost of boron. These conductors exhibit robust mechanical properties, rendering them suitable
for the react-and-wind technique in magnet manufacturing and the react-and-cabling process for power cables.
Both tape and round wire configurations are commercially available in a range of sizes. The availability
of custom-developed powders with varying doping levels enhances the performance of these conductors in
magnetic fields up to 4-5 Tesla, ensuring optimized functionality across different operational conditions and
applications. Round wires are particularly adaptable for power cable applications, offering flexibility in terms
of wire diameter, filament size, twist pitch, and coating options such as copper, allowing for customization
based on specific design-application requirements. This work will provide a comprehensive overview of the
characteristics of the wires produced and commercialized, highlighting their primary applications in fields
such as magnet technology and DC-or-AC power transmission.Ongoing R&D activities aimed at enhancing
the performance of these wires will be discussed, focusing on emerging applications including high-field
fast ramping magnets, AC applications, superconducting magnetic energy storage (SMES), fault current
limiters (FCL) and AC power transmission cables. These advancements are poised to open new frontiers
in superconducting technology, enabling more efficient and versatile use of MgB, wires across a broader
spectrum of industries.

Keywords: MgB,, Powder-in-tube (PIT), Boron, Superconducting Wires
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Boron Hydrides: A Fuel of Choice for p-B Fusion?

Michael Londesborough', Marcel Ehn', Jonathan Bould', Miroslav Krus?

! nstitute of Inorganic Chemistry, Academy of Sciences of the Czech Republic
’Institute of Plasma Physics of the Czech Academy of Sciences

Aneutronic proton—boron (p—B) fusion — in which a proton fuses with a boron-11 nucleus to produce three
alpha particles — promises a revolutionary source of clean, radiation-free energy. Yet despite its appeal,
progress towards a practical p—B fusion fuel has been limited. To date, most experimental targets have relied
on boron compounds containing additional elements such as nitrogen, silicon, or carbon-rich polymers. These
materials not only dilute the boron content but also introduce unwanted contaminants that divert energy away
from the desired fusion reaction. In this context, boron hydrides (boranes) represent an intriguing and largely
unexplored alternative. Composed solely of boron and hydrogen, boranes form a rich family of polyhedral,
spherically aromatic clusters. Though absent in nature, they can be readily synthesised in laboratories like our
own from abundant raw materials, with production scalable from milligrams to kilograms. In this contribution,
we report the first demonstration of solid boranes as a fuel for laser-driven p—B fusion [1]. Using an “in-target”
geometry, the solid boron hydride anti-B,;H., (octadecaborane) produced a remarkable yield of approximately
10° alpha particles per steradian under sub-nanosecond, low-contrast laser irradiation (PALS, ~10'®* W cm™).
This result not only highlights the promise of boron hydrides as efficient and clean fusion fuels, but also opens
a new avenue for exploring molecularly engineered targets in aneutronic fusion research.

Reference: [1] High Yield of Alpha Particles Generated in Proton-Boron Nuclear Fusion Reactions Induced
in Solid Boron Hydride B, _H, , https://arxiv.org/html/2407.06729v1.

1877222

Acknowledgements: This work was performed jointly at the Institute of Inorganic Chemistry of the Czech
Republic and at the PALS Research Infrastructure supported by a program of Ministry of Education, Youth
and Sports of the Czech Republic (project No. LM2023068). This research is partially funded by Czech
Science Agency, project No. GA23-07563S and from the European Union’s Horizon Europe research and
innovation programme under grant agreement no 101096317.

Keywords: Boranes, Proton-Boron Fusion, Boron Energy
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Figure 1. pB fusion from B H.,, targets - compressed discs and porous foams.
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Expanding the Search-Space for Luminescent Macropolyhedral Boranes

Jonathan Bould', Marcel Ehn', Michael Londesborough'

nstitute of inorganic Chemistry of the Czech Academy of Sciences

The synthesis of this first macropolyhedral binary borane B ;H,, was reported in the 1960s. It exists in two
isomers syn- and anti-B (H,,. It was recognised early that the anti-isomer exhibits a strong blue fluorescence.
However, it is only recently that this property has begun to be examined and exploited with its use as the gain
medium in the first borane laser. Anti-B, ;H., fluorescent properties may be modified by the introduction of
substituents, but it was thought that only this macropolyhedral isomer was capable of fluorescence. We have,
however, been able to synthesise new macropolyhedral species, including larger 19-vertex species that are also
found to exhibit a range of luminescent properties. These macropolyhedral species are very different from the
previously unique fluorescent binary borane B ;H.,, in terms of their structural architectures, by the presence
of borane cluster hetero atoms and that, importantly, their synthetic origins are not necessarily derived simply
through the modification of B ;H., itself. Aspects of the syntheses, structures and photophysical properties will
be discussed. This work was supported by the Czech Science Foundation, Project No. 23-07563S.

Keywords: Boranes, Macropolyhedral, Luminescence, Energy
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Laser Borane and Plasma Studies with Blan Derivatives

Marcel Ehn', Jonathan Bould', Michael Londesborough'

! nstitute of Inorganic Chemistry, Academy of Sciences of the Czech Republic

In the quest for new and improved laser systems based on B (H, ,, we studied (besides substitution in the cluster
where boron is substituted for different element — see Jonathan Bould's abstract) substitution on the cluster,
where hydrogens are substituted for different elements. In this presentation the focus is on the chlorination of
octadecaborane (B ,H,,). We report on the synthesis, separation, and photophysical characterization of several
chlorinated derivatives of B ,H, . The influence of temperatures, resulting in a variety of substitution patterns
on the 18-vertex boron cluster is discussed. Photophysical properties of selected compounds were examined.
This provides valuable insights into the effects of chlorination on the photophysics of octadecaborane and,
more generally, inform on how substituent position on the boron cluster influences wavelength of emission,
excited state lifetimes and quantum yield. Together, this information could offer a new avenue for the design of
a B18-derivative molecular system with enhanced emission properties. Then application of these compounds
for study of plasma properties is discussed as part of broader project Vortex 4 fusion, which aims to deliver
more information about boranes as potential fusion fuel (see Michael Londesborough's abstract).

Acknowledgements: This work was performed jointly at the Institute of Inorganic Chemistry of the Czech
Republic and at the PALS Research Infrastructure supported by a program of Ministry of Education, Youth
and Sports of the Czech Republic (project No. LM2023068). This research is partially funded by Czech
Science Agency, project No. GA23-07563S and from the European Union’s Horizon Europe research and
innovation programme under grant agreement no 101096317.

Keywords: Boranes, Octadecaborane, Borane Laser, Plasma
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Evaluation of Cobalt Boride Electrodes for Supercapacitor Applications

Mehtap Arslan Kaba!, Servet Timur!, Giildem Kartal Sireli’

Istanbul Technical University

The rapid growth of the world population and the extensive use of fossil fuels have increased the demand for
green and sustainable energy sources. In this context, supercapacitors have attracted significant attention due to
their high surface area, specific capacitance, and power density [1]. As electrode materials for supercapacitors,
transition metal compounds exhibit pseudocapacitive behavior and offer long cycle life owing to their reversible
redox reactions. Among these materials, borides stand out due to the unique characteristics of boron, which
provide a wide range of Faradaic reactions as well as high electrical conductivity [2]. In this study, Co/Co B
composite powders were synthesized via a rapid and green molten salt electrolysis process using an oxide-
based electrolyte. The co-deposition of Co and B was carried out at 900 °C under a current density of 600 mA/
cm? for 1 h, and their structural and electrochemical properties were systematically investigated. Low-alloy
steel substrates were used as the cathode, and their surfaces were cleaned with acetone. The Co/Co B powders
were produced by molten salt electrolysis, using a mixture of Na,B,O, and Co(OH),. The electrolysis was
performed in a graphite crucible (anode). After production, the Co/Co B composite powders were collected
and washed with diluted acid. The powders were then ground using a ball mill and cold-pressed into disc-
shaped electrodes. Structural characterization was carried out by X-ray diffraction (XRD) and scanning
electron microscopy (SEM), while electrochemical performance was evaluated using cyclic voltammetry
(CV). The XRD pattern (Figure 1) of the Co/Co B composite powder indicates that the sample consists of
mixed phases, including CoB, Co,B, and Co,B, along with metallic cobalt. The SEM image reveals that the
cobalt crystals are reduced in a cubic form and arranged in a chain-like structure (Figure 2a), whereas the
boride phases exhibit a network-like morphology formed between the cobalt cubes, as shown in the magnified
micrograph (Figure 2b). Figure 3a displays the multi-cycle CV curves of the Co/Co B electrode. As the
electrode surface became activated, an initial increase in areal capacitance was observed, which subsequently
stabilized, exhibiting typical faradaic-dominated pseudocapacitive behaviour. Areal capacitance values were
calculated from CV curves recorded at a scan rate of 200 mV/s. The initial capacitance was measured to be
190 mF/cm?, which increased to 310 mF/cm? after 750 cycles (Figure 3b). The Co/Co B composite powders
were synthesized at 900 °C and 600 mA/cm? for 1h via green molten salt electrolysis. Structural analyses
revealed the coexistence of Co, CoB, Co,B, and Co,B phases. CV tests performed over 750 cycles at a scan
rate of 200 mV/s demonstrated a 63.2 % increase in areal capacitance, reaching a final value of 310 mF/cm?.

References: [1] Kar, K. K. (2020). Handbook of nanocomposite supercapacitor materials II (Vol. 302). Cham:
Springer International Publishing. [2] Arslan-Kaba, M., Timur, S., & Sireli, G. K. (2024). Evaluating the
mechanism and the capacitive properties of nickel boride electrodes for supercapacitor applications. Journal
of Energy Storage, 99, 113299.

Keywords: Cobalt Boride, Molten Salt Electrolysis, Supercapacitors, Energy Storage

BORON 2025 21



Figure 3. a) Multi-cycle CV curve of the Co/Co B composite electrode, b) increase in areal capacitance with
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Boron-Derived 2D Metal Borides (MBenes) for High-Performance Supercapacitor
Applications

Mehmet Bay', Cahit Perkg6z', Suzan Biran Ay', Feridun Ay', Nihan Kosku Perkgdz'

!Eskisehir Technical University

Metal borides (MBenes) have recently emerged as promising materials for next-generation energy storage
systems due to their unique combination of metallic conductivity, chemical stability, and two-dimensional
layered structure. In this study, various MBene thin films, including B, Mo,B, Ni,B, and MnB, were synthesized
by chemical vapor deposition (CVD) and systematically investigated as supercapacitor electrode materials.
MBene supercapacitor devices were fabricated, and their electrochemical performance was comprehensively
evaluated using a Gamry Reference 600 workstation. Cyclic voltammetry (CV) measurements were carried
out at different scan rates to determine the potential window and capacitive behavior. Galvanostatic charge—
discharge (GCD) tests were performed at various current densities to calculate the specific capacitance and
assess rate capability. Furthermore, electrochemical impedance spectroscopy (EIS) was employed to obtain
Nyquist and Bode plots, providing insights into internal resistance, ion transport, and frequency response
characteristics. The corresponding Randles circuit parameters were calculated using an Al-based computational
approach. After long-term cycling tests, the MBene electrodes exhibited remarkable cycling stability and
high capacitance retention, demonstrating their potential for durable and high-performance energy storage
applications. Overall, this study highlights the effectiveness of the CVD technique for fabricating uniform and
conductive MBene thin films, providing valuable insight into the structure—performance relationships of metal
boride—based supercapacitors.

Keywords: Metal Borides, MBenes, Energy Storage, Chemical Vapor Deposition
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3D models of B, Mo B, Ni B, MnB supercapacitor devices
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Production of Few-Layer Freestanding Borophene and Its Application in Lithium-Ion
Batteries

Eymen Aksener', Mehmet Ali Giilgiin?, Ali Ensari Hemedani?, Serap Hayat Soytas'

ISabanci Universitesi SUNUM
2Sabanct Universitesi FENS

Two-dimensional (2D) materials have attracted remarkable attention in materials science in recent years due
to their broad range of potential applications. Among these materials, the most well-known is undoubtedly
graphene—a single layer of carbon atoms arranged in a hexagonal lattice, distinguished by its remarkable
mechanical strength, flexibility, and outstanding electrical and thermal conductivity. For a long time, no other
2D material could rival graphene’s exceptional properties until the successful synthesis of borophene in 2015
fundamentally shifted the landscape. Structural investigations have revealed that borophene consists of boron
atoms arranged in a monolayer hexagonal configuration. However, subsequent studies have demonstrated
that borophene can also exist in multilayered forms, exhibiting various atomic arrangements and polymorphs
[1]. Each structural phase possesses distinct electronic, mechanical, and optical properties [2]. This structural
diversity arises from boron’s electron deficiency and its ability to form covalent as well as multi-center bonds.
In such multi-center bonding configurations, several atoms share a specific number of electrons, compensating
for boron’s electron deficiency and enabling the formation of multiple stable borophene structures [3]. The
unique bonding characteristics of borophene impart it with exceptional properties, including high thermal
conductivity, structural anisotropy, low density, superior electrical conductivity, high stifftness, and an elevated
melting point [4,5]. Recently, borophene has emerged as a highly promising anode material for lithium-
ion batteries (LIBs). Theoretical studies have reported its outstanding electrical conductivity, ultralow Li-
ion diffusion barrier, and strong Li adsorption capability, corresponding to a theoretical specific capacity of
approximately 2040 mAh g, which is substantially higher than that of graphite (372 mAh g"') [6]. These
characteristics suggest that borophene could enable LIBs with significantly enhanced energy density and
accelerated charge—discharge kinetics. All chemicals were used as received without any further purification.
The materials employed in this study included boron powder (purity >95%) and acetone (purity >99.5%).
The boron powder precursor was first dispersed in acetone and subjected to probe-type sonication at 400 W
under an inert atmosphere for 4 h, followed by centrifugation at various rpm for 20 min. The supernatant
was then collected and thermally treated at 150 °C in a Teflon-lined stainless-steel autoclave for 12 h. As a
result, freestanding borophene was obtained as a stable dispersion in acetone. Subsequently, the sample was
characterized using transmission electron microscopy (TEM) and atomic force microscopy (AFM). For TEM
analysis, 0.05 mL of the borophene dispersion was dropped onto a TEM grid, and the solvent was evaporated
prior to imaging. TEM analysis was performed using a JEOL JEM-ARM200CFEG UHR-TEM (equipped
with STEM, Cs-corrected STEM, EDS, Gatan Quantum GIF, and a digital CCD camera) operated at 200 keV.
AFM measurements were carried out using a NanoMagnetics hpAFM system in dynamic (tapping) mode. The
ACLA cantilever used had a fundamental resonance frequency of 188,696.451 Hz. Scanning was performed at
a constant rate of 2 um s™'. Optimal feedback control was maintained using the following proportional-integral-
derivative (PID) parameters: proportional gain (P) = 30,000, integral gain (I) = 1,000, and derivative gain (D)
= 15,000. The total applied force (F)) was fixed at 2 V. Electrode Fabrication and Half-Cell Assembly is done
as follows: The synthetic graphite powder was mixed with carbon-black and sodium alginate, as the binder
in water to form a slurry. For the borophene-containing electrodes, a nominal amount of borophene (0.7-1
wt% relative to graphite) was incorporated into the slurry. The slurry was cast onto Cu foil of 10 pm thickness
and then dried in a 70 °C oven overnight. Working electrodes were circular discs (10 mm in diameter) that
were punched from the dried slurry-on-foil. Swagelok half-cells with a Li chip as the counter-electrode were
assembled in a glovebox under the Ar environment. The electrolyte was a 1 M solution of LiPF6 dissolved in
a mixed solvent of ethylene carbonate (EC)-diethyl carbonate (DEC). Each cell contained 50 pL of electrolyte
and 25 um thick separator was used in the half-cell. Figure 1 shows the half-cell architecture. The half-cells
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were charged and discharged in a battery analyzer system (MTI, BTS8-WA) over cut-off potential range of
0.005-1.5 V. The cells were cycled by charging and discharging at 0,083 mA to evaluate performance stability.
TEM images (Fig.2a-b) clearly reveal that the material consists of sheet-like borophene structures stacked in
patch-like layers with lateral dimensions ranging from approximately 3 to 10 nm. TEM images confirm that
the sonication method is effective for producing freestanding borophene. TEM-EDS analyses performed on
selected regions showed a strong and dominant boron signal, indicating the successful synthesis of borophene.
The presence of the oxygen signal suggests a partial oxidation of the boron layers. Additionally, minor signals
corresponding to Mg, Ca, F, Si and S were detected, which are likely attributed either to impurities originating
from the boron precursor or to trace contamination from glass and Teflon components used during the
freestanding borophene synthesis process (Fig-3). AFM analysis was conducted to better understand the layered
structure and determine particle thickness. The relationship between the number of layers of freestanding
borophene and the centrifuge speed was investigated by AFM analysis. It was determined that the height of
borophene particles varied between 35 nm and 3.5 nm depending on the centrifugation speed. The results
indicated that the borophene flakes possess an average height of approximately 3.5 nm at high rpms (Fig-4),
which—based on literature-supported DFT modeling—corresponds to an estimated layer number of 1013
[7-8]. Electrochemical evaluation of electrodes containing 0.7 wt% and 1 wt% borophene demonstrated that
the borophene addition significantly enhances both cycling stability and battery lifetime, with improvements
ranging from approximately 45% to 75%, depending on the borophene loading (Fig-5).

References: [1] F.Zhang vd. RSC Adv, 10, 27532-27537, 2020. [2] Luo vd. Nanoscale Research Letters,
12:514. (2017). [3] L. Kong vd., Nanoscale 11 15605-15611. (2019). [4] A.J. Mannix, vd., Nat. Nanotech.
13 444450 (2018). [5] D. Li, vd., ACS Omega 4)8015-8021 (2019). [6] B.Mortazavi, vd. Applied Materials
Today 8, 6067, (2017) [7] H.Zhong, vd. Physical Review B 98, 054104, (2018) [8] H. Zhou, vd., NPJ 2D
Mater Appl 1, 14 (2017).

Keywords: Borophene, Sonication, TEM, Li-Ion Battery
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TEM-EDS analysis results on selected regions of freestanding borophene
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Borophene/Ti,NbC,T MXene Hybrids: Emerging Boron-Based Electrodes for High-
Performance Supercapacitors

Yasar Ozkan Yesilbag', Fatma Nur Tuzluca Yesilbag!, Mehmet Ertugrul?

!Department of Physics, Erzincan Binali Yildirim University, Tiirkiye
’Department of Metallurgical and Materials Engineering, Faculty of Engineering, Karadeniz Technical University, Tiirkiye

The integration of two-dimensional (2D) materials with complementary electronic and structural properties
has opened new frontiers in advanced energy storage. In this research, a series of 2D/2D hybrid electrodes
combining Ti,NbC,T MXene and borophene nanosheets were designed to exploit their interfacial synergy
for enhanced supercapacitor performance. The Ti, NbC, T MZXene, featuring double-transition-metal, provides
metallic conductivity and rapid ion diffusion, while borophene contributes high charge-carrier mobility and
abundant active sites. The hybrid electrodes were prepared by spray-coating onto carbon cloth using an
airbrush, ensuring uniform formation and strong adhesion. Comprehensive characterization (XRD, Raman,
FESEM, TEM, and XPS) confirmed the preservation of layered crystallinity and successful interface formation
between the MXene and borophene sheets. The optimized composite (MX-B, ) exhibited well-balanced
electrochemical behavior, showing pronounced redox activity and the lowest charge-transfer resistance (Rct
= 8.9 mQ), which facilitated efficient ion—electron transport. In three-electrode testing, MX-B,  delivered a
high specific capacitance of 510 F g at 0.5 A g and retained 92.7% of its initial capacitance after 10,000
cycles. Two-electrode symmetric devices demonstrated wide operational voltage windows (up to 1.2 V) and an
impressive energy density of 54 Wh kg at 299 W kg™'. To demonstrate their practical capability, three series-
connected hybrid supercapacitors successfully powered multiple LED lamps, confirming stable energy storage
and discharge behavior (Figure 1). The enhanced performance originates from the 2D/2D heterostructured
interface, which promotes efficient charge transport, rapid ion diffusion, and robust structural stability. These
findings highlight borophene-Ti, NbC, T MXene heterostructures as promising next-generation electrodes for
flexible and high-rate supercapacitor applications.

Acknowledgements: This research was supported by TUBITAK under Project Nos. 223M159 and 120F312.

Keywords: Borophene, Ti, NbC, T MXene, Hibrid Electrode, Supercapacitor

Figure 1. Three series-connected hybrid supercapacitors were able to light up multiple LED lamps
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Gel Synthesized Zirconium Diboride (ZrB,) for Supercapacitor Applications

Sait Altun', Erhan Karaca?, Mustafa Tuncer!, Emre Erdem?®, Hasan Go¢mez!

!Kiitahya Dumlupinar University
’Hacettepe University
3Sabanct University

In this study, ZrB, powders were synthesized using the citrate gel method succesfuly. X-ray Diffraction
(XRD), Scanning Electron Microscopy (SEM), Fourier-Transform Infrared Spectroscopy (FTIR), and
X-ray Photoelectron Spectroscopy (XPS) analyses were carried out to investigate for phase contents and
microstructure. A three-electrode system used.for electrochemical characterization and the synthesized ZrB,
powder was mixed with polyvinylidene fluoride (PVDF) and carbon black to form a composite electrode. A
solid-state symmetric supercapacitor was assembled using a gel electrolyte, and its performance was evaluated
in a two-electrode configuration through Cyclic Voltammetry (CV), Electrochemical Impedance Spectroscopy
(EIS), and Galvanostatic Charge—Discharge (GCD) measurements.

Acknowledgment: This study was financially supported by the Kiitahya Dumlupiar University Scientific
Research Projects Commission (DPU-BAP), project 2021-24, T.R. Presidency of Strategy and Budget, project
‘The establishing the infrastructure for boron-based advanced technology ceramics laboratory’, project number
2022K12-211404 and NATO-SPS program (SPS activity reference G7753)

Keywords: Energy Storage, Zirconium Diboride, Gel Electrolyte, Electrochemical Properties
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Enhanced Thermoelectric Performance of Mg,(Sb,Bi),-Based Thermoelectrics through
Two-Dimensional Interface Modification

Saba Sepahban Shahgoli', Giilgin Aliyeva', Umut Aydemir?

'Kog University Boron and Advanced Materials Application and Research Center (KUBAM), Istanbul-34450, Tiirkiye
’Department of Chemistry, Kog University, Sariyer, Istanbul-34450, Tiirkiye

Rising environmental concerns, driven by fossil fuel consumption., underscore the urgent need for sustainable
energy recovery. As over 60% of global primary energy is lost as waste heat, developing technologies to reclaim
this lost energy is critically important. Among these technologies, thermoelectric (TE) materials have emerged
as a sustainable solid-state solution capable of directly converting heat into electricity without moving parts or
working fluids, offering a reliable and emission-free route for energy recovery. Despite their potential, achieving
high thermoelectric efficiency remains challenging because electrical and thermal transport parameters are
strongly coupled. Attaining a high figure of merit (zT) requires fine-tuning to enhance one property without
compromising another. Zintl phases, particularly n-type Mg,(Sb,Bi),-based TE materials, composed of earth-
abundant and non-toxic elements, have emerged as promising candidates for efficient energy conversion in
the mid-temperature range. Numerous strategies have been explored to further enhance their performance,
including carrier concentration optimization through doping, grain-size refinement, and band structure
engineering. Nevertheless, maintaining consistently high zT remains challenging due to microstructural
limitations. Recent studies have demonstrated that incorporating two-dimensional (2D) materials such as
graphene and MXene into Mg,(Sb,Bi), can modify interfacial transport. While MXene addition enhanced
zT by nearly 30%, graphene showed limited improvement, emphasizing that morphology, and distribution
critically influence electrical behavior. In this Study, we synthesized Mg, ,Sb, Bi Te and enhanced its
TE performance through 2D interfacial engineering using Borophene and MgB,. This approach aims to
decouple TE parameters and achieve synergistic optimization of electrical and thermal transport. Detailed
structural analyses confirm that introduction of 2D phases creates interfaces that induce additional phonon-
scattering mechanisms, resulting in a notable reduction in lattice thermal conductivity while maintaining
favorable electrical properties. Hall measurements reveal negligible changes in carrier concentration after
2D incorporation, indicating selective carrier scattering. The optimized sample exhibits a zT approaching 2
at 673 K, compared to 1.6 for the pristine material. Overall, this strategy demonstrates that introducing well-
distributed 2D phases with appropriate concentration provides a promising pathway toward high-performance
Mg.(Sb,Bi),-based TE materials.

Keywords: Thermoelectrics, 2D Materials, Interfacial Engineering
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Temperature Effects on Phase Evolution and Particle Morphology in Ce-Rich Commercial
NdFeB Magnets During High-Pressure Hydrogen Decrepitation

Senem Saritas Batan', Salih Bilgin!, Muhammet Nasuh Arik*?, Belma Soydas Sozer', Oznur Cakir™*

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Rare Earth Elements Research Institute (NATEN), Ankara
06980, Tiirkiye

2Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

SAnkara Yilduim Beyazit University, Department of Materials Engineering, 06010, Ankara, Tiirkiye

*Yildiz Technical University, Department of Metallurgical and Materials Engineering, 34220, Istanbul, Tiirkiye

NdFeB magnets are essential to clean energy and advanced technological applications due to their superior
magnetic properties. However, the availability of rare earth elements is susceptible to geopolitical and
environmental challenges. The recycling of NdFeB permanent magnets from secondary sources represents
a strategic approach to mitigate these supply risks associated with critical raw materials, particularly
Neodymium (Nd) and Dysprosium (Dy). Among the available recycling techniques, Hydrogen Decrepitation
(HD) has demonstrated significant potential for the efficient recovery of these elements from commercial
magnets. This study investigates the effect of temperature during high-pressure hydrogen decrepitation on the
structural, microstructural, and compositional evolution of a commercial NdFeB magnet with relatively high
Ce content, which is mainly substituted to reduce the cost and supply risk of highly critical Nd. Experiments
were performed at 9 bar hydrogen pressure under constant-time, using three processing temperatures: 25 °C,
50 °C, and 75 °C. Scanning electron microscopy (SEM) of the initial magnet illustrated Ce-rich phases, while
X-ray diffraction (XRD) confirmed the presence of CeFe,. According to XRD results, the main RE Fe B
phase transformed RE Fe ,BH hydride phase after the hydrogenation process. However, the CeFe, peaks
disappeared, suggesting a possible amorphous phase transformation. In addition to the hydride phase, the
presence of the Nd, O, phase was detected. LECO elemental analysis was performed to quantify the amount
of oxygen and hydrogen in as-received magnet and hydrogenated powders. The results demonstrated that
powders processed at 75 °C retained higher oxygen levels than those processed at 25 °C or 50 °C. Powders
processed at 75 °C retained higher oxygen levels than those treated at 25 °C and 50 °C, despite exhibiting
more agglomerated morphologies with limited cracking, which would typically reduce oxygen uptake. This
counterintuitive result suggests a complex interplay between hydrogen desorption, surface activation, and
re-oxidation at elevated temperatures, but a definitive mechanism cannot be identified from the current data.
Overall, the study sheds light on the effect of temperature on particle morphology, particle fragmentation,
and oxidation behaviour during HD. These insights provide valuable guidance for the optimization of NdFeB
magnet recycling and reprocessing strategies.

Keywords: NdFeB Magnets, Hydrogen Decrepitation, Recycling, Critical Minerals
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MgB,-Based Superconducting Joints for Reacted MgB, and NbTi Wires

Miisliim Giiven'?, Petr Zagura!, Joshua Winger!, Mehmet Kiitiik¢ii*, CRM Grovenor!, SC Speller!

!University of Oxford, UK

2Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

SEPOCH Wires, Cambridge, UK

The global move toward sustainable and helium-free superconducting technologies has renewed focus on
magnesium diboride (MgB,), a boron-based superconductor that combines cost-effectiveness, ease of synthesis,
and high critical current density near 20 K. However, the practical implementation of MgB, magnets has been
constrained by the absence of reproducible, ultra-low-resistance joints. In our recent study (Supercond. Sci.
Technol., 36 (11), 115008, 2023), we demonstrated a fully reacted MgB,-MgB, joint exhibiting ultra-low
resistances below 102 Q under 20 K™! T and self-field conditions, carrying 160 A and 172 A, respectively. A
critical current ratio (choim/Icwire, CCR) of up to 78% was achieved under 1 T field through the use of a tailored
MgB, filler and a precisely controlled post-joint heat-treatment process. These results represent the highest
performance reported to date for joints fabricated between reacted MgB, conductors.

Building upon this foundation, a patent application has been filed (currently within the 18-month confidentiality
period) introducing the first NbTi superconducting joint that utilizes MgB, as an active filler material. This
design achieves ultra-low resistance (<0.5 x 1072 Q) and excellent trapped-current performance, 210 A at
4.5 K, 0.25 T and 359 A under self-field enabling stable operation in persistent-mode magnet systems. This
innovation establishes a superconducting diffusion bridge between NbTi wires, enabling persistent or driven-
mode hybrid magnet architectures. Critically, the method eliminates the need for Pb-based solders, which—
though traditionally used for NbTi jointing—are now being phased out under forthcoming EU environmental
and occupational health regulations. Together, these two advances demonstrate the versatility of MgB, as
both a superconductor and an enabling jointing medium across distinct material systems. The MgB.-MgB,
joint validates the feasibility of fully reacted, persistent MgB, circuits, while the NbTi— MgB, hybrid joint
establishes a sustainable, lead-free pathway bridging low- and intermediate-temperature superconductor
regimes.

Currently, ongoing studies at BOREN focus on developing next-generation MgB, wires and cables using
novel Ti-based sheath alloys to further enhance performance and mechanical robustness. Collectively, these
works expand the functional and environmental boundaries of superconducting wire and joint technology,
positioning MgB, as a cornerstone material for next-generation, helium-free magnet systems.

Keywords: Boron-Based Materials, MgB,, NbTi, Superconducting Joints, Superconducting Persistent
Magnets
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Enhanced Electrochemical Performance of Zirconium and Hafnium Boride—Carbide
Composite Electrodes for Energy Storage

Aybike Paksoy?, Ahmet Giingdr?, ipek Deniz Yildirim?, Emre Erdem?, Ozge Balci Cagiran'

![zmir Institute of Technology, Department of Materials Science and Engineering, 35430 Urla, Izmir, Tiirkiye
2Sabanct University, Faculty of Engineering and Natural Sciences, 34956, Tuzla, Istanbul, Tiirkiye
3Technische Universitit Darmstadt, Institute of Materials Science, Otto-Berndt-Str. 3, 64287 Darmstadt, Germany

Transition metal boride and carbide-based materials are attracting growing interest as promising candidates
for high-performance energy storage applications. This study investigates the synthesis and electrochemical
behavior of zirconium- and hafnium-based boride—carbide systems (ZrB,~ZrC and HfB,-HfC). Pure boride
and carbide compounds, along with their composite powders, were synthesized via a mechanical activation-
assisted route followed by controlled heat treatment. Characterization techniques, including X-ray diffraction
(XRD), scanning electron microscopy (SEM), dynamic light scattering (DLS), and Brunauer—-Emmett—Teller
(BET) surface area analysis, confirmed the high purity, submicron-scale particle sizes (below 400 nm), and
high surface areas (up to 10,5 m?/g) of the synthesized materials. Electrochemical measurements, including
cyclic voltammetry (CV), potentiostatic electrochemical impedance spectroscopy (PEIS), and galvanostatic
charge—discharge (GCPL) tests, were conducted at room temperature using symmetric two-electrode
supercapacitor configurations. Both ZrB,-ZrC and HfB,-HfC composite electrodes exhibited enhanced
electrochemical properties compared to their pure boride counterparts, demonstrating the beneficial effect of
carbide incorporation. The composite structures achieved a specific capacitance of 214 mF/g, significantly
higher than that of pure borides (79-100 mF/g). The incorporation of an optimal amount of ZrC and HfC also
led to improved energy and power densities. Cycling tests revealed excellent stability, maintaining 99.4-99.9%
capacitance retention after 5000 cycles for both systems. These findings demonstrate that the incorporation
of carbide phases significantly improves the electrochemical performance of boride-based electrodes, making
ZrB ~ZrC and HfB ~HfC composites promising materials for next-generation high-performance supercapacitor
applications.

Keywords: Zirconium Boride, Hafnium Boride, Electrochemical Properties, Energy Storage, Powder
Synthesis
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Polyoxometalate Containing Boron Nitride Quantum Dots for Electrochemical CO,
Reduction

Enes Altinok', Dwi Imamatul Mastura', Siileyman Sahin Celik?, Mehmet Liitfi Yola®, Necip Atar!

!Pamukkale University, Department of Chemical Engineering, Denizli
2Pamukkale University, Department of Physics, Denizli
3Ankara University, Department of Biotechnology, Ankara

The sustainable and cost-effective electrochemical reduction of CO, into value-added fuels is a promising
approach to mitigate greenhouse gas emissions and address global energy demands. In this study, a novel
electrocatalyst based on polyoxometalate (POM) containing boron nitride quantum dots (BNQDs) was
presented for efficient electrochemical CO, reduction. After completing the formation of BNQDs, BNQDs
was functionalized by POM through electrostatic interaction between the POM and BNQDs to produce a
electrocatalyst (POM/ BNQDs) and modified onto a glassy carbon electrode (POM/BNQDs/GCE). The POM/
BNQDs was utilized as a conductive catalytic platform to provide abundant active sites and facilitate electron
transfer during the CO, reduction process. Subsequently, POM/BNQDs was introduced as a co-catalyst and
electron mediator to enhance charge separation efficiency and boost catalytic activity. The prepared POM/
BNQDs was characterized using electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV),
scanning electron microscopy (SEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
transmission electron microscopy (TEM), and fourier transform infrared spectroscopy (FTIR). The optimized
electrode exhibited superior electrocatalytic performance, achieving a Faradaic efficiency of with high current
density, excellent CO, conversion efficiency, and enhanced selectivity toward formate and methanol under mild
operating conditions. These results indicate that the synergistic interaction between POM/BNQDs provides an
effective strategy for constructing advanced nanostructured catalysts for efficient CO, electroreduction.

Keywords: Polyoxometalate, Boron Nitride Quantum Dots, Electroreduction, Electrocatalyst
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Cables Containing Zinc Borate Nanocomposite Additives Derived from Boron Enrichment
Process Waste

Melike Onemlibigak', Umur Deveci?, Necip Atar?
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’Bogazigi Elektrik Dagitim AS
SPamukkale University

Increasing environmental challenges and economic demands have made waste recovery and the development
of related technologies a necessity. During the production process, approximately 5-10% of B,O, is generated
as a by-product in boron enrichment plants. The wastes containing high concentrations of B,O,, derived
from the strategically important boron mineral, pose serious environmental threats, including air, water, and
soil pollution. Furthermore, large areas are required for the storage and disposal of such wastes. Instead
of depositing recoverable wastes in storage areas, their utilization as secondary raw materials would both
reduce the industry’s dependence on primary resources and provide economic benefits. In order to enhance the
contribution of boron resources to the national economy, it is essential to develop new boron-based products,
identify novel application areas for existing boron compounds, strengthen the boron-related industrial sector,
increase employment opportunities, and raise domestic consumption levels of boron products. This project
aims to enhance the economic value chain of boron in Tiirkiye by synthesizing Zinc Borate Nanocomposites
(ZnBON) from boron enrichment process wastes. The objective is to develop sustainable, renewable, and
environmentally friendly cable materials with high added value and functional properties such as fire resistance
and thermal stability. The development and large-scale industrial production of such next-generation cables
are expected to contribute significantly to the cable manufacturing industry, the energy sector, and the national
economy. Moreover, the project is expected to make a significant contribution to reducing carbon emissions.
By preventing emissions associated with the disposal processes of boron enrichment wastes and minimizing
the energy intensity required for the extraction and processing of virgin raw materials, the project will support
a low-carbon production framework. The reuse of boron enrichment residues in manufacturing processes
not only decreases energy consumption but also promotes the transition toward a sustainable and circular
economy.

Keywords: Boron, Nanocomposite, Waste, Cable
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Nanoboron, Metalic and Bimetalic Nanoparticles Doped Porous Carbon Material Derived
from Waste Biomass and Its Hydrogen Storage Capacity

Zelal Kocamis!, Umur Deveci', Necip Atar?

!Bogazici Electricity Distribution Inc., Istanbul
2Pamukkale University, Department of Chemical Engineering, Denizli

Porous carbon materials derived from biomass wastes have attracted significant attention due to their
remarkable properties. These include abundant and easily accessible raw materials, simplified production
processes, tunable properties, cost-effectiveness, low mass density, high specific surface area and porosity,
structural diversity, and sustainable renewability. These features make them promising candidates for further
research in hydrogen storage devices, particularly in achieving high H, uptake capacity. The use of plant-
based biomass-derived porous carbons has been investigated as key components in the development of porous
carbon storage devices, encompassing activated porous carbons, heteroatom-doped porous carbons, and their
composites. The synthesis and characterization of each form, as well as their hydrogen storage capacities, are
emphasized. Although each material shows great promise, it should be noted that they also possess certain
technological limitations. Overcoming these limitations through further research and development is critically
important to fully realize the potential of these materials in the emerging hydrogen economy. According to
studies conducted so far, several major challenges still exist in hydrogen storage. Although four different
methods are available for hydrogen storage, a fully optimized technology without drawbacks in terms of
stability, kinetics, capacity, cost, temperature, pressure, and safety has not yet been achieved. However, in
recent years, the physisorption method using lightweight porous materials has shown promising results and
contributed to solving some of these issues. In this project, a boron nanocomposite will be obtained from
boron industry waste through an environmentally friendly method. Porous carbon materials derived from
biomass and doped with metallic/bimetallic nanoparticles using the obtained boron-containing nanocomposite
will be prepared and characterized. The potential of these prepared materials for large-scale hydrogen storage
for practical daily use will be investigated.

Keywords: Nanoboron, Nanoparticle, Waste Biomass, Hydrogen Storage Capacity
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Gel Synthesized Metal Borides and Their Electrochemical Analysis

Sait Altun', Mohamad Hasan Aleinawi?, Hiilya Biger!, Feray Bakan Misirhioglu?, Mustafa Tuncer', Emre
Erdem?, Hasan Go¢mez!

!Kiitahya Dumlupinar Universitesi
2Sabanct Universitesi

In this study, the synthesis of Titanium Diboride (TiB,), and Calcium Hexaboride (CaB,) powders via citrate
gel methode and their structural characterization is proposed, and the electrochemical characteristics for a
potential electrode for supercapacitors are investigated. Structural features of powders were characterized
using X-ray powder diffraction (XRD), Scanning electron microscopy (SEM) and Fourier-Transform Infrared
Spectroscopy (FTIR). Electrochemical characterization (Cyclic voltammetry, potentiostatic electrochemical
impedance spectroscopy, and galvanostatic charge-discharge with potential limitation) of electrodes using a
two-electrode system with a potentiostat device (BioLogic Science Instruments, France) were determined.

Keywords: Energy Storage, Metal Borides, Gel Sythesis, Electrochemical Properties
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Tiirkiye Fiizyih (Proton-Bor Fiizyonu)

Biilent Biiyiik'2, Mira¢ Kamighoglu!'~

!Bandirma Onyedi Eyliil Universitesi, Bor Teknolojileri Uygulama ve Arastirma Merkezi (BANU-BORTAM)
’Bandirma Onyedi Eyliil Universitesi

Gilinlimiizde hizla artan enerji ihtiyaci ve fosil yakitlarin gevresel etkileri, diinya genelinde temiz ve siirdiiriilebilir
enerji kaynaklarma olan yonelimi zorunlu kilmistir. Bu dogrultuda, yenilenebilir enerji kaynaklari, hidrojen
teknolojileri, kiiclik modiiler reaktorler (SMR), klasik niikleer santraller (NGS) ve 6zellikle flizyon enerjisi
gibi ileri teknolojiler, gelecek projeksiyonlarinda merkezi bir konuma yerlesmektedir. Fiizyon teknolojileri
hem karbonsuz enerji iiretimi hem de yliksek enerji yogunlugu sunmasi nedeniyle dikkat cekmekte; enerji arz
giivenligi, emre-amadelik ve temiz enerji gibi temel enerji politikasi kriterlerini karsilayan bir ¢6ziim olarak
one ¢ikmaktadir. Mevcut kiiresel projeler (ITER vb.) dogrultusunda, déteryum-trityum (DT) flizyonunun
ticarilesmesinin 6nlimiizdeki 20 y1l igcinde miimkiin olabilecegi ongoriilmektedir. Diger taraftan DT fiizyonunda,
trityum kaynaginin sinirli olmasi ve reaksiyonda nétron iiretimi nedeniyle radyoaktivite olusmasi tizerinde
calisilmasi gereken 6nemli konular arasindadir. Buna paralel olarak, son yillarda 6zellikle dikkat ¢eken proton-
bor (pB) flizyonu, sahip oldugu 6zelliklerle hem ¢evresel hem de teknolojik agidan fiizyonun en temiz ve
giivenli tiirii olarak degerlendirilmektedir. Proton ile Bor-11 izotopunun 6zel plazma kosullarinda etkilesmesi
neticesinde ii¢ adet alfa parcacigi ve yaklagik 8.7 MeV gibi olduk¢a yiiksek enerji agiga ¢ikmaktadir. Bu
reaksiyon karbon salinimi tiretmedigi gibi, ana reaksiyon sonucunda nétron kaynakli radyoaktivite de ortaya
cikmamaktadir. Ayrica, dogrudan elektrik tiretimine olanak taniyan yapisi sayesinde enetji verimliligini ciddi
ol¢lide artirmakta; bu yoniiyle uzay teknolojileri gibi enerji-yogun ve hassas alanlarda kullanilabilirligi giic
kazanmaktadir. Stirdiiriilebilir plazma kosullar1 basta olmak {izere mevcut teknolojik problemlerin ¢oziilmesi
durumunda karbon emisyonu olmayan, radyoaktivite igermeyen temiz ve yogun enetji iiretimi s6z konusu
olabilecektir. pB flizyonu teknolojisinin kritik bir bileseni olan bor-11 izotopu, pB flizyonunun ana yakiti
olup, dogal borun %80’ini olusturmaktadir. Tiirkiye, diinya bor rezervlerinin yaklasik %73 iline sahip olmasi
sayesinde yalnizca bu alanda enerji iiretimi potansiyeline degil, ayn1 zamanda kiiresel 6lgekte stratejik bir
yakit tedarikgisi olma avantajina sahiptir. “TURKIYE YUZYILI” vizyonu kapsaminda, bu konuda gerekli
adimlarin atilmasi 6nem arz etmektedir. Bu baglamda, dniimiizdeki 10 yillik siirecte, Tiirkiye’ nin hedefi; pB
fiizyon teknolojilerine yonelik ulusal Ar-Ge altyapisini gelistirmek, deneysel projelere katki saglamak, uzman
insan kaynag yetistirmek ve uluslararasi girisimlerde aktif rol almasi planlanmalidir. 20 yillik perspektifte
ise, Tiirkiye’nin bor tabanli bu teknolojiye dayali sistemlerde teknolojik ortak ve stratejik yakit saglayicisi
konumuna gelmesi hedeflenmelidir. Bu hedeflere ulagilabilmesi i¢in; pB fiizyon teknolojilerine yonelik kiiresel
gelismelerin yakindan takip edilmesi, ¢ok disiplinli arastirma projelerinin desteklenmesi, kamu-6zel sektor is
birliklerinin kurulmasi, bor iiriinlerinin bu baglamda yeniden stratejik onceliklendirilmesi ve uzun vadeli bir
devlet politikasinin olusturulmasi gerekmektedir. Tiirkiye’nin sahip oldugu dogal kaynak avantaji, yliksek
potansiyele sahip bilimsel altyapisi ve vizyoner enerji politikalar: ile pB fiizyon alaninda 6ncii iilke olma
potansiyeli oldukga yiiksektir. Bu teknoloji, yalnizca bir enerji ¢oziimii degil, ayn1 zamanda 2053 hedefleri
dogrultusunda ulusal kalkinma, enerji bagimsizlig1 ve stratejik iistiinliik saglayabilecek bir firsat olarak
degerlendirilmelidir. Bu hususta 6nerimiz, FUsion TURkiyE (FUTURE) Arastirma Merkezinin olusturulmasi
ve “TURKIYE YUZYILI” vizyonuna 2053 hedefli olmak iizere “TURKIYE FUZYILI” ad1 altinda katk1
sunulmasidir.

Anahtar Kelimeler: Temiz Enerji, Proton-Bor Fiizyonu, Bor-11, Flizyon Teknolojileri, Siirdiirtilebilir Enerji
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Boron-Based Quantum Dots in Advanced Supercapacitor Systems

Mehmet Stikrii Diindar!, Sait Altun?, Bahadir Keskin!, Hasan Go¢mez?

"Yildiz Teknik Universitesi
’Kiitahya Dumlupinar Universitesi

Supercapacitors, which combine the advantages of batteries and capacitors, have gained attention due to
the global demand for sustainable energy storage. They provide long cycle life, quick charging, and high-
power density [1]. In this context, boron-doped carbon quantum dots (BCQDs) offer improved conductivity
and surface activity, while phthalocyanines offer stability and rich n-electron structures. Incorporating boron
increases overall efficiency by enhancing ion mobility and charge transport at the interface. Notably, BCQDs
can be made using microwave-assisted synthesis, which is environmentally friendly and consistent with the
principles of green chemistry [2]. These characteristics collectively make BCQDs promising materials for
developing boron-based sustainable energy technologies and for next-generation supercapacitors.

References: [1] Agboola, B. O., & Ozoemena, K. 1. (2010). Synergistic enhancement of supercapacitance
upon integration of nickel(Il) octa[(3,5-biscarboxylate)-phenoxy] phthalocyanine with SWCNT-phenylamine.
Journal of Power Sources, 195(12), 3841-3848. [2] Oz¢esmeci, M., Giimriik¢ii, S., Unlii, C., Coskun, 1. Y.,
Ozdemir, S., Yalgin, M. S., ... & Ozcesmeci, 1. (2024). Investigation of advanced biological properties of
carbon, carbon-boron quantum dots, and copper (II) phthalocyanine nanoconjugates. Applied Organometallic
Chemistry, 38(5), €7423. [3] Gregory, P., & Weber, V. (2012). Ftalotsianiny: sintez, svoystva i primeneniye
[Phthalocyanines: synthesis, properties and applications]. John Wiley & Sons. [4] Gregory, P., & Weber, V.
(2020). Ftalotsianiny: sintez, svoystva i primeneniye [Phthalocyanines: synthesis, properties and applications].
John Wiley & Sons.

Keywords: Supercapacitor, Quantum-Dots, Boron, Electrochemical Analysis
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Influence of Different Temperatures on Hydrogen Decrepitation of Scrap Hard Disk Drive
NdFeB Magnets

Cansu Kaplan', Gizem Kaplan', Oznur Cakir'>

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Rare Earth Elements Research Institute (NATEN), Ankara
06980, Tiirkiye
’Department of Metallurgical and Materials Engineering, Yildiz Technical University, 34220, Istanbul, Tiirkive

Demand for rare earth elements (REEs) in NdFeB permanent magnets used in renewable energy and EV
necessitates efficient recycling to address supply chain vulnerabilities and environmental concerns. Hydrogen
decrepitation (HD), a low-energy technique, offers a promising method for processing end-of-life Hard Disk
Drive (HDD) NdFeB magnets by converting them into demagnetised powders while preserving microstructural
integrity. This study investigates the impact on hydrogenation temperature (room temperature, 50 °C, 75 °C)
on the recycling process at 4 bar hydrogen pressure. Results indicate that reduced temperatures promote
hydrogen absorption, diminish oxidation, and produce finer particles characterised by typical intergranular
fractures. Phase analysis support the synthesis of Nd Fe ,BHx and increase of Nd,O, at elevated temperatures.
According to these results, HD at room temperature under 4 bar is optimal for the effective and sustainable
recycling of NdFeB magnets, eliminating the need for further heat treatment.

Keywords: NdFeB, Hydrogen Decrepitation (HD), Recycling, Rare Earth Elements (REEs), End of Life
(EoL) Magnet
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Optimization of Growth Conditions for Hexagonal Boron Nitride Thin Film on Dielectric
Substrates

Meryem Bozkaya'!, Muhammet Nasuh Arik?, Ali Altuntepe’, Hakan Ates*®, Recep Zan®

!Gazi University, Graduate School of Natural and Applied Science, Advanced Technologies, Ankara, Tlirkiye

2Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

Sivas University of Science and Technology, Center for Optical Design and Thin Film Coating, Sivas, Tiirkiye

‘Gazi University, Faculty of Technology, Metallurgical and Materials Engineering, Ankara, Tiirkiye

SNigde Omer Halisdemir University, Faculty of Science, Physics Department, Nigde, Tiirkiye

Hexagonal boron nitride (h-BN), a wide bandgap material known for its exceptional thermal stability,
chemical inertness, and optical transparency, has attracted increasing attention for advanced electronic and
optoelectronic applications—particularly in missile warning systems, UV ozone treatment, space observation,
and UV communication technologies. When synthesized in its two-dimensional (2D) form, h-BN exhibits
enhanced optical and electronic characteristics due to reduced defect density, improved interlayer uniformity,
and superior surface smoothness. These features make it a promising dielectric layer and protective barrier
material for next-generation nanoscale and optoelectronic devices. In this work, h-BN thin films were
synthesized on non-catalytic quartz substrates using the low-pressure chemical vapor deposition (LPCVD)
technique. Quartz was selected as the substrate because of its dielectric nature, high UV transparency, and
thermal robustness, enabling accurate optical and electrical characterization of the grown layers and supporting
their integration into UV photodetector architectures. LPCVD was preferred over other deposition techniques
owing to its controllable process parameters, scalability, and partially eco-friendly characteristics, which
facilitate large-area and uniform thin film growth. The effects of precursor quantity (200, 150, 100, and 50
mg) and growth duration (90, 60, 30, and 15 minutes) on the crystalline quality of the h-BN films were
systematically analyzed using X-ray Photoelectron Spectroscopy (XPS). The XPS results revealed significant
variations in the Bls and N1s bonding states depending on the synthesis conditions, indicating changes in
stoichiometry and crystal ordering. Among the investigated samples, the film synthesized with a 100 mg
precursor and a 60-minute growth period exhibited the sharpest and most symmetric B-N peaks with reduced
FWHM values, suggesting improved crystallinity and lower defect density. These findings highlight the crucial
role of precursor amount and growth duration in tailoring the structural and optical quality of h-BN films grown
on dielectric quartz substrates, offering valuable insights for optimizing their synthesis in optoelectronic and
UV detection applications. Additionally, these results will be further supported by investigations using Raman
and PL spectroscopy.

Keywords: Hexagonal Boron Nitride Thin Films, XPS Investigations, LPCVD, Dielectric Substrates
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Design and Development of High Toughness B,C-TiB, Ceramics for Lightweight Armor
Systems

Emirhan Karadagli', frem Sude Geven', Bugra Cigek?

!Roketsan Roket San. ve Tic. A.S.
Yildiz Teknik Universitesi, Metalurji ve Malzeme Miihendisligi Béliimii

Ceramic materials showcase superior characteristics such as hardness, lightness and wear resistance, which
make them ideal choice for body armors, platform add-on armors, thermal shields and many other protective
structures. Owing to their exceptional hardness and low density boron carbide (B,C) ceramics are especially
the subject of interest. However, B,C ceramics showcase high brittleness and glassy microstructure formation
under elevated impact forces which decrease its potential to be used against high kinetic energy rod type threats.
In order to achieve higher ballistic protection capability, brittleness of the B,C ceramics should be improved
without decreasing the hardness by the manipulation of microstructural crack behaviour. Such toughening
mechanisms in the B,C microstructure can be achieved by the addition of other ceramic reinforcements to
be located in the grain boundaries but the processing of dense, defect-free and high mass blocks is still a
challenge. Therefore, in this study ballistic B,C-TiB, (85:15, 90:10 wt%) ceramic composites were densified
via a novel mixing and hot pressing method. Sintered ballistic ceramic composites investigated in the means
toughening and crack propagation mechanisms and physical/chemical properties. Both samples exceeded
27 GPa hardness and showcased almost doubled toughness. Ballistic protection capability of the sintered
ballistic ceramic composites were determined by ballistic test shots conducted with a solid propellant gun
using tungsten high alloy (WHA) projectiles. This study aims to explain the relation between processing,
microstructural/material properties and ballistic properties using both advanced characterization and real-time
ballistic testing.

Keywords: Ceramic Matrix Composites, Ballistic Ceramics, Ballistic Testing, Crack Propagation, Hot Press
Sintering

SEM Image of the B,C-TiB, (90:10 wt%) Ceramic Composite
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Hassas Doniiol¢erlerde Kullanilan Polarizasyon-Korumah Optik Fiberlerde Borun
Onemi ve Kullanim

Ali Karatutlu', Biilend Ortag?

!Sivas Bilim ve Teknoloji Universitesi
*Bilkent Universitesi UNAM

Yiiksek cift kirnima sahip 6zel optik fiberlerde polarizasyon koruma (PM) bor katkili stres uygulama bolgeleri
(SUB’lar) ile saglanir. Bu duruma ¢ekirdek bdlgesinin her iki yanina dairesel veya papyon sekilli ve goreli
olarak yiiksek bor katkili silika yapilarinin entegre edilmesi ile miimkiindiir. Sirasiyla, bu 6zel fiberler Panda-
tipi veya Papyon tipi PM fiberler olarak ticari olarak erisilmektedir. Bu sunumda, 6zellikle iilkemizde savunma
sanayi uygulamalarinda karsimiza ¢ikan atalatsel 6l¢iim birimlerinde yer alan donii 6lgerlerde kullanilan PM
fiberin tiretimi ve bor katkili SUB’larin pozisyonu ve yeni yaklasimlar gosterimi gergeklesecektir. Ayrica,
yiksek polarizasyon séniimlenme oranina sahip yeni nesil eliptik ¢ekirdek geometrisinde Panda tipi PM
fiberler sunulacaktir.

Anahtar Kelimeler: PM Fiberler, Ozel Optik Fiberler, Yiiksek Cift Kirinim, Polarizasyon Soniimlenme
Orant, Doniidlger
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Mechanical Performance of Oxidation-Resistant h-BN Coated Carbon Fiber Bundles and
Fabric-Reinforced Composites

Ugur Nakas', Ozden Acar?, Muhammet Nasuh Arik?, Cennet Yildirim Elgin?, Zeliha Bengisu Yakisik
Ozgiile?, Salim Aslanlar®, Erdal Celik, Korhan Sahin'

"Turkish Aerospace Industries Inc. (TAL), General Directorate of Engineering, Kahramankazan 06980, Ankara, Tiirkiye

2Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

3Department of Metallurgical and Materials Engineering, Faculty of Technology, Sakarya University of Applied Sciences,
Esentepe, Serdivan 54050, Sakarya, Tiirkiye

‘Faculty of Dentistry, Bingol University, Bingol 12000, Tiirkiye

Carbon-fiber fabrics are essential in lightweight aerospace structures but oxidize rapidly above ~600 °C. We
previously developed and demonstrated multiple CVD routes, namely boron-oxide-assisted CVD, AB/THF-
fed CVD, and TMB-fed CVD, that deposit conformal h-BN on the fiber surface, increasing the oxidation-
onset temperature by ~140-250 °C (TGA in air, 10 K min) relative to uncoated fabrics. Beyond acting as
a promising oxidation barrier, the hBN layer establishes a fiber—epoxy matrix interphase that can govern
interfacial adhesion, load transfer, and failure modes. Among the routes we developed and demonstrated, the
trimethyl borate (TMB)-based process emerges as the most promising, affording scalable h-BN deposition
under mild conditions while preserving fiber integrity. Here we examine how this TMB-enabled coating
affects the inplane tensile response of fiber bundles and carbonfiberreinforced polymer (CFRP) laminates.
Epoxymatrix composites were fabricated from (i) de-sized fabrics, (i1) untreated fabrics, and (iii) h-BN coated
at 900 °C for 1h, the condition that yielded the most crystalline, continuous hBN in our prior study. To isolate
coating effects, layup, cure schedule, and areal weight were held constant, and fiber volume fraction was
measured to capture any coatinginduced changes. Rectangular coupons were tested in tension per ASTM
D3039 with bonded tabs. Reported metrics include modulus, ultimate tensile strength, strain to failure, and
tensile energy to break (area under the stress—strain curve).The study maps processing—structure—property
relationships between BN coverage/crystallinity and laminate tensile behavior, clarifying the dual role of hBN
as (1) an oxidationresistant barrier and (i1) an interphase that can be tuned to balance stiffness retention with
strength and ductility. We discuss potential tradeoffs arising from coating thermal exposure (e.g., sizing removal
or fiber damage) and outline post-coating strategies to tailor adhesion without sacrificing oxidative robustness.
The results inform the design of BNcoated CFRP laminates for service in oxygenrich, hightemperature
environments where ambienttemperature load bearing must coexist with oxidation resistance.

Keywords: Hexagonal Boron Nitride (h-BN), Chemical Vapor Deposition, Carbon Fiber, Oxidation Resistance,
In-Plane Tensile Properties
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Development of Novel Advanced Ceramics: High Entropy Boride-Carbide Materials as
Wear-Resistant Components

Ilayda Siizer Cicek', Omer Atik', Yagiz Berk Yeltekin', Furkan Tepe', Kiibra Giircan Bayrak?® Siddika
Mertding Ulkiiseven', Duygu Agaogullart'

Istanbul Technical University, Faculty of Chemical and Metallurgical Engineering, Department of Metallurgical and Materials
Engineering, Particulate Materials Laboratories (PML), Graphene & 2D Materials Laboratory, 34469 Maslak, Istanbul, Tiirkiye.
’Eskisehir Technical University, Faculty of Engineering, Department of Materials Science and Engineering, Iki Eyliil Campus,
26555, Eskisehir, Tiirkiye

This project involves hybridization of metal boride (HfB,, TiB,, ZrB,, Mo-boride, W-boride) or metal carbide
(HfC, ZrC, TiC, MoC, WC) powders by mechanical alloying in the form of three, four and/or five-component
high-entropy boride (HEB) and high-entropy carbide (HEC) in equimolar ratios; assembly of hybrid powders
into high-entropy boride-carbide powders containing 6-10 components. Then, they were mechanically alloyed
and densified to produce single-phase high-entropy ceramics. HEB and HEC ceramics were hybridized
separately by mechanical alloying for 6 h and 3 h, respectively. Tungsten carbide vials and balls were used
during mechanical alloying, and the ball-to-powder weight ratio was determined as 10:1. The hybridized
powders were converted into densified bodies by spark plasma sintering at 1800°C and 30 MPa. To determine
the properties of the HEB and HEC ceramics, microstructural (scanning electron microscopy, energy dispersive
spectroscopy), physical (powder and Archimedes densities), mechanical characterizations (Vickers hardness,
wear tests), thermal characterization, and phase analysis (X-ray diffractometry) were performed for both the
powder and sinter compositions. The highest hardness value of approximately 27 GPa was achieved for the
(HfTiZrMoW)B, - (HfTiZtMoW)C composition. Similarly, the lowest friction coefficient, 0.35, was observed
for the same composition. Average density values ranged from 8.89 g/cm? to 6.41 g/cm?. High-intensity HEB/
HEC peaks were observed in the structure, along with low amounts of oxidized phases.

Acknowledgement: This study was supported by the Istanbul Technical University Scientific Research
Projects with the project number of MUA-2025-46987. Also, this study was supported by The Scientific
and Technological Research Council of Tiirkiye 2209-A-Undergraduate Students Research Projects Support
Program.

Keywords: High Entropy, Mechanical Alloying, Hardness, Microstructure, Spark Plasma Sintering
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Boriding of a Refractory High Entropy Alloy for Wear-Related Engineering Applications
Mertcan Kaba!, Hiiseyin Cimenoglu!
Istanbul Technical University

Refractory high entropy alloys (RHEAs) have emerged as a new class of materials exhibiting competitive
properties compared to both commercial high temperature alloys (i.e. nickel-based superalloys) and
biomedical materials (i.e. titanium alloys). In this respect, enhancing their surface properties, particularly
hardness and wear resistance, to extend their service lives has become one of the most important topics
in the literature. Besides there are vast number of studies focusing on the boriding of Fe, Cr, Al, Co, Ni-
containing HEAs, mostly in face-centred cubic crystal structure, studies addressing the boriding of Ti, Hf,
Zr, Nb-containing RHEAs having body-centred cubic crystal structure remain scarce in the open literature.
This study investigates the effect of boriding on the surface features of the RHEA, containing Hf, Nb, Ta, Ti,
and Zr, with the aim of fabricating hard and wear-resistant boride coating. Boriding process was employed at
1000 °C for 8 h. Structural characterizations made by X-ray diffractometer and energy dispersive spectrometer
equipped scanning electron microscope revealed the formation of ~10 pm thick total boride layer consisting
of boride phases of constituent elements. This boride layer increased the surface hardness from ~400 to ~2700
HVO0.025, resulting in two orders of magnitude increment in the dry sliding wear resistance. Decrease in the
wear loss can be attributed to the suppression of plastic deformation induced adhesive wear during sliding
contact owing to the presence of hard boride coating at the external surface. This pioneering study demonstrated
the effectiveness of boriding process as a technological solution for surface engineering of RHEAs.

Keywords: Refractory High Entropy Alloy, Boriding, Wear
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Fiber Drawing from CMAS (Ca0-MgO-Al,03-Si0,) Glass Systems and Characterization
of Drawn Fibers

Giilseda Senel', Emrah Dolekgekic', Mert Giil', Hiiseyin Bogag Poyraz!, Aydin Dogan'
!Eskisehir Technical University

Glass fibers are widely employed to enhance the mechanical performance of composite materials owing
to their high tensile strength, elastic modulus, and low density. Among commercial variants, E-glass (with
improved electrical properties) and S-glass (high-strength) are commonly selected for application-specific
requirements. While CMAS (CaO-MgO-Al,0,-Si0,) compositions are reported across numerous domains,
no studies explicitly addressing fiber drawing from CMAS glasses have been reported. The present work
therefore aims to establish a viable temperature—viscosity window for fiber drawing from CMAS systems
without triggering crystallization. In this study, CMAS-based glass frits were produced by melt quenching
to obtain an amorphous structure, which was verified by X-ray diffraction (XRD). The compositions were
subsequently characterized by X-ray fluorescence (XRF), boron content was quantified by a wet-chemical
method, thermogravimetric/differential thermal analysis (TG/DTA), and hot-stage microscopy to determine
critical temperatures and processing limits. Relative to boron-free CMAS reported in the literature, our ulexite-
derived ~10 wt% B, O, lowers the glass transition temperature (Tg) while raising the crystallization temperature
(Tx), thereby expanding the stability window (AT = Tx — Tg) and highlighting improved processability and
a wider, crystallization-free viscosity range suitable for fiber drawing. Drawing of fibers with an average
diameter of approximately 30 um was achieved; however, process discontinuities were observed during
fiber drawing and are being investigated to determine their origin. To ascertain this, samples of the CMAS
composition were prepared and held at critical temperatures, and the crystals formed within the structure were
identified. The crystalline phases were identified by XRD and SEM analyses of the samples. By lowering Tg,
elevating Tx, and thereby widening AT (Tx-Tg) to enable a crystallization-free viscosity window for fiber
drawing, the research contributes to the development of high-performance fibers for applications in aerospace,
energy, and advanced composite industries.

Keywords: Glass, Glass Fibers, Crystallization

SEM image of Drawn CMAS Fibers
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Design and Development of a Domestic Autonomous Ground Vehicle Equipped with
Boron-Based Radiation Shielding

Ahmet Emir Sahin', Dogukan Elmas', Hilal Akbas Yaman', Fatih Yarar!

'Alpagu Savunma Sanayi

In this study, a domestic unmanned ground vehicle capable of operating in environments with radiological
risks was developed, featuring a boron-based composite coating designed for radiation attenuation. The
system was conceived to minimize human intervention in nuclear facilities, research laboratories, and CBRN
hazard zones. The vehicle platform is built on a lightweight aluminum chassis with an IP54 protection
rating. Its software infrastructure integrates data from multiple sensors, such as a camera, LiDAR, and IMU,
within a modular control architecture that enables both manual and semi-autonomous operation. All critical
parameters, including speed, position, battery status, and system health, can be monitored in real time through
a user interface. A gamma radiation sensor calibrated by the Nuclear Regulatory Authority was integrated into
the system. Measurement data are combined with positional information to generate real-time dose maps,
allowing simultaneous visualization of the radiation levels and the vehicle’s trajectory. The shielding structure
employs a boron carbide (B,C)-reinforced composite coating, taking advantage of boron’s neutron absorption
capability. Based on theoretical analyses and attenuation coefficients reported in the literature, a 0,5 cm thick
boron-based layer is estimated to provide approximately 40—60 % gamma radiation attenuation within specific
energy ranges. The developed platform represents one of the first domestically designed autonomous systems
in Tirkiye, specifically intended for radiological environments. This work demonstrates the potential of
boron-based materials in nuclear safety and defense applications, while also contributing to the integration of
indigenous software and sensor fusion technologies into national R&D capabilities.

Keywords: Boron, Radiation Shielding, Unmanned Ground Vehicle, Composite Material, Nuclear Safety
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Synthesis and Development of Elemental Amorphous Boron Powders with Different
Particle Sizes and Calorific Values for Pyrotechnic Applications

Selcuk Acar!

'Pavezyum Kimya

This study focuses on the synthesis and development of elemental amorphous boron powders with different
particle sizes and calorific values, optimized for pyrotechnic and energetic applications. Given that Turkey
possesses 73% of the world’s boron reserves, converting this resource into high-value, advanced boron-based
materials holds major strategic and economic significance. Elemental amorphous boron, known for its high
energy density and reactivity, is widely used in defense, aerospace, and automotive sectors—particularly in
airbag initiator systems and solid fuel formulations. However, its combustion efficiency and performance are
highly dependent on particle size and morphology. In this study, novel production methods—spray drying, NaCl
flux-assisted metallothermic reduction, thermal treatment, and physical sieving—are employed to control the
particle size distribution of amorphous boron powders without compromising their amorphous structure. The
relationship between particle size and calorific value, reactivity, and combustion kinetics were systematically
investigated. Characterization include XRD, SEM, BET surface area, calorimetry, and combustion tests
using high-speed imaging. The resulting materials will be tailored for specific industrial needs, providing
optimized energetic properties for defense and automotive pyrotechnic applications. The work represents
Turkey’s first large-scale attempt to produce modified amorphous boron powders with tunable particle sizes
using innovative local technologies. The outcomes include the establishment of new synthesis protocols for
particle size adjustment, entry into the airbag materials export market, and strengthening of domestic supply
chains for energetic materials. Ultimately, this project will enhance the technological independence and global
competitiveness of Turkey in advanced boron-based materials.

Keywords: Elemental Boron, Energetics
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Activation of Small Molecules: Can Boron Act as a Transition Metal?

Holger Braunschweig!?

!Institute for Sustainable Chemistry & Catalysis with Boron Julius-Maximilians-University of Wiirzburg
’Institute for Inorganic Chemistry Julius-Maximilians-University of Wiirzburg

The activation of small molecules is generally associated with transition metals (TMs) and constitutesthe basis
of catalysis. It was earlier believed that TM catalysts are required to facilitate processes suchas the activation
of H, and other unreactive substrates. However, exciting recent developments in maingroup element chemistry
have shown that carbenes, FLPs and heavy main group species are capable of TM-like activation reactions
[1]. Our ongoing studies on low-oxidation-state boron compounds such asborylenes, diborenes, and diborynes
have shown that these low-valent species exhibit a very richchemistry, which is distinctly different from that
of common compounds derived from boron in the oxidation state +3. Particularly interesting is the metal-like
behavior of some borylenes and diborynes, which form CO complexes analogous to TMs, bind and convert H,
and unsaturated organic substratesunder mild conditions, and even activate and reduce N, [2].

References: [1] a) P. P. Power, Nature 2010, 463, 171; b) G. C. Welch, R. R. San Juan, J. D. Masuda, D. W.
Stephan, Science 2006, 314, 1124; c) G. D. Frey, B. Lavallo, B. Donnadieu, W. W. Schoeller, G. Bertrand,
Science 2007, 316, 439. [2] a) H. Braunschweig, R. D. Dewhurst, F. Hupp, M. Nutz, K. Radacki, C. Tate,
A. Vargas, Q. Ye, Nature 2015, 522, 327; b) H. Braunschweig, R. D. Dewhurst, K. Hammond, J. Mies, A.
Vargas, K. Radacki, Science 2012, 336, 1420; c¢) M.-A. Légaré, G. Bélanger-Chabot, R. D. Dewhurst, E.
Welz, I. Krummenacher, B. Engels, H. Braunschweig, Science 2018, 359, 896; d) M.-A. Légaré, M. Rang, G.
Bélanger-Chabot, J. I. Schweizer, I. Krummenacher, R. Bertermann, M. Arrowsmith, M. C. Holthausen, H.
Braunschweig, Science 2019, 363, 1329; e) M.-A. Légaré, G. Bélanger-Chabot, M. Rang, R. D. Dewhurst, 1.
Krummenacher, R. Bertermann, H. Braunschweig, Nature Chem. 2020, 12, 1076; f) M. Rang, M. Heinz, A.
Halki¢, M. Weber, R. D. Dewhurst, A. Rempel, M. Hérterich, M. C. Holthausen, H. Braunschweig, J. Am.
Chem. Soc. 2024, 146, 11048-11053; g) M. Weber, T. Kupfer, M. Arrowsmith, R. D. Dewhurst, M. Rang, B.
Ritschel, S. Titlbach, M. Ernst, M. Oliveira Rodrigues, E. N. da Silva Junior, H. Braunschweig, Angew. Chem.
Int. Ed. 2024, 63, €202402777.

Keywords: Small-Molecule Activation, Low-Valent Boron Species, Borylenes, Diborenes, Diborynes
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Development of Pd-B/AlO, Catalyst for Methane Pyrolysis Reaction

Zeynep Zuhal Bozbay!, Cigdem Giildiir!, Silver Gilines?

!Gazi University, Faculty of Engineering, Chemical Engineering Department
’Gazi University, Graduate School of Natural and Applied Sciences

Methane pyrolysis is considered an environmentally friendly hydrogen production method, as it generates
only hydrogen and solid carbon without releasing CO,. However, the carbon formed during the reaction
accumulates on the catalyst surface, blocks active sites, and leads to rapid catalyst deactivation. In this study,
new catalyst structures were developed to reduce carbon deposition by modifying the base Pd/Al O, catalyst
with boron and by introducing nickel and cobalt to form bimetallic systems. Three different catalysts—Pd-B/
ALO,, Pd-Ni-B/AlO,, and Pd-Co-B/Al,O,—were prepared, and the effect of boron within these structures
was examined. All catalysts were synthesized using the wet impregnation method, and their surface properties
before and after the reaction were analyzed by X-ray Photoelectron Spectroscopy (XPS). Reaction tests
showed that the highest methane conversion, 80%, was achieved with the Pd-Co-B/AL O, catalyst. This result
suggests that cobalt and palladium create more stable active sites together, improving catalytic performance.
The lowest conversion, 56%, was observed for the unmodified Pd/Al O, catalyst. In terms of carbon deposition,
the highest amount (25%) occurred on the Pd-Ni-B/Al O, catalyst, which is consistent with nickel’s tendency
to form carbon filaments. The lowest carbon deposition, 4.2%, was measured on Pd/AlO,. Overall, the
results indicate that boron does not significantly improve the performance of Pd when used alone. However,
in bimetallic systems—especially Pd-Co-B/Al,O,—boron helps increase methane conversion and reduces
carbon deposition by 28% compared to the Pd-Ni-B/AlL O, system. These findings provide valuable insight for
designing more durable catalysts for methane pyrolysis.

Keywords: Methane Pyrolysis, Carbon Deposition, Boron, Bimetallic Catalyst
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Structural, Optical, and Neutron Sensitivity Properties of Yb*'Tb*" Codoped Alkaline
Earth Tetraborates

Ozde Ceren Hizal', Okan Esentiirk!, Damla Cetin Altindal, Aysen Yilmaz'

!Department of Chemistry, Middle East Technical University
’Department of Bioengineering, Hacettepe University

Multifunctional boron-rich crystalline inorganic compounds that concurrently provide optical transduction,
neutron capture, and acceptable cytocompatibility are critically needed to advance minimally invasive cancer
treatments. Herein, Yb*'/Tb*" codoped alkaline earth tetraborates—CaB,0,, MgB,0., and SrB,0.—were
synthesized via solid-state, combustion, and solution combustion routes. X-ray diffraction patterns confirmed
phase-pure monoclinic CaB,0, and orthorhombic MgB,0./SrB O, structures; SEM revealed around 200 nm
particle sizes. Under 980 nm excitation, pronounced upconversion emissions were observed in all, where
CaB,0, and MgB O, showed best response at 5 mol% Yb*" / 5 mol% Tb*", with quantum yields approaching
~0.35, evidencing highly efficient cooperative Yb—Tb energy transfer. This NIR responsivity is directly
relevant for photodynamic activation in optically restricted tissue volumes. '’B enrichment (98%) markedly
increased macroscopic neutron absorption cross sections (up to +62—76%), thus enabling BNCT functionality
without auxiliary boron carriers. HUVEC assays indicated maintained viability > 80% for CaB,O, at 500
png mL', underscoring favorable biocompatibility at biologically meaningful doses. Taken together, these
results identify Yb*"/Tb*" codoped tetraborates as a robust single-phase inorganic class that intrinsically
integrates high boron density with NIR-gated upconversion and benign cytocompatibility. Such materials are
compelling candidates for multifunctional theranostics coupling BNCT, NIR-activated photodynamic therapy,

and imaging.
Keywords: Tetraborates; Lanthanide Codoping; NIR-to-Visible Upconversion; Boron Neutron Capture
Therapy (BNCT); Theranostic Nanomaterials
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Cage-carbon Substituted Amine and Nitrile Derivatives of Cobalt bis(dicarbollide) Anion

Ece Zeynep Tiiziin'?, Bohumir Griiner?, Dmytro Bavol?, Drahomir Hnyk?, Miroslava Litecka?

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye
2Institute of Inorganic Chemistry of CAS, Hlavni 1001, 250 68 Rez, Czechia

Direct functionalization of carbon vertices of the metallacarborane cages remained underexplored. In this study,
modification of the cage-carbon atoms of cobalt bis(dicarbollide) anion with the formula; [(1,2-C,B,H ),-
3,3’-Co(II)]" (short name COSAN) bearing -NH, and -CN groups obtained by the direct functionalization
of the parent metallacarborane cage are explained. Two methods were employed for azide and amine
functionalization. Curtius rearrangement and direct functionalization by tosyl azide after lithiation of the
parent cobalt bis(dicarbollide) cage under strictly anhydrous conditions under Ar atmosphere using Schlenk
techniques afforded mono [(1-N,-1,2-C B;H, )(1°,2’-C,B H )-3,3’-Co(Il)] and diazido-COSAN rac-[1,1’-
(N,-1,2- C2 JH,),-3,3’-Co(II)] derlvatlves The azide products have shown dissimilar reactivity compared to
their organic analogues and they could be reduced into amines using an excess of NaBH, under CoCl, catalysis
in 50% aqueous MeOH. Position of the -NH, group on the cage-boron versus a cage-carbon have proven
significantly different acidity [1]. Cyano functionalized COSANs were obtained by deprotonation of the cage
C-H hydrogens by n-BuLi, followed by the reaction with tosyl cyanide. Monosubstituted, and two isomers
of disubstituted nitrile derivatives, racemic and C(1,8)-(CN), of cobalt bis(dicarbollide) ion [(1,2- C2 JH, ),
3,3’-Co(II)]" were isolated as the main products from low-temperature reaction of the lithiated ion with
tosyl cyanide. As follows from chemical DFT computations, the C(1,2) substituted intermediate species
corresponding to vicinal isomer forms at the initial stages of the reaction and then undergoes to a unique
cage skeletal rearrangement, involving migration of one of the cyano-substituted cage-carbon atoms to the
upper pentagon belt, even below the room temperature [2]. DFT computations indicate that the rearrangement
process is triggered by unprecedented electron-donation from the cyano-groups. The lower energy barrier
causes the rearrangement occur below 25 °C, which is in sharp contrast to 340 °C, the lowest previously
known temperature of the rearrangement of 1,2-COSAN to the corresponding 1,8-isomer [3].

Acknowledgement: Support from Czech Science Foundation, project No. 25-16216S
References: [1] Tuzun, E. Z., Pazderova, L., Bavol, D., Litecka, M., Hnyk, D., Ruzickova, Z., ... & Gruner,
B. (2024) Inorganic Chemistry, 63(43), 20600-20616. [2] Tiiziin, E. Z.; Hnyk, D.; Bavol, D.; Litecka, M.;

Fanfrlik, J.; Griner, B. Dalton Transactions, 2024, 53(46), 18462-18466. [3] Volkov, V. V.; Yurjev, G. S,;
Vasilyeva, S. G.; Myakishev, K. G.; Voronina, G. S. Sibirskii Khimicheskii Zhurnal, 1991, (1), 109-114.

Keywords: Carboranes, Metallacarboranes, Cobalt bis(dicarbollide), Cluster Chemistry
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New Boron-Containing Conjugated Systems for TADF OLED Application

Semih Can Cakmaktepe', Oguzhan Karakurt', Elif Fatma Demirgezer', Murat Dastemir', Hector Miranda-
Salinas?, Erkan Aksoy?®, Andrew Danos?, Andrew Monkman?, Erol Yildirim!, Ali Cirpan'

!Department of Chemistry, Middle East Technical University, 06800, Ankara, Tiirkiye
’Department of Physics, Durham University, Lower Mountjoy, Stockton Road, Durham, DHI 3LE, UK
3Project and Technology Office, Rectorate, Bartin University, 74100, Bartin, Tiirkiye

In this study, particular emphasis is placed on the design and synthesis of boron-containing small-molecule
acceptors for application in thermally activated delayed fluorescence (TADF)-based OLED devices, with the
aim of enhancing device efficiency and color purity through molecular engineering. TADF is a mechanism that
enables the conversion of triplet excitons into singlet excitons through reverse intersystem crossing facilitated
by a small energy gap between the singlet and triplet states. By harvesting both singlet and triplet excitons,
TADF materials can theoretically achieve up to 100% internal quantum efficiency (IQE). For performance
evaluation, two boron-based emitters incorporating phenothiazine and phenoselenazine donor units were
synthesized. Their optical, electronic, and electroluminescent properties were thoroughly characterized.
Among them, BTP-S exhibited superior device performance, achieving an external quantum efficiency (EQE)
of 25.3% and a maximum luminance of 17356 cd/m?, whereas BTP-Se displayed an EQE of 7.5% and a
luminance of 16826 cd/m? These results demonstrate that boron-based acceptor units represent promising
candidates for next-generation high-efficiency OLED displays.

Keywords: Organoboron, Phenoselenazine, Phenothiazine, TADF, OLED
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All Facets of Carboranes: From Fascinating Chemistry to Promising Applications

Igor Sivaev!

'A. N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences

Icosahedral carboranes and metallacarboranes, complexes based on them, have reached their 60th anniversary.
However, it is premature to talk about their retirement - chemistry leads to new discoveries and promises
a wide variety of applications from molecular switches to new luminescent materials. Recent fascinating
results in the field of carborane and metallacarborane chemistry obtained at the A. N. Nesmeyanov Institute
of Organoelement Compounds will be considered. [1-5]. This research was supported by the Russian Science
Foundation (25-43-00072).

References: [1] S.A. Anufriev, S.V. Timofeev, A.A. Anisimov etc., Molecules 2020, 25, 5745. [2] M.Yu.
Stogniy, S.A. Anufriev, A.V. Shmal’ko etc., Dalton Trans. 2021, 50, 2671-2688. [3] M.Yu. Stogniy, S.A.
Erokhina, K.Yu. Suponitsky etc., Dalton Trans. 2021, 50, 4967-4975. [4] M.Yu. Stogniy, S.A. Anufriev, E.V.
Bogdanova etc., Dalton Trans. 2024, 53, 3363-3376. [5] A.V. Shmal’ko, S.A. Anufriev, K.Yu. Suponitsky etc.,
Inorganics 2025, 13, 138.

Keywords: Carboranes, Metallacarboranes, Molecular Switches, Luminescent Materials
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Syntheses, Spectral and Stereogenic Properties of Multi-Heterocyclic Di- and Trinuclear
Boron Complexes

Selen Bilge Kogak', Ezgi Sila Giizel', Blessing Zvikomborero Kusena', Bengisu Oz', Buse Cam Giindogar,
Ozgecan Kaya', Ebru Aydmer', Biinyemin Cosut?

!Ankara University, Faculty of Science, Department of Chemistry
2Gebze Technical University, Faculty of Science, Department of Chemistry

A significant amount of research has been devoted to investigate stereogenism in compounds with tetra-
coordinated main group elements other than carbon like nitrogen, phosphorus, silicon, and sulfur for decades.
The study of compounds with tetra-coordinated boron as a stereogenic center has not been carried out at a
much more intensive level, and stereomerism that relies solely on this element has been considered elusive
for a long time. For the past few years, we have had a motive to better understand the reasons leading to
the formation of different stereoisomers in boron compounds. Therefore, we have been interested in
preparing multi-heterocyclic structures that have a skeleton consisting of two or three boron atoms. In this
study, many series of dinuclear (2) and trinuclear (3) boron complexes based on boroxane and boroxine
archhitectures, respectively, were synthesized from salenH2 type symmetrical bulky ligands [HOArCH=N-
R-N=CHATrOH (1)], arylboronic acids (phenylboronic acid, 4-formyl/hydroxy/mercaptophenylboronic acid,
dibenzofuran-/dibenzothiophene-4-boronic acid), and boric acid for the investigation of their spectral and
stereogenic properties (Scheme). The salen-boron complexes are the only examples of compounds in which
the stereogenism is imparted exclusively by two equivalent boron centers, giving rise to diastereoisomers.
These complexes were examined for their stereogenic properties, and the effects of the R bridge linking the
two salicylidene groups on the stereogenic properties originating from the boron center were investigated
using the combination of nuclear magnetic resonance (NMR) and circular dichroism (CD) spectroscopies
for the first time by our research group. It is possible to determine the number of stereoisomers present in
boron complexes using NMR data. However, NMR data is not sufficient for identifying the stereoisomer
type. The type of a stereoisomer was determined based on CD. In other words, CD spectroscopy was used
to decide which diastereisomer was formed in boron complexes having two equivalent stereogenic boron
centers or to determine whether the boron complex contained only a single diastereomer or a mixture of
diastereomers. It is important to note that the most significant outcome is derived from the combination of CD
and NMR spectra of the boron complexes. On the other hand, stereoisomers were compared with each other
for two different architectural types, dinuclear complexes based on boroxane architecture (RB-O-BR) (2) and
trinuclear complexes based on boroxine architecture [(B-O-B)-(O,BPh)] (3), with seven-, eight-, nine- and
eleven-membered heterocycles [(B-O-B)-(N-CH,-R-CH,-N)]. It is concluded that the number of members in
the heterocycles, and planar and bulky groups included in the structure of the bor-salen complex have been
suggested to be a significant factor in the formation of stereoisomers. The knowledge obtained from this
study is very important not only for boron complexes stereogenic only at the boron atom but also for the other
systems containing stereogenic centers and/or groups.

Reference: Bilge Kocak, S., Kaya, O., Kili¢, Z., Coban, B., Yildiz, U., Cosut, B. 2020. “Syntheses, spectral
and chiral properties and DNA interactions of multi-heterocyclic di- and trinuclear boron complexes”, New
Journal of Chemistry, 44(48), 20966-20981.

Acknowledgements: Selen Bilge Kocak is grateful to the The Scientific and Technological Research Council
of Turkey (TUBITAK) (Project No. 124Z461) and Ankara University Scientific Research Projects (BAP)
(Project No. 13B4240011, 15L0430008 and 21B0430003).

Keywords: SalenH, Ligands, Heterocyclic Boron Rings, Srereogenism, Diastereoisomers, Spectroscopy
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Sulfur and Selenium Functionalized Boron-Based Multiresonance TADF Emitters

Zeynep Giiven'?, René Frank', Hadi Dolati!, Leo Wessel!

'"Technische Universitdit Braunschweig
2Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

Sulfur and Selenium Functionalized Boron-Based Multiresonance TADF EmittersBoron’s high electron
affinity, Lewis acidity, and ability to adopt three-coordinate architectures make it strategic in modern
chemistry and materials science. These features turn boron-containing aromatic structures into promising
emitters for energy, electronics, and optoelectronics—especially OLED (Organic Light-Emitting Diode)
technologies. In OLEDs, multiresonance thermally activated delayed fluorescence (MR-TADF) emitters are
highlighted by atomically patterned frontier orbitals that deliver a small singlet—triplet energy gap (AEST),
narrow emission, and high color purity. To accelerate reverse intersystem crossing (RISC), heavier donor
atoms such as sulfur and selenium (via stronger spin—orbit coupling, SOC) are attractive. However, accessing
S/Se-containing boron-based MR-TADF derivatives remains challenging due to low yields, multistep and
side-reaction-prone sequences, and stability/purification issues; the limited number of systematic studies
further compounds these difficulties [1]. To address this key synthetic limitation, the Hatakeyama route was
adapted and a strategy was devised that leverages the inherent weakness of the C—I bond in iodoarenes at
the lithiation step to improve yield and reproducibility [2].Here, a Modified Hatakeyama Method (MHM) is
presented that replaces bromides with iodo precursors to facilitate Li/halogen exchange, suppress undesired
C—Se bond cleavage, enable late-stage S/Se functionalization, and promote boron-centered ring closure under
side-reaction-minimizing conditions [3]. This streamlines purification and significantly raises reaction yields:
applying the method increases reported values for SeBSe from ~9% to 67% [4] and for SBS from 40% to 81%
[5]; moreover, SBSe is obtained for the first time at =75% yield [3]. In conclusion, the Modified Hatakeyama
Method provides a reliable, modular, and scalable route for the synthesis of S/Se-functionalized MR-TADF
candidates based on the 5,9-X -13b-boranaphtho[3,2,1-deJanthracene (X-B-X; X =S, Se) core; the results
indicate a solid foundation for producing OLED-grade materials with high purity and yield.

References: [1] Uoyama, H.; Goushi, K.; Shizu, K.; Nomura, H.; Adachi, C. Highly efficient organic light-
emitting diodes from delayed fluorescence. Nature 2012, 492(7428), 234-238. https://doi.org/10.1038/
nature11687. [2] Hatakeyama, T.; Shiren, K.; Nakajima, K.; Nomura, S.; Nakatsuka, S.; Kinoshita, K.; Ni, J.;
Ono, Y.; Ikuta, T. Ultrapure Blue Thermally Activated Delayed Fluorescence Molecules: Efficient HOMO—
LUMO Separation by the Multiple Resonance Effect. Advanced Materials 2016, 28(14), 2777-2781. https://
doi.org/10.1002/adma.201505491. [3] Giiven, Z.; Dolati, H.; Wessel, L.; Frank, R. Facile Synthetic Access
Towards Sulfur- and Selenium-Functionalized Boron-Based Multiresonance TADF Emitters. Molecules 2024,
29(24), 5819. [4] Chen, F.; Zhao, L.; Wang, X.; Yang, Q.; Li, W.; Tian, H.; Wang, F. Novel boron- and sulfur-
doped polycyclic aromatic hydrocarbon as multiple resonance emitter for ultrapure blue thermally activated
delayed fluorescence polymers. Science China Chemistry 2021, 64(4), 547-551. [5] Keshri, S. K.; Liu, G.;
Yasuda, T. Ultrafast spin-flip exciton conversion and narrowband sky-blue luminescence in a fused polycyclic
selenaborin emitter. Frontiers in Chemistry 2024, 12, 1375552.

Keywords: Boron, Three-Coordinate Boron, MR-TADF, OLED, Modified Hatakeyama Method
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Theoretical Study on The Closo-Borate and Carba-Closo-Borate: Their Potential
Application as Anionic Counterions In Polyelectrolyte Complex Materials

Erol Yildirim!

'Middle East Technical University, Department of Chemistry, 06800, Ankara, Tiirkiye

Closo-borate anions with the formula [B H > and carba-closo-borate with the formula [CB_H | have
been explored both by theoretically and experimentally. These 1D stable molecular clusters have a highly
symmetrical structures. These anions and their derivatives have very low toxicity which let them to be
used in many applications in photochemistry and medicine. Compared to their other applications, these
anions such as [B H ]* and [CB H_] clusters have relatively been less investigated and discussed as a
counterions in polyelectrolyte complexes. They can be potentially utilized as anionic counterions for cationic
polyelectrolytes that are a class of polymers that carry a positive charge along their backbone such as
poly(diallyldimethylammonium chloride) (PolyDADMAC) and Poly(4-vinylpyridine) (P4VP). In this study,
electronic properties of closo-borates and carba-closo-borates will be determined and their potential as anionic
counterions in polyelectrolyte complexes (PECs) formed by the spontaneous organisation of oppositely charged
polyelectrolytes will be elucidated. Their applications both in polyelectrolyte multilayers by the sequential-
alternating adsorption as well as in PECs by direct bulk mixing will be explored by Density Functional Theory
calculations and molecular dynamics simulations. Use of anionic borate cages in polyelectrolyte complexes
and determination of stable complexes can open a new window both for boron chemistry and polymer science.

Keywords: Closo-Borate, Carba-Closo-Borate, Polyelectrolyte Complex, Density Functional Theory
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Closed Reactor Approach in Ammonia-Boron-Based Catalytic Hydrogen Production
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"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Clean Energy Research Institute (TEMEN), 06510 Cankaya/
Ankara, Tiirkiye

2Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

Ammonia-borane (AB, NH,BH,) is a leading candidate among chemical hydrogen storage materials due
to its high hydrogen content (19.6 wt% H,), low toxicity, chemical stability, and stable structure at room
temperature. The primary objective of this study is to establish a scientific foundation for the design of a compact
hydrogen production reactor with catalytic AB dehydrogenation that can be used in emergency situations or
for portable energy needs, and to experimentally investigate the behavior of a closed reactor for this purpose.
AB and catalysts (Ru@GO/Rh@GO) were synthesized in house by solution and chemical reduction method
respectively. The experiments were carried out in a closed autoclave reactor (Parr Instruments 300 mL). The
AB solution (3g/150 mL), and catalysts were fed sequentially into the reactor. With the AB:catalyst ratio of
30:1 in the experiments started at room temperature under 1 bar Ar. The reaction time, pressure change due to
hydrogen generation, and temperature profile were monitored throughout the reaction. The temperature profile
remained essentially isothermal (no measurable run-away), indicating stable operation. Using Ru@GO and
Rh@GO the system reached 45 bar and 42 bar corresponding to ~93.4% and ~86.9%. of the theoretical H,
yield indicating Ru@GO outperforming Rh@GO. Gas chromatography (GC) showed ~99.5% H, (balance Ar)
with no detectable volatile B-N—H impurities under these conditions. This approach enables pressure-based
tracking of reaction progress, sparsely represented in the literature, and addresses a methodological gap while
directly informing the design of a briefcase-style portable hydrogen system. Guided by these data, engineering
has been initiated for a field-deployable unit integrating a compact pressure reactor, safety relief and leak-tight
fittings, gas scrubbing, and a regulated low-pressure AB solution delivery stage for fuel-cell applications.

Keywords: Ammonia-Borane, NH,BH,, Catalyst, Dehydrogenation, Chemical Hydrogen Storage
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Influence of Synthesis Route on the Catalytic Performance of Spinel Ferrites in NaBH,
Methanolysis

Burge Cirakman'?, Volkan Sahin?®, Ozge Yiiksel Orhan?

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye

’Hacettepe University, Department of Chemical Engineering

YHacettepe University, Department of Chemistry

Spinel ferrite nanoparticles have attracted significant attention as versatile catalysts for hydrogen generation due
to their magnetic recoverability, chemical stability, and tunable surface chemistry [1,2]. However, the influence
of the synthesis technique on their catalytic efficiency remains insufficiently understood. In this study, iron (II,
III) oxide (Fe,0,) and various metal ferrites were synthesized by both hydrothermal and microwave-assisted
routes and evaluated as catalysts for hydrogen generation via sodium borohydride (NaBH,) methanolysis.
Structural and surface analyses were conducted using X-ray diffraction (XRD), scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS) to
elucidate the relationship between synthesis conditions and catalytic behavior. It was observed that microwave-
assisted synthesis consistently produced ferrite particles with smaller crystallite sizes and more defect-rich
surfaces, resulting in markedly enhanced hydrogen generation rates and turnover frequencies (TOF) compared
to hydrothermally prepared analogues, with improvements on the order of 35-40%. The enhanced activity
is attributed to increased surface area, higher oxygen vacancy concentration, and favorable Fe?*/Fe*" redox
balance, all of which promote BH,"activation and methanolysis kinetics. This study highlights the decisive role
of synthesis method in tailoring the catalytic performance of ferrite-based systems and provides a promising
approach for developing efficient, magnetically separable hydrogen generation catalysts.

References: [1] Zhang, Y., Jiang, X., Xie, L., Sun, C., Wu, L., Chen, C., & Chen, Y. (2021). Microwave-
assisted synthesis of spinel ferrite nanoparticles for enhanced catalytic hydrogen generation from NaBH4
hydrolysis. ACS Applied Nano Materials, 4(12), 13572—13582. https://doi.org/10.1021/acsanm.1c03067 [2]
Benkrifa, F. Z., Abdelmalek, F., Daoui, S., Khelifa, S., Bouchama, A., Caglar, A., Kivrak, H., & Addou,
A. (2025). Magnesium-doped cobalt ferrites (Mg, xCosFe,O,) as high-performance catalysts for hydrogen
generation via NaBH, methanolysis. Materials Research Bulletin, 189, 113461. https://doi.org/10.1016/].
materresbull.2025.113461

Keywords: Microwave-Assisted Synthesis, Spinel Ferrites, NaBH, Methanolysis, Hydrogen Generation
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The Essential Role of High Resolution Mass Spectrometry in the Fast and Detailed
Characterization of Variously Substituted Cobalt Bis(Dicarbollide) Ions

Dmytro Bavol', Ece Zeynep Tiiziin', Lucia Pazderova', Bohumir Griiner'

!Institute of Inorganic Chemistry of the Czech Academy of Sciences, Husinec-Rez 250 68, Czech Republic

High-resolution mass spectrometry (HRMS) has undergone significant technological advancement, establishing
itself as a crucial tool in modern analytical chemistry. HRMS enables precise and accurate determination of the
mass-to-charge ratio (m/z) of ions, providing substantially higher resolving power compared to conventional
mass spectrometry. Owing to its ability to measure the subtle differences between exact and nominal masses,
referred to as mass defects; HRMS allows for the discrimination of compounds possessing identical nominal
masses. This analytical capability renders HRMS particularly valuable for the structural elucidation and
characterization of compounds within complex mixtures, including those encountered in boron cluster
chemistry, as demonstrated in this study. Here, we present selected examples of HRMS analyses performed
via direct sample infusion, highlighting its application as a qualitative technique for investigating variously
substituted cobalt bis(dicarbollide) ions (COSAN-) [1]. Particular attention is given to analytical scenarios in
which the obtained spectra exhibit overlapping or coinciding nominal masses among the analyte, minor side
products, unreacted precursors, or unexpected by-products. We present here concrete examples, where the role
of HRMS brough indispensable information about type of substitution and bonding to cobalt bis(dicarbollide)
ion and contributed to resolving ambiguous substitution pathways. Our results demonstrate that direct sample
introduction into the ionization source considerably streamlines the analytical workflow and enables reliable
identification of anionic boron-containing species. This approach proves particularly effective when sample
complexity is moderate and does not necessitate chromatographic separation or fractionation prior to mass
spectrometric analysis.

References: [1] Tiiziin, E.Z.; Pazderova, L.; Bavol, D.; Litecka, M.; Hnyk, D.; Ruzickova, Z.; Horacek, O.;
Kucera, R.; Griiner, B. Inorg. Chem. 2024, 63, 20600.

Acknowledgement: This work was supported by the Czech Science Foundation under project No. 25-16216S
and 25-15887S.
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Large scale production of elemental nano boron powder

Selcuk Acar', Mehmet Suat Somer?

'Pavezyum Kimya
’Kog¢ University

The present work is focusing on the large scale (> 100 kg/year) production of high purity (> 99% B) elemental
boron in amorphous form. The production route for the commercially available elemental boron in the first step
is based on the reduction of B,O, with magnesium, which is also known as metallothermal or Moissan method.
The further purification of the products occurs via acid leaching. However, during the reaction of B,O, and
Mg, poorly crystallized Mg, B, is formed as the major byproduct - besides some B,O and B.O - which cannot
be removed by conventional acid treatment. According to the literature, the most suitable production methods
for high purity elemental boron are the reduction of BCl,with hydrogen gas at elevated temperatures - yielding
diborane gas (B,H,) as the intermediate - or pyrolysis of pure diborane gas. As diborane consists of only boron
and hydrogen, its thermal decomposition yields only boron in solid form and hydrogen gas. The problems
with diborane gas are the availability, price and toxicity. High purity ( > 99.99%) diborane is commercially
available for 1500 €/tank (28 g gas per tank) and requires 6 months for shipping. In addition, diborane is
extremely toxic and explosive when exposed to atmospheric air. It burns rapidly when combined with oxygen
and water forming boric acid. The novelty in our approach in obtaining high purity amorphous boron is
the development of a synthesis technique for “on-demand-diborane” which can be in-situ pyrolyzed to the
elements at T > 573 K. Beside the above mentioned reaction of BCL,/H, gas, there are several methods for the
preparation of B H, reported in the literature. A great majority of them are solvent based reactions requiring
further purifications and removal of solvents. Solid state reactions are easier to handle and do mostly not need
additional refining. In the last ten years new B,H, production methods were introduced one of which is the
metathesis reaction of metal chlorides with alkaline metal boron hydrides via ball-milling. In the present study,
the time-consuming ball milling process was replaced by “gentle heating” of the mixture of the solid reactants
which were pressed to pellets beforehand. In our studies, the gas phase pyrolysis of B,H, yielded> 98.5% pure
amorphous boron. The rest isoxygen impurity resulting from the surface oxidation of the very reactive sub-
micron (<300 nm) boron particles, nitrogen as in the form of surface nitride. The methods described in this
work have been utilized in the production site of Pavezyum Kimya for more than 10 years and over 100 kg/
year elemental nano boron production has been achieved safely and successfully. Almost all MgB, bulk and
wire producers have been using this powder as the raw material of MgB, production.

Keywords: Elemental Boron, Diborane
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Boron Carbon Nitride Materials for Heavy Metal Removal from Simulated Wastewater

Sibel Sentiirk!, H. Enis Karahan', Hale Glirbiiz!

!Department of Chemical Engineering, Istanbul Technical University, Maslak 34469, Istanbul, Tiirkiye

Water pollution is a critical environmental issue worldwide, under the pressure of rapid industrialization.
Different facets of the problem require the implementation of different measures. Yet, the need for more effective
yet affordable adsorbents is increasing for removing various contaminants, including heavy metals. Among
the currently developed adsorbent systems, boron carbon nitrides (in short, BCNs) stand out with their tunable
chemical and physical properties similar to graphene and boron nitride materials [1-3]. Nevertheless, the BCNs
are still poorly investigated, although they can be synthesized using rather facile methods, such as thermolysis.
In this study, we explore the synthesis of BCNs using thermolysis by focusing on the effect of precursor ratio
and thermolysis temperature on the adsorptive removal of lead (Pb*"). We have employed scanning electron
microscope (SEM), X-ray diffractometry (XRD), and Fourier-transform infrared spectroscopy (FTIR) to
characterize as-produced BCNs. To better understand the removal performance, the adsorption behavior was
analyzed via isotherm models. Melamine and boric acid were mixed in a ratio of 3:1 and 3:5 using ethanol
as the solvent. Afterwards, thermolysis was conducted at 500 °C and 600 °C for 4 h (Table 1). While SEM
and XRD analyses were conducted to determine the morphological and structural properties of BCN, FTIR
was used to examine the composition of functional groups. Pb*" removal performance of as-produced BCNs
was obtained by measuring using a thermostatic shaker bath with 50 ppm Pb*? solution at 185 rpm and 30 °C
for 24 h. The remaining Pb* concentration was identified by inductively coupled plasma mass spectrometry
(ICP-MS). Using the material with the highest adsorption capacity under 50 ppm conditions, adsorption
isotherms were formed in the range of 25-250 ppm Pb?* solutions following the same experimental route. The
results were further evaluated in terms of their fit to the Langmuir and Freundlich isotherm models to show
how the adsorption process is taking place. SEM images (Figure 1) indicated that the samples have irregular
structures composed of agglomerated particles without any large visible pores. XRD measurements showed
that those irregular and B-containing agglomerates are amorphous-like in nature with broad peaks belonging
to BCNs observed at around 26.3° and 41.3° (Figure 2) [4, 5]. Moreover, FTIR analyses demonstrated the
rich functional group profile of resulting materials, including -NH,, -NH—, O—H, C-N, B-O, C-N—(C) —C
or C-NH—C, and B—N—B bonds (Figure 3) [6]. Thus, the synthesis of BCN was carried out successfully. As
for the adsorption performance, the sample coded as BCN-3 removed 96% of Pb** from the solution (Figure
4) with an adsorption capacity of 99 mg/g. To further investigate the BCN-3’s adsorption behavior, adsorption
isotherms were composed, and the maximum adsorption capacity for BCN-3 was found to be 263.34 mg/g.
Based on the non-linear regression (least squares) analysis, the adsorption behavior of the sample under the
investigated conditions was in accordance with the Freundlich isotherm, which is described as multilayered
and heterogeneous (Figure 5) [7].In conclusion, thermolysis was a successful method in synthesizing BCNS,
and their potential as an adsorbent in wastewater treatment were shown. Among the investigated thermolysis
properties, the temperature did not significantly affect the structure or the adsorption performance. However,
the effect of the precursor ratio was immense on the adsorption capacity. BCN-3 and BCN-4 were found to be
an agreeable adsorbent in wastewater treatment. Further studies are needed to show that BCNs as adsorbents
can be effective against other pollutants.

References: [1] Peng, D., Jiang, W., L1, F., Zhang, L., Liang, R., & Qiu, J. (2018). One-pot synthesis of boron
carbon nitride nanosheets for facile and efficient heavy metal ions removal. ACS Sustainable Chemistry &
Engineering, 6(9), 11685-11694. [2] Zhong, Y., Lin, Y., Chen, Q., Sun, Y., & Fu, F. (2019). Rapid photo-
degradation of various organic dyes with thin-layer boron-doped graphitic carbon nitride nano-sheets under
visible light irradiation. Journal of Environmental Chemical Engineering, 8(2), 103567. [3] Yan, S. C., Li, Z.
S., & Zou, Z. G. (2010). Photodegradation of Rhodamine B and methyl orange over boron-doped g-C3N4
under visible light irradiation. Langmuir, 26(6), 3894-3901. [4] Yu, J., Xiong, S., Wang, B., Wang, R., He,
B., Jin, J., Wang, H. and Gong, Y. (2023). Constructing boron-doped graphitic carbon nitride with 2D/1D
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porous hierarchical architecture and efficient N2 photofixation, Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 656, 130481. [5] Kokulnathan, T. and Wang, T.J. (2019). Synthesis and characterization
of 3D flower-like nickel oxide entrapped on boron-doped carbon nitride nanocomposite: An efficient catalyst
for the electrochemical detection of nitrofurantoin, Composites Part B: Engineering, 174, 106914. [6] Shang,
S., Chen, P., Wang, L., Lv, Y., Li, W., & Gao, S. (2018). Metal-free nitrogen- and boron-codoped mesoporous
carbons for primary amides synthesis from primary alcohols via direct oxidative dehydrogenation. ACS
Catalysis, 8(11), 9936-9944. [7] Hao, Q., Song, Y., Mo, Z., Mishra, S., Pang, J., Liu, Y., Lian, J., Wu, J., Yuan,
S., Xu, H. and Li, H. (2019). Highly efficient adsorption of oils and pollutants by porous ultrathin oxygen-
modified BCN nanosheets, ACS Sustainable Chemistry & Engineering, 7(3), 3234-3242.
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Figure 1. SEM images of BCN-1, and BCN-3.
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Figure 2. XRD pattern
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Figure 3. FTIR spectrum of BCN-3
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Figure 5. Adsorption isotherm of BCN-3

Table 1. Experimental conditions for the synthesis of BCNs.

Sample Label | Precursor Ratio | Thermolysis Temperature (°C) | Thermolysis Duration (h)
BCN-1 3:1 500 4
BCN-2 3:1 600 4
BCN-3 3:5 500 4
BCN-4 3:5 600 4
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Kobalt Borat Bilesiginin Sentezlenmesi ve Kirmizi Fosfor ile Sinerjik Etki Saglanarak
Epoksi Esash Kompozitlere Yanmazlik Ozelliginin Kazandirilmasi

Ahmet Bulut!, Murat Rakap', Mehmet Yurderi2, Cagrialp Arslan®, Umit Tayfun®

!Bartin Universitesi, Fen Fakiiltesi
’Bartin Universitesi, Meslek Yiiksek Okulu
3Bartin Universitesi, Miihendislik, Mimarlik ve Tasarim Fakiiltesi

Uzay, otomotiv, insaat ve elektronik sektorler termoset regineler kullanilmaktadir. Bu kullanim alanlarinin
cogunda termoset reginelerin belirli bir yanmazlik diizeyine sahip olmasi beklenir. Gii¢ tutusur 6zellik
kazandirmak i¢in epoksi gibi sentetik recineye dolgu malzemesi eklemek, halen tercih edilen 6nemli ve
yaygin bir uygulamadir. Bu amagla, halojen i¢eren bilesikler (6rnegin, klor ve brom), metal hidroksit (6rnegin,
aluminyum trihidrit-ATH ve magnezyum hidroksit-Mg(OH),) ve fosfor igeren gii¢ tutusurluk maddeleri
siklikla kullanilmistir. Bununla birlikte, halojen esasli bilesiklerin kullanilmasina getirilen kisitlamalar ve
metal hidroksitlerin oldukca yiiksek (%50) oranlarda kullanilmasi nedeniyle giincel ¢aligmalar fosfor esasl
gii¢ tutusurluk maddelerinin kullanimina ve etkinligini artirmak iizerine yogunlagsmistir. Termoset recinelerde
tek basina borlu bilesiklerin gii¢ tutusurluk etkisini arastiran ¢aligma sayist mevcut degildir. Gii¢ tutusurluk
eklentisi ile yapilan ¢aligmalar, bor igeren bilesikler ile sinerjik etkilesim saglanmasi tizerine kurgulanmaktadir.
Bu ¢aligmalarda, gii¢ tutusurluk maddelerinin etkinligini artirmak ve kullanim miktarlarini diisiirmek yoluyla
mekanik 6zelliklere olasi zararl etkilerini azaltmak amagclarina odaklanilmaktadir. Calisma kapsaminda erimis
tuz destekli borotermal indirgeme yOntemiyle sentezlenen kobalt borat bilesiginin, epoksi reginelerinde tek
basina kullanildiginda gii¢ tutusurluk etkinligine ek olarak, kirmizi fosfor yanmazlik eklentisi ile sinerjik
etkinligi arastirilmistir. Aragtirmanin ilk asamasinda, kobalt borat bilesiginin sentez islemi, kobalt metalin
tuzu ve borik asit tiirevleri kullanilarak sulu ortamda otoklav i¢inde 240 °C sicaklikta sicaklik-kati reaksiyonla
iiretilme yontemi ile gergeklestirilmistir. Sentezlenen bilesigin karakterize edilmesinde X-1smn1 analizi
(XRD), SEM-EDX analizi, termogravimetrik analiz (TGA) ve Fourier doniisiimlii kizilotesi 151n (FTIR)
spektroskopisi kullanilmistir. Sentezi gergeklestirilen Co,B,O, bilesigi, oncelikle tek basina agirlikga degisik
oranlarda kullanilarak gii¢ tutusurluk etkileri incelenmis olup, daha sonraki asamada ise kirmizi fosfor igeren
giic tutusurluk eklentisi ile birlikte kullanilarak sinerjik etkilesimleri UL-94, smirlayici oksijen indisi (LOI)
ve konik kalorimetre testleri ile degerlendirilmistir. Yanmazlik testleri sonucunda, %1 oraninda kobalt borat
ile %9 oraninda kirmiz1 fosfor igeren kombinasyon, yanmaya karsi direng agisindan 6n plana ¢ikmistir. Bu
numunede, UL-94 dikey testinde VO degerine ulasilmis, sinirlayict oksijen indisi (LOI) degerinde eklentisiz
epoksiye kiyasla 1,5-2,0 birim artig olup kalorimetre testinde eklentisiz epoksiye gore %30 civarinda daha
diistik 1s1 salinim miktar1 (HRR) gozlenmistir.

Anahtar Kelimeler: Metal Borat Sentezi, Yanmazlik, Kobalt Borat, Kirmiz1 Fosfor, Epoksi Regine

Calismanin sentez, iiretim ve karakterizasyon agsamalarini 6zetleyen gorsel
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Syntheses, Spectral and Chiral Properties, and DNA Interactions of Macrocyclic Boronates
Based on Boroxane and Boroxine Architectures
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When a central atom is tetra-coordinated, the compound becomes optically active by having four different
atoms or groups surrounding it. The complexation of boronic acids with a Schift base ligand is a common way
to acquire tetra-coordinated boron atoms. The use of chiral Schiff base ligands has resulted in the synthesis
of diastereomerically and enantiomerically pure macrocyclic boronates (boron complexes), but the chirality
of these compounds is not solely due to the boron atom. On the other hand, in the studies of macrocyclic
boronates with Schiff base ligands, chirality only at the boron atom is much less common. Our approach has
been to develop macrocyclic boronates, with the two boron atoms being tetra-coordinated to improve stability,
and chirality is only seen in the boron atoms. Therefore, we have utilized achiral tetradentate salenH2 type
symmetrical bulky ligands (1) which have two imine groups in their structures to react with dibenzofuran-4-
boronic acid. In this study, we have synthesized a series of new macrocyclic boronates containing a planar
and bulky dibenzofuranyl group with two different architectural types for the investigation of their spectral
and chiral properties, and DNA cleavage activities. Firstly, salenH, ligands [HOArCH=N-R-N=CH-ArOH
(1); R=(CH,)n, n=2-4, and R=(CH,CH(OH)CH,)] were obtained from the reactions of salicylaldehyde with
1,2-diaminoethane, 1,3-diaminopropane, 1,4-diaminobutane and 2-hydroxy-1,3-diaminopropane, respectively,
in dry MeOH. Dibenzofuran-4-boronic acid and salenH, type ligands (1) were brought to condensation reactions
in a 2:1 stoichiometry in toluene to obtain dinuclear macrocyclic boronates with a boroxane group (RB-O-BR)
(2). Trinuclear macrocyclic boronates (3) with a boroxine group (B-O-B)-(O,BPh) were synthesized through
the combination of boric acid/dibenzofuran-4-boronic acid and salenH2 type ligands (1) in asetonitrile.
Macrocyclic boronates contain a central seven-, eight- and nine-membered heterocycles [(B-O-B)-(N-CH.,-
R-CH,-N)] with an oxygen atom bridging two boron atoms, and possess two equivalent chiral boron centers.
The structures of the macrocyclic boronates were characterized by elemental analysis, FTIR, MS, 1D 1H, 13C
and 11B NMR, and 2D HSQC techniques. It was determined from the NMR spectra that dinuclear (2) and
trinuclear (3) macrocyclic boronates had only one stereoisomer, and from the circular dichroism (CD) spectra
it was determined that they had only one of the enantiomers. The literature is lacking sufficient research on the
interaction of dibenzofuran derivatives with DNA, but it has been demonstrated that dibenzofuran derivatives
interact with DNA and bind to it through intercalation. Therefore, the gel electrophoresis and UV titration
methods were employed to examine interactions between DNA and macrocyclic boronates. It was found that
dinuclear macrocyclic boronates (2) did not have any effect on DNA but did cause it to precipitate in the gel.
DNA was damaged at a high concentration of trinuclear macrocyclic boronate [R=(CH,CH(OH)CH,)].

References: Bilge Kogak, S., Kaya, O., Kili¢, Z., Coban, B., Yildiz, U., Cosut, B. 2020. “Syntheses, spectral and
chiral properties and DNA interactions of multi-heterocyclic di- and trinuclear boron complexes”, New Journal
of Chemistry, 44(48), 20966-20981. 2) Coban, B., Saka, E., Yildiz, U., Akkog, S. 2021. “DNA interactions and
antiproliferative activity studies of octahedral nickel complexes of two extended phenanthrolines”, Chemistry
Select, 6(34), 9012-9023.

Acknowledgements: Selen Bilge Kogak is grateful to the The Scientific and Technological Research Council
of Turkey (TUBITAK) (Project No. 124Z461).

Keywords: SalenH, Ligand, Macrocyclic Boronate, Dibenzofuran, Chirality and Spectroscopy, Plasmid
DNA
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From Alchemical Curiosity to Strategic Advanced Material: Evolution of Elemental Boron
Production and Technology

Mehmet Suat Somer', Selguk Acar?, Ozge Balci Cagiran®, Kamil Kiraz?, Tolga Ballik?

'Koc University, Department of Chemistry, Istanbul, Tiirkiye,
2Pavtec Kimya, Kocaeli, Tiirkiye

sizmir Institute of Technology, Department of Materials Science and Engineering, izmir, Tiirkiye

Elemental boron occupies a unique position in the modern materials landscape: simultaneously ancient in
curiosity, modern in application, and technically challenging in synthesis. Since its discovery in 1808 by
Gay-Lussac, Thénard, and independently by Davy—during a period marked by intense chemical exploration
and early electrochemical reduction—boron has transitioned from a laboratory novelty to a cornerstone of
advanced technology platforms. For over two centuries, its path has been shaped by the quest to isolate
the element in pure, crystalline form and to unlock its extraordinary combinations of hardness, low density,
neutron absorption capacity, high melting point, and complex allotropy. This presentation traces the scientific,
technological, and industrial evolution of elemental boron, highlighting the milestones that enabled its entry
into high-value sectors including defense, energy, aerospace, electronics, and nuclear systems. The early
synthetic efforts were dominated by impure materials, often referred to as “amorphous boron,” produced
via reduction of boric acid or boron oxide using potassium, sodium, or magnesium. Although these classical
methods—particularly the magnesium reduction process (Moissan reaction)—remained dominant well into
the 20th century, they frequently yielded boron contaminated with residual metal oxides, borides, and carbon.
The persistent challenge of obtaining ultra-high-purity boron ( > 99.99%) stimulated the development of
advanced routes such as chemical vapor deposition (CVD) using boron halides, high-temperature reduction
with hydrogen, halide electrolysis, plasma-assisted synthesis, and more recently laser-driven and carbothermal
hybrid reduction processes under controlled atmospheres. These innovations enabled the production of
crystalline B-rhombohedral boron and opened pathways toward isotopically enriched '°'B and "B boron,
essential for neutron shielding, quantum materials research, and emerging semiconductor applications.
Contemporary production methodologies continue to evolve, with a strong emphasis on thermodynamic
optimization, impurity control, and reactor design. Purification strategies such as acid leaching, controlled
oxidation-reduction cycles, sublimation refining, and zone purification are increasingly integrated with
scalable reaction engineering. Meanwhile, the growing demand for nano-scale boron and boron-rich phases—
driven by applications in energetic materials, superconductivity (e.g., MgB,), solid-state batteries, and next-
generation coatings—has inspired research into solvothermal, plasma-nano, and mechanochemical synthesis
strategies capable of precise morphology and particle-size control. This presentation provides a systematic
comparison of traditional and modern production routes, their thermodynamic basis, scalability, purity limits,
and relevance to industrial deployment. In parallel, the historic journey of boron will be contextualized within
the evolution of scientific discovery, illustrating how an element once mistaken for a mere curiosity became
a strategic material for future-oriented technologies. By bridging historical insight with modern process
innovation, this work aims to highlight the remarkable scientific persistence that defined boron’s story and to
outline the technological frontiers that will shape its next chapter.

Keywords: Elemental Boron, High-Purity Synthesis, Advanced Reduction Routes, Strategic Applications
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A New 2D Frontier: Hydrogenated Borophene for Rapid Water Purification

Ozden Giines YILDIZ', Umut Aydemir'

'Kog¢ University

Water scarcity continues to be one of the most urgent global issues, compounded by the growing contamination of
freshwater sources with hazardous pollutants such as heavy metals, dyes, pesticides, hormones, pharmaceuticals,
and industrial effluents [1]. These persistent contaminants threaten both human health and ecological stability
due to their toxicity, bioaccumulation, and carcinogenic nature [2]. Accordingly, extensive research efforts
have focused on developing efficient purification technologies, including membrane filtration, catalytic
degradation, and adsorption processes [1]. Among these, adsorption stands out as an exceptionally versatile
and scalable method owing to its operational simplicity, cost-effectiveness, and high removal efficiency [3].
Nanostructured materials have recently attracted considerable interest as next-generation adsorbents because
of their high surface area, tunable chemistry, and strong affinity toward diverse pollutants. Graphene-based
systems and other carbon adsorbents have achieved notable success but still suffer from limitations such
as slow adsorption kinetics, surface agglomeration, and the restricted accessibility of active sites [4,5]. To
overcome these constraints, it is essential to explore alternative two-dimensional (2D) materials that combine
high chemical activity with structural stability. Herein, we report the first experimental demonstration of
hydrogenated borophene (HB) as an ultrafast and high-capacity adsorbent for water purification. Using
methylene blue (MB) as a representative contaminant, HB exhibited a record adsorption capacity of 1428,57 mg
g and achieved over 99.8% removal efficiency within five minutes, outperforming state-of-the-art graphene-
based materials. Mechanistic studies confirmed that adsorption follows the Langmuir isotherm and pseudo-
second-order kinetics, governed primarily by synergistic electrostatic interactions and n-r stacking between
the negatively charged HB surface and cationic dye molecules.These findings establish HB as a transformative
2D platform that bridges the gap between theoretical predictions and practical water purification technologies,
offering new opportunities for rapid, efficient, and sustainable wastewater treatment.

References: [1] M.A. Shannon, P.W. Bohn, M. Elimelech, J.G. Georgiadis, B.J. Marifias, A.M. Mayes,
Science and technology for water purification in the coming decades, Nature 452 (2008) 301-310. https://
doi.org/10.1038/nature06599. [2] B. Lellis, C.Z. Favaro-Polonio, J.A. Pamphile, J.C. Polonio, Effects of
textile dyes on health and the environment and bioremediation potential of living organisms, Biotechnology
Research and Innovation 3 (2019) 275-290. https://doi.org/https://doi.org/10.1016/j.biori.2019.09.001. [3]
K. Azam, N. Shezad, 1. Shafiq, P. Akhter, F. Akhtar, F. Jamil, S. Shafique, Y.-K. Park, M. Hussain, A review
on activated carbon modifications for the treatment of wastewater containing anionic dyes, Chemosphere
306 (2022) 135566. https://doi.org/https://doi.org/10.1016/j.chemosphere.2022.135566. [4] Y. Shen, B.
Chen, Sulfonated Graphene Nanosheets as a Superb Adsorbent for Various Environmental Pollutants in
Water, Environ. Sci. Technol. 49 (12) (2015) 7364—7372, https://doi.org/10.1021/acs.est.5b01057. [5] Y.Y.
Tan, A.A. Abdul Raman, M.L.I. Zainal Abidin, A. Buthiyappan, Sustainable Dye Adsorption using Novel
Activated Carbon Prepared from Passion Fruit (Passiflora Edulis) Leaf: Mechanism and cost Analysis, Ind.
Eng. Chem. Res. 62 (36) (2023) 14507—-14521, https://doi.org/10.1021/acs.iecr.3c¢01303.
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Structural and Thermal Evaluation of TiB, Coatings on Ti-6Al-4V Alloy

Ege Demir', Mehtap Arslan-Kaba!, Glildem Kartal Sireli!

Istanbul Technical University, Department of Metallurgical & Materials Engineering

Titanium alloys are widely employed in aerospace, biomedical, and high-performance engineering applications
due to their outstanding properties, such as high specific strength and excellent corrosion resistance. In
addition, these alloys exhibit remarkable compatibility with advanced functional materials. However, their
relatively low surface hardness remains a critical limitation in severe service environments. Among several
surface modification techniques, boriding has been recognized as an effective approach to enhance the surface
hardness and wear resistance of titanium alloys, particularly Ti-6Al-4V. In this study, a TiB, coating layer was
fabricated on Ti-6Al-4V alloy using the CRTD-Bor (Cathodic Reduction Thermal Diffusion-based Boriding)
technique. A dense TiB, layer approximately 3 pm thick was obtained after a 45 min process at 1000 °C
under a current density of 200 mA/cm?. The structural and thermal properties of the resulting coating were
subsequently investigated. The boriding process was carried out in a molten salt bath composed of 90 wt.%
Na,B,0, and 10 wt.% Na, CO,. Grade 5 Ti-6Al-4V alloy specimens were used as the cathode, while a graphite
crucible served as the anode. The system was heated using a medium-frequency induction furnace. After the
CRTD-Bor process, the specimens were quenched in water and subsequently normalized to eliminate the
residual thermal effects induced by high-temperature exposure. The resulting boride layer was characterized
by X-ray diffraction (XRD) and scanning electron microscopy (SEM) analyses, while thermal reflectivity was
measured in accordance with ASTM E408. SEM observations (Figure 1a) revealed that a dense TiB, coating
layer approximately 3 pm thick was formed on the Ti-6Al-4V substrate. Additional XRD analysis (Figure
1b) confirmed the stoichiometric TiB, growth. Thermal reflectometer tests revealed that the boriding process
increased the emissivity values of the specimens. An average emissivity value of 0.89 was observed for 8-12
um wavelength at an average of 20° and 60° incidence angle for TiB,-coated specimens. Emissivity values are
remarkable for two different aspects, which both can be understood by contemplating thermal radiation (Table
1) The study demonstrated that a TiB, coating layer was successfully formed on the Ti-6Al-4V substrate
at 1000 °C and a current density of 200 mA/cm? during a 45 min CRTD-Bor process. The presence of this
coating resulted in a notable increase in the emissivity of the specimens. The enhancement in emissivity within
the 8—12 um wavelength range can be interpreted as a reduction in infrared observability, which is a desirable
attribute for stealth and thermal camouflage applications.

Acknowledgement: We would like to thank to Turkish Aerospace Materials Test and Characterization
Laboratories.

Keywords: TiB, Coating, CRTD-Bor Technique, Mechanical Properties, Tensile Strength, Thermal Emissivity
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Figure 1. a) Cross-sectional SEM image b) XRD pattern of TiB, coating
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Synthesis of Cerium Hexaboride Powders via Molten Salt Electrolysis

Kemal Kagan Heper!, Selim Ertiirk!, Mehtap Arslan-Kaba!, Giildem Kartal Sireli'

Istanbul Technical University

Rare-earth hexaborides (RB,) are advanced ceramic materials that exhibit a combination of high hardness,
chemical inertness, and low work function, making them ideal for use as thermionic cathodes, electron emitters,
and high-temperature protective coatings. Among these compounds, cerium hexaboride (CeB,) is particularly
attractive due to its low work function (~2.5 eV), excellent oxidation resistance, and high stability under
vacuum conditions. These properties arise from its simple cubic CaB -type lattice, in which the cerium atoms
are encased by rigid B octahedra providing strong covalent bonding [1]. Conventional synthesis methods
such as borothermal reduction, flux growth, and spark plasma sintering often require complex equipment,
elevated temperatures, and prolonged processing times. Therefore, the development of an alternative, green,
and scalable approach is essential to obtain high-purity CeB, with lower cost and reduced environmental
impact [2]. The primary objective of this research is to synthesize CeB, powders via oxide-based molten-salt
electrolysis using a Na,B,0.—CeO,~CaF, electrolyte. The study aims to elucidate how electrolysis parameters
affect phase formation, particle morphology, and structural integrity of the resulting CeB, powders. Electrolysis
was conducted in a medium-frequency induction furnace, employing a graphite crucible as the anode and a
titanium substrate as the cathode. The effects of temperature (800-1100 °C) and current density (70-500
mA/cm?) were investigated to determine the optimum conditions. After electrolysis, the obtained powders
were washed with diluted acid to remove residual salts and subsequently characterized by X-ray diffraction
(XRD), scanning electron microscopy (SEM), and particle size analysis to evaluate their phase composition,
crystal morphology, and grain growth behavior. XRD analysis confirmed the formation of single-phase CeB,
powders (Figure 1a), while SEM revealed uniform cubic grains consistent with the CaB,-type structure (Figure
1b). Temperature optimization demonstrated that 900 °C was the ideal. Below this temperature, the high
viscosity of the electrolyte restricted ionic transport, whereas temperatures above 1000 °C led to instability
of the molten bath and partial degradation of CeB, crystallinity. Experiments conducted at different current
densities showed that CeB, remained the dominant phase under all tested conditions. The optimum current
density was identified as 200 mA/cm?, which yielded high phase purity, uniform morphology, and efficient
energy utilization.) XRD pattern b) SEM images of synthesized powders [900 °C, 200 mA/cm?] Figure 1. a)
XRD pattern b) SEM images of synthesized powders [900 °C, 200 mA/cm?] High-purity CeB, powders were
successfully synthesized via molten-salt electrolysis employing an oxide-based, green electrolyte system. The
optimum parameters were identified as 900 °C, 200 mA/cm?, and 60 min. After acid purification, the obtained
powders exhibited well-defined cubic morphology and high phase purity, confirming the effectiveness of the
electrochemical route for producing cost-efficient and sustainable CeB, materials.

References: [1] Kartal, G. (2011). Katodik rediiksiyon-termal diflizyon yontemi ile metallerin borlanmasi
(KRTD-Bor) ve siireglerin optimizasyonu [Doctoral dissertation]. [2] Wirz, R., Goebel, D., Marrese, C., &
Mueller, J. (2003, July). Development of cathode technologies for a miniature ion thruster. Paper presented at
the 39th ATAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, Huntsville, AL, United States.
https://doi.org/10.2514/6.2003-4722
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Investigation of Shape Memory Properties of Polycaprolactone/ B** and Fe™ Dual Doped
Hydroxyapatite Composites

Oykii Copur', Zafer Evis?, Aysen Tezcaner?

'Department of Biomedical Engineering, Middle East Technical University
’Department of Engineering Sciences, Middle East Technical University

Many biomaterials have been investigated for scaffold fabrication in hard tissue engineering; however, an
optimal structure that fully demonstrates the requisite physicochemical and biological properties to fulfill
all clinical standards has yet to be developed. In this context, it was aimed to develop PCL/HA membrans
containing different amounts of B and Fe dual-doped hydroxyapatite (HA) that can provide bone regeneration
in the bone defect area and to investigate the effect of both microstructural properties, shape memory effect and
biological properties. B-Fe dual-doped HAs were synthesized by microwave irradiation method and samples
were sintered at 900 °C characterized by FTIR, ICP-MS, XRD and SEM analyses. Then, PCL/HA membrans
containing different amounts of HA (10%, %15 and 30 wt%) were successfully prepared by non-solvent induced
phase separation (NIPS) method. Thermal, biological and morphological characteristics of the membrans are
investigated. Saos-2 cell line was used in biological examinations. For biological characterizations, Alamar
Blue™ assay to detect viability and alkaline phosphatase activity (ALP) assay to detect differentiation were
done. In the relative cell viability (%) test, the highest viability was observed on the membrans with %15 HA
group. It was observed that 0.05B and 0.10Fe addition increased the cell viability and alkaline phosphatase
activity. In addition, the shape memory recovery ratio investigated the presence of different B and Fe doped
HA concentration in the PCL membrans. It was concluded that PCL/HA composite scaffolds with 0.05B
0.10Fe have the potential to be used in BTE.

Keywords: Hydroxyapatite, Polycaprolactone, Shape Memory, Composite, Bone Tissue Engineering
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Table 1. Molar ratios of the elements used in the preparation of pure and doped HA

Sample Reactants molar ratios

Ca Fe P B

HA 10 - 6 -
B-HA 10 - 5.95 0.05
0.01Fe/B-HA 9.99 0.01 5.95 0.05
0.05Fe/B-HA 9.95 0.05 5.95 0.05
0.10Fe/B-HA 9.90 0.10 5.95 0.05
0.25Fe/B-HA 9.75 0.25 5.95 0.05

Table 2. PCL/DCM and PCL/HA membrane samples with solution concentrations (%ow/v)
and additive ratios (%)

Membrane
Sample

PCL 0
PCL/HA
PCL/B-HA
PCL/0.01Fe/B-
HA
PCL/0.05Fe/B- %7,5
HA
PCL/0.10Fe/B-
HA
PCL/0.25Fe/B-
HA

PCL/DCM (%w/v) HA/(PCL/HA) (%)

10, 20, 30

Table 3. The chemical composition of HA, B-HA, and Fe/B-HA according to wt.% of
constitutional elements

Theoretical Molar Ra- Measured Molar Ratio
Sample tio
Ca/P | (CatFe)/(P+B) | Ca/P | (CatFe)/(P+B) | Fe/Ca B/P
HA 1.67 1.67 1.64 1.64 0 0
BHA 1.68 1.67 1.72 1.70 0 0.0089
0.01FeBHA | 1.68 1.67 1.66 1.66 0.0011 | 0.0057
0.05FeBHA | 1.67 1.67 1.65 1.65 0.0047 | 0.0067
0.10FeBHA | 1.66 1.67 1.66 1.67 0.0095 | 0.0069
0.25FeBHA | 1.64 1.67 1.69 1.71 0.0233 | 0.0078
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Synthesis of Manganese Boride (MBene) Thin Films by CVD Process: Microstructural
Analyses

Mehmet Bay', Gokhan Kuzali¢', Nihan Kosku Perkg6z!

! Eskisehir Technical University

In this study, manganese boride (MBene)-based thin films were synthesized by chemical vapor deposition
(CVD) to be investigated as potential functional materials for energy storage and electronic device applications.
Manganese borides are particularly attractive due to their excellent thermal stability and metallic conductivity,
making them strong candidates for multifunctional thin-film applications. In this process, Mn, B,O,, and B
precursors were utilized for depostion on a Cu substrate in a quartz tube and reacted under controlled N, and
H, gas flow at two different temperature ranges (700 °C and 1000 °C) as shown in Figure 1. This configuration
resulted in the formation of a homogeneous and continuous MnB thin film on the substrate. The structural
and morphological properties of the synthesized films were investigated by optical microscopy, scanning
electron microscopy (SEM), Raman spectroscopy, and X-ray diffraction (XRD). Optical and SEM analyses
confirmed that the film formed a uniform and continuous layer, while Raman and XRD results demonstrated
the successful formation of MnB phases with high crystallinity. The findings reveal that the CVD method is
an effective technique for the synthesis of large-area MBene-based thin films in a controlled manner, yielding
optimized structural and morphological properties.

Keywords: Manganese Boride, Energy Storage, CVD, Supercapacitor, MBene

Mn+B,0;+B — ,‘m +«——— Synthesized Layer
SiO; Substrate —————— S0 ‘,““““! ~— CuSubstrate

+—— Quartz Tube

‘ Quartz Tube ‘

—— —
- T

The CVD setup

80 BORON 2025



3-5 December 2025
Eti Maden Bor Campus,
2025 Ankara, Turkiye

International
Boron Symposium

- Ca o
b > .!J‘A‘.’
LR L %

Optical microscope analysis

Intensity (a.u.)

25 30 35 40 45 50 55
2 Theta (Degree)

XRD analysis

BORON 2025 Abstract Proceedings Book 8l



[ ]
L4 3-5 December 2025
Eti Maden Bor Campus,

Ankara, Tarkiye
International
@ Boron Symposium

Wear Property of Ti Al,V Alloy Coated with TiC+TiB, by Electro-Spark Deposition
Siikrii Talas!, Mesut Gokge!

!Afyon Kocatepe University

The ESD coating process for metallic surfaces is simple and quick, requiring minimal surface preparation
prior to coating and minimal damage to the base metal during the coating process. Metallic elements and
alloys, as well as ceramic-based compounds, can be used to deposit a coating layer on the desired surface.
TiC and TiB, coatings are preferred for improved wear resistance and heat transfer efficiency. In this study,
composite electrodes consisting of 60% TiC, 30% TiB, and 10% Co were produced and used to coat Ti Al,V
alloy sheets. The aim of this study was to coat the surface of the Ti Al,V alloy, which is widely used in many

industries, in order to improve its surface properties with regard to wear resistance and increase its surface
hardness, thus allowing it to operate at severe conditions.

Keywords: TiC+TiB, composite, ESD Coating, Ti Al,V
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Investigation of Neutron Absorption of Different Boron and Boron Containing Filters

Kamil Kiraz', Alborz Ebrahimi!, Handan Yilmaz!, Aysegiil Demircioglu®, Selguk Acar*

'Unique Tech Miihendislik
’Smart Niikleer

3Sabanci Universitesi
‘PAVTEC

The increasing use of neutron sources in laboratory, industrial and security applications has created a growing
need for thin, lightweight and functional neutron filters to provide controlled neutron fluxes in specific
energy ranges, to protect detectors and to ensure operator safety. Boron and boron containing compounds
are prominent candidates for this purpose due to their high thermal neutron capture cross sections and
flexible formulation capability. In this study, the neutron absorption performance of various boron-based
filters prepared in an epoxy matrix for use in fields generated by a DD neutron generator is investigated
experimentally. The prepared samples consist of elemental boron with different purities, various borides,
borates, borides with different counter metals, and B,C based composites designed with different loadings
and particle sizes. All samples were produced as epoxy-based plates with identical geometry and a fixed
thickness of 5 mm, and their attenuation behaviour was measured in a DD neutron field thermalized with
6 cm polyethylene by performing count rate based (cps) transmission measurements relative to a reference
plate. In this way, the neutron absorption behaviour is systematically evaluated as a function of boron atomic
fraction, compound structure, counter metal type, concentration and particle size. The study aims to provide a
comprehensive data set that enables an unbiased comparison of different boron-based filter candidates within
the same experimental platform and matrix. The results are intended to define practical design criteria for the
selection of optimum materials and compositions for neutron reference fields, portable neutron systems and
application specific filter designs.In this experimental study, the effect of the following parameters on neutron
absorption behaviour is investigated under the same measurement geometry:Elemental boron with different
puritiesBorides with different stoichiometries (BN, TiB,, B,C, AlB,,, etc.)Different counter metals in similar
boride structures (TiB,, ZrB,, MgB,)Various borates (H,BO,, B,O,)Concentration variation in B,C based
compositesB,C particle size, from very coarse to very fineCompound and mixture effects (e.g. B,C vs (4B
+ C) vs 5C; ZrB, vs (ZrO, + 2B).In this framework, neutron absorption performance is evaluated in relation
to neutron absorption cross section, boron atomic fraction, material density, matrix effect, concentration and
particle size, and optimal material combinations are identified for potential filter and shielding designs.The
experiments were carried out using a DD neutron generator producing neutrons with an energy of 2.45 MeV.
A 6 cm thick polyethylene moderator placed at the generator outlet shifts the neutron spectrum towards the
thermal region, allowing the absorption efficiency of boron-based materials to be observed more distinctly.
After moderation, a reference epoxy plate without powder and, in a separate configuration, an epoxy composite
plate containing boron or a boron compound were placed between the source and the detector. For each
configuration, the count rate (cps) was measured using a thermal neutron detector with appropriate efficiency.
Background and reference corrections were applied for each sample, and statistical uncertainties were
controlled by repeated measurements. The filter samples were prepared using an epoxy resin system cured at
room temperature with a defined amount of boron-based powder. The general procedure was as follows: epoxy
(E) and hardener (H) were weighed in stoichiometric ratio, the selected boron or boron compound powder (P)
was mixed homogeneously with the epoxy to obtain the mixture (M), gentle mixing and, if necessary, vacuum
treatment were applied to minimize bubble formation, the hardener was then added and the final mixture (S)
was poured into molds. All samples were cured to obtain plates with a diameter larger than 7,62 cm and a
fixed thickness of 5 mm. The first sample without powder was prepared as a BLANK REF plate to be used as
the reference. The same procedure was repeated for all boron and boron derivative powders, and each sample
was labelled and stored in a dark environment until measurement. With this approach, the matrix structure,
sample thickness and geometry were kept constant, so that the effects of filler type, concentration and particle
characteristics on neutron attenuation could be isolated. For each sample, the transmission value normalized
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to the reference, T=C "sample” /C reference” , is determined and used to derive the effective macroscopic
absorption coefficient and the attenuation behaviour per unit thickness. The resulting data are then correlated
with key material parameters, including boron atomic fraction and 10B content, the chemical structure and
stoichiometry of the compounds, the contribution of the counter metal to neutron interactions, the weight
fraction of B,C and other boron-containing phases, the particle size distribution of B,C, and, for a fixed
total boron content, the relative performance of elemental boron, compounds and oxide or mixed systems.
This study enables the systematic comparison of different boron and boron-containing compounds as thin
epoxy-based filters under identical experimental conditions and establishes a comprehensive reference data
set in which neutron absorption performance is quantitatively correlated with key parameters such as boron
atomic fraction, compound type, counter metal, concentration and particle size. The resulting findings provide
practical design criteria for material selection in the development of thin, lightweight and tunable filter and
shielding configurations for DD neutron generator applications.

Keywords: Boron Filters, Neutron Absorption, DD Generator, B,C, Nuclear Filter
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The Effects of Different Composite Approaches on the Thermoelectric Properties of B,C/
SiC Composites

Salih Cagri Ozer!, Servet Turan'

!Eskisehir Technical University, Faculty of Engineering, Department of Materials Science and Engineering

Boron carbide offers interest as a low-cost alternative to the common high-temperature thermoelectric
materials, thanks to having hopping-type electrical conductivity, a relatively high Seebeck coefficient, low
thermal conductivity, and excellent high-temperature thermomechanical properties. In this study, B,C was
reinforced with SiC by implementing different composite approaches, namely particulate and network-
structured composites, to improve the thermoelectric properties of B,C. The effects of different composite
approaches and resulting microstructures on the thermoelectric performance of spark plasma sintered B,C/
SiC composites were investigated comparatively. SiC additions of 25 to 75 vol.% % and 2 to 8 vol.% were
used for particulate and network structured composites, respectively. It was observed that the SiC addition
increased the Seebeck coefficient but decreased the electrical conductivity of B,C for both approaches. In
addition to this, the thermal conductivity of the particulate composite deteriorated with SiC addition due to the
intrinsically high thermal conductivity of SiC, ultimately reducing the thermoelectric performance of B,C. On
the other hand, implementing a network structure of SiC reduced the thermal conductivity of B,C thanks to
increased phonon scattering, combined with the enhanced Seebeck coefficient values an improved ZT value
was obtained.

Keywords: Thermoelectric, Boron Carbide, Silicon Carbide, Spark Plasma Sintering, Composite.

Comparative microstructures of B,C/SiC composites with (a) network structure and (b) particulate
composite approaches
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Sythesis and Characterization of High Entropy Boride Powders via Floating Zone Method
and Their Electrochemical Analysis

Turii Bogomol', Ievgen Solodkyi', Serhii Teslia!, Dmytro Rieznik'!, Hasan Go¢mez?, Mustafa Tuncer?, Hiilya
Biger?, Sait Altun?, Ipek Deniz Yildirim?, Ahmet Giingér®, Emre Erdem®

!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
’Kiitahya Dumlupinar University
iSabanci University

In this study, the zone melting technique was employed to synthesize fiber-shaped high-entropy borides
(Ti,,Zr, ,Hf Nb ,Ta ,)B,. As the starting materials, binary diborides TiB,, ZrB, HfB,, NbB, and TaB,
were selected. The synthesized high entropy borides were characterized using X-ray Diffraction (XRD),
Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM), Electron Paramagnetic
Resonance (EPR) and Scanning Electron Microscopy with Energy-Dispersive X-Ray Spectroscopy (SEM-
EDX) techniques. The final products were used as electrode materials in a two-electrode system, and their
electrochemical analysis was carried out with Cyclic Voltammetry (CV), Potentiostatic Electrochemical
Impedance Spectroscopy and Galvanostatic Charge-Discharge with Potential Limitation measurements.

Keywords: Energy Storage, Zone Melting, High Entropy Borides, Electrochemical Properties
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Development of Boron-Functionalized Nonwoven PP/PE Fabrics for Rare Earth Element
Recovery and Antimicrobial Applications

Kiibra Kahremanoglu'?, Sema Akbaba Fathi', Pinar Akkas Kavakli®

! Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/
Ankara, Tiirkiye
’Hacettepe University

The increasing global demand for rare earth elements (REEs) and the growing need for multifunctional
materials have prompted the development of advanced novel polymeric adsorbents. In this study, a nonwoven
polyethylene/polypropylene (PE/PP) fabric was surface-modified via plasma-assisted graft polymerization
using a boron-containing vinyl monomer. The plasma treatment introduced reactive functional groups onto the
inert polymer surface, enabling covalent grafting of the boron compound without compromising the mechanical
integrity of the fabric. The modified fabrics were evaluated for their ability to selectively recover rare earth
elements (light rare elements such as La*", Nd*", and heavy rare earth elements such as Dy*") from aqueous
media. The boron-containing functional groups are expected to enhance the affinity and selectivity toward
REE ions through complex formation, which will be verified using ICP-OES analyses under varying pH and
concentration conditions to optimize the sorption mechanism. In addition to their potential for REE recovery,
the boron-functionalized surfaces were examined for their antimicrobial properties. Antimicrobial potential
of the fabrics was assessed against Escherichia coli, Staphylococcus aureus and Candida albicans according
to the AATCC 100 standard. This dual-functional approach aims to develop a novel boron-based material that
not only enables efficient recovery of valuable rare earth elements but also exhibits antimicrobial performance
suitable for use in medical textiles, filtration systems, and environmental applications. The study highlights the
versatility of boron in polymer science and surface engineering for sustainable and multifunctional material
design.

Keywords: Boron, REE Recovery, Plasma Grafting, Antimicrobial, Surface Modification
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Effect of Structural and Morphological Transformations on the Magnetic Properties of
FeSiBNbCu Alloys with Rare-Earth Element Addition

Ozden Acar', Muhammet Nasuh Arik!, Cihan Eseroglu', Veysel Emre Ozgiile', Aysenur Uzunalioglu?, Umur
Deveci?

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye
’Bogazigi Electricity Distribution Inc. (BEDAS), Istanbul, Tiirkiye

Soft magnetic alloys based on the Fe—Si—-B-Nb—Cu system, commonly known as Finemet-type materials,
have attracted considerable attention owing to their superior combination of low coercivity, high saturation
magnetization, and excellent thermal stability. Their exceptional soft magnetic behavior is primarily attributed
to the formation of a-Fe(Si) nanocrystals (10—20 nm) uniformly dispersed in an amorphous matrix, which can
be achieved through appropriate thermal annealing of rapidly solidified ribbons. In recent years, several studies
have demonstrated that minor additions of rare-earth (RE) elements such as Sc, Tb, Y, Nd, or Dy can further
enhance the magnetic and thermal properties. In this study, a Finemet-type soft magnetic alloy was designed
via microalloying and modified by adding a rare-earth element (at. % 1 Tm) to improve its structural stability
and magnetic performance. The alloy was prepared in three different forms, rod, ribbon, and powder, and
their morphological differences were correlated with the microstructural evolution, crystallization behavior,
magnetic and thermal properties of the material. Initially, the alloy was prepared by vacuum arc melting
under an inert atmosphere and re-melted several times to ensure chemical homogeneity. The bulk alloy was
then cast into rod form via the suction casting technique, after rapidly solidified into ribbon form using the
melt-spinning method. To extend the study toward morphology-dependent properties, a portion of the ribbon
was milled into powder form by the ball-milling technique. The physical, structural, thermal, and magnetic
characteristics of the three morphologies were systematically investigated using XRD, LECO, SEM-EDS,
DSC, and VSM analyses. Furthermore, the ribbon samples were subjected to controlled annealing treatments
to induce nanocrystallization, allowing a direct investigation of the relationship between heat-treatment, grain
size evolution, and magnetic properties. Overall, this approach provides valuable insights into how structure
and properties are connected in rare-earth-doped Finemet-type alloys, paving the way for designing the next
generation of soft magnetic materials used in transformer cores, sensors, and power-electronics devices.

Keywords: Soft Magnetic Alloys, Microalloying, Magnetic Properties, Rare-Earth Element, Amorphous
Alloy
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Development of Boron Nitride Coatings for Industrial and Medical Applications

Bilgin Kaftanoglu'!, Korcan Kii¢iikoztas!

!Atilim University

Boron Nitride (BN) has seven allotropes such as hexagonal (h-BN), cubic (c-BN), turbostratic, amorphous,
explosive, rhombodoidal and wurtsic. They all have different properties. h-BN is soft and lubricious whereas
c-BN is hard and abrasive. A method of coating of these allotropes are developed on metals using a Physical
Vapor Deposition (PVD) process. Depending on the coating parameters, different allotropes can be obtained.
As applications of this developed coating technology, cutting tools and dies are coated for increased hardness
and extended life. Implants are coated to provide osteoblastic and antibacterial property. Wires are coated for
promoting healing of bone fractures. Optical lenses are coated to provide a transparent and a hard coating for
protection. Bearings are coated to provide a non-electrical conducting surface. Other products can also be
coated for high temperature protection. Theoretical modeling of the coating process is developed. Artificial
Intelligence is applied to improve the coating process.

Keywords: Coatings, Antibacterial, Osteoblastic, Hard, Transparent
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Borofen’in Bilimsel Evrimi: Teorik Calismalardan Endiistriyel Uygulamalara Literatiir
Temelli Bir Yol Haritasi

Nida Nisanur Gozetlik!, Hakan Ates!

'Gazi Universitesi

Bu calisma, borofen’in bilimsel evrimini 2015-2025 donemi literatiirii temelinde inceleyerek, teorik
kesiflerden endiistriyel uygulamalara uzanan kapsamli bir yol haritas1 sunmaktadir. Iki boyutlu bor elementi
olarak borofen, yliksek mekanik dayanimi, elektronik iletkenligi ve kimyasal reaktivitesiyle son on yilda
yogun ilgi gérmiistiir. Calisma kapsaminda, borofen’in farkli yapisal fazlari, hesaplamali modelleme teknikleri
(DFT, MD vb.), patent verileri ve endiistriyel yonelimler sistematik olarak analiz edilmistir. Literatiir taramasi,
borofen’in potansiyel uygulama alanlarinin (enerji depolama, sensor teknolojileri, nanoelektronik) giderek
cesitlendigini ve akademik arastirmalarin teknoloji transferiyle biitiinlesmeye basladigin1 gostermektedir.
Ayrica, bilimsel gelismelerin politika ve yatirim stratejilerine etkisi degerlendirilerek, gelecekteki arastirma
ve ticarilesme egilimlerine dair 6ngoriiler sunulmustur. Bu yoniiyle ¢calisma, yalnizca akademik bir derinlik
sunmakla kalmayip, borofen’in stratejik konumlanmasina dair ¢ok boyutlu bir perspektif gelistirmektedir.

Anahtar Kelimeler: Borofen, Yapisal Fazlar, Hesaplamali Malzeme Bilimi, Endiistriyel Uygulamalar
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Synthesis and Structural Characterization of Neodymium Hexaboride (NdB,) Powder

Nadide Miinevver Dogduaslan', Osman Can Ozer', Mehtap Arslan Kaba', Giildem Kartal Sireli

Istanbul Technical University

Rare-earth (RE) borides exhibit distinctive properties arising from f-electron interactions, providing strong
potential for high-temperature applications. Among RE hexaborides, NdB, represents the most thermally
stable phase. Its technological relevance is attributed to its high melting point, low work function (~1.6 eV),
low vapor pressure, excellent chemical stability, and narrow-band semiconducting nature [1,2]. NdB, powders
have been synthesized through several approaches [3]; however, these processes often suffer from issues related
to contamination, phase control, or limited crystallinity. In contrast, the molten-salt electrolysis technique
developed in this study is a greener, scalable, and cost-effective route that yields high-purity NdB, using
oxide-based salts. In particular, the use of borax enables high throughput and significantly shorter processing
times. The electrolyte (94 wt% Na B,0., 5 wt% Nd,O,, 1 wt% CaF,) and 60 min electrolysis time followed
our group’s prior work. Titanium (Grade 2) and low-carbon steel (AISI 1018) served as cathodes, with a
graphite crucible as the anode. Experiments systematically varied current density (0.1, 0.2 and 0.4 A/cm?)
and temperature (900-1000 °C). Powders, containing minor impurities, were purified by HCI leaching, then
subsequently filtered and dried. Structural characterization employed XRD, SEM, and particle-size distribution
analysis. The XRD results of powder collected on the cathode surface in the experiment are presented in
Figure 1. NdB, was obtained under these parameters; besides the main NdB, phase, NdBO, appeared before
HCl cleaning and was completely removed afterward. SEM micrographs (Figure 1b—c) show the characteristic
cubic morphology with a uniform distribution. Consistent with XRD, no phases other than NdB, were detected
after HCl cleaning. With increasing temperature, particle size increased, whereas no significant correlation with
current density was observed. At high current densities, agglomeration caused bulk spalling from the cathode.
The average particle size was 52.13 um (Figure 1d). Using a low-carbon-steel cathode produced similar XRD
and SEM outcomes; the mean particle size from particle-size analysis was 82.01 pm (Figure 1g). In this
study, high-purity NdB, powder was successfully produced via molten-salt electrolysis using a borax-based
electrolyte. XRD and SEM analyses confirmed the phase purity and characteristic cubic morphology of the
powders. Particle-size analysis revealed that larger particles were obtained using a steel cathode compared to
titanium. Since finer powders are desirable for forthcoming functional applications, titanium will be preferred
as the cathode material in future work.

References: [1] Zhao, X., Liu, X., Lin, F., Liu, W., & Su, W. (1997). A new route for the synthesis of boron-
rich rare-earth boride NdB6 under high pressure and high temperature. Journal of alloys and compounds,
249(1-2), 247-250. [2] Cahill, J. T., & Graeve, O. A. (2019). Hexaborides: a review of structure, synthesis and
processing. Journal of Materials Research and Technology, 8(6), 6321-6335. [3] Sonber, J. K., Murthy, T. S.
R. C., Paul, B., Majumdar, S., Sairam, K., Sahoo, D., ... & Kain, V. (2024). Studies on synthesis, densification,
and characterization of neodymium hexaboride. International Journal of Applied Ceramic Technology, 21(3),
1425-1437.

Keywords: Co-Deposition, Molten Salt Electrolysis, Rare Earth Borides
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Figure 1. (a) XRD pattern, (b) as-produced (c) HCl-cleaned SEM images, (d) particle size distribution of
NdB, powder synthesized from an electrolyte composed of 94 wt% Na B,0O_, 5 wt% Nd,O,, and 1 wt% CaF,
at 0.2 A/cm? and 900 °C using a titanium cathode. (e-h) Corresponding results obtained under identical

conditions using a low-carbon steel cathode
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Synthesis of Vanadium Borides by Molten Salt Electrolysis

Elif Ecem Ozgiiveng', Simay Yanik', Mehtap Arslan Kaba', Giildem Kartal Sireli'

Istanbul Technical University

Metal borides with distinct stoichiometries and structures are widely utilized in cutting tools, wear- and
corrosion-resistant coatings, and high-temperature components [1]. Within this class, vanadium borides exhibit
high hardness, excellent oxidation and wear resistance, and, due to their multiple oxidation states, hold great
potential as electrode materials for batteries and capacitors [2]. Compared to other synthesis routes of borides,
molten-salt electrolysis offers several advantages, including simple equipment requirements, short processing
times, and economic as well as environmentally friendly features [3]. This study aims to produce vanadium
boride phases via molten-salt electrolysis using an oxide-based electrolyte and to elucidate the effects of
process parameters on phase formation and powder morphology. Molten-salt electrolysis was carried out in
a medium-frequency induction furnace using a graphite crucible as the anode and a low-carbon steel plate as
the cathode. The electrolysis was performed at 900 °C for 1 h. The temperature and duration were adopted
from previous studies, while the optimum current density was explored in the range of 70-500 mA cm?. To
evaluate the effect of current density at constant temperature and time on the composition and morphology
of ViBy powders, X-ray diffraction (XRD), scanning electron microscopy coupled with energy-dispersive
spectroscopy (SEM/EDS), and particle size analysis were performed. According to the XRD results, VB was
deposited at the lowest current density (70 mA cm™), whereas VB, powders formed at higher ones (100, 150,
200, and 500 mA cm?) (Figure 1(a)). SEM indicates that particle morphology varies with current density:
irregular, dispersed particles appear at lower current densities (70-150 mA cm), while hexagonal VB, grains
emerge at higher ones (200 and 500 mA cm™) with a particle agglomeration. From an energy standpoint, the
cell potential increased with current density, demonstrating that production at lower current densities did
not require high energy input. Consequently, under the fixed electrolysis time and temperature conditions, a
current density of 200 mA cm™ was identified as optimal. This study demonstrates a scalable, environmentally
benign, rapid, and cost-effective route for producing VB/VB, powders in an oxide-based, stable, and low-
viscosity molten-salt medium. In particular, it shows that high-phase-purity VB, can be obtained by optimizing
temperature, current density, and electrolysis duration.

References: [1] Albert, B., & Hofmann, K. (2017). Metal Borides: Versatile Structures and Properties.
Handbook of Solid State Chemistry, 435-453. [2] Yao, T., Wang, Y., Li, H., Lian, J., Zhang, J., & Gou. H.
(2012). A universal trend of structural, mechanical and electronic properties in transition metal (M =V, Nb,
and Ta) borides: First-principle calculations. Comput. Mater. Sci., 65, 302-308. [3] Kartal, G. (2011). Katodik
Rediiksiyon- Termal Diflizyon Yontemi ile Metallerin Borlanmasi (KRTD-Bor) ve Siireglerin Optimizasyonu
(Doktora Tezi). Istanbul Teknik Universitesi, Lisansiistii Egitim Enstitiisii, Istanbul.

Keywords: Vanadium Boride, Molten Salt Electrolysis, Co-deposition
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Figure 1. (a) XRD pattern of VxBy powders at different current densities (70-500 mA cm™2) at 900 °C and
60 min., (b) SEM image and, (c) Particle size analysis of VxBy powders produced at optimum temperature,
time and current density values [200 mA ¢cm, 900 °C and 1h.]
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Boron as a Dopant in Lead-Free Electroceramics

Metin Ozgiil', Samet Abbak', Serhat Tikiz', Mahmud Cemaleddin Yal¢in?

4fyon Kocatepe Universitesi Teknoloji Uygulama ve Arastirma Merkezi
2Afyon Kocatepe Universitesi Teknoloji Fakiiltesi Metalurji ve Malzeme Miihendisligi Béliimii

Currently, Pb(Zr,Ti)O, (PZT) and its derivatives are widely used in various electronic applications such as
sensors, transducers, and actuators due to their superior piezoelectric properties and performance. However,
there has been intense research over the past twenty years for the development of more environmentally
friendly alternatives to PZT, due to the toxicity of lead (Pb) in the composition. Bi, Na  TiO, (BNT) based
lead-free piezoelectric ceramics are emerging as one of the prominent material candidates to replace PZT.
In this research, it is aimed to investigate property and performance of BNT based binary (BNT-BT and
BNT-BKT) and ternary (BNT-BKT-BT) solid-solutions doped with different elements. The effects of these
dopants on piezoelectric (d33), dielectric (er, tand, Td ve TC), and ferroelectric (Ec, Ps ve Pr) properties
were investigated as well as crystal structure and microstructure. Throughout the study, 0.94(Bi, Na, . TiO,)-
0.06(BaTiO,) (BNBT6), 0.80(Bi, Na TiO,)-0.20(Bi, K TiO,) (BNKT20), and 0.854(Bi, Na TiO,)-
0.12(Bi, K .TiO,)-0.026(BaTiO,) (BNKBT12) ceramics were doped with Al’*, La*", Mn’*, and Nb** ions,
which were predicted to show donor and/or acceptor behavior in light of existing literature and scientific
theories. In order to systematically investigate the effects of different doping ions on the electrical properties,
essential dielectric, piezoelectric and ferroelectric measurements were performed as a function of temperature,
voltage, and time. The obtained results from the doping of boron (B*") alone, as well as in combination
with AP¥", La*", Mn*", and Nb°* ions were systematically discussed and evaluated. It was shown that boron
(B,0,) doping, in addition to its well-known effect of lowering the melting point to facilitate sintering in
ceramic and glass materials, also significantly improved the electrical properties by modifying the perovskite
crystal structure and defects chemistry in lead-free piezoelectric ceramics which hold the potential for the
development of next-generation, environmentally friendly smart energy harvesting and storage devices.

Keywords: BNT-BKT-BT, Boron, Dopants, Lead-Free Piezoelectric Materials, Energy Harvesting and Storage
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Development of Eco-Friendly Polypropylene Composites Reinforced with Borate and
Hemp Fibers for Electrical Applications

Ceyda Kulaksiz!, Ebru Gidiil!, Dilara Yiiksel', Bilal Demirel?

'Borsan Kablo Elektrik Aydinlatma AS.
’Erciyes Universitesi

This study aims to develop an environmentally friendly, safe, and locally sourced composite material for use
in the production of power strips in the electrical industry. In the project, borate compounds obtained from
Turkey’s rich natural resources and high-strength lignocellulosic hemp fibers were added to a polypropylene
(PP) matrix, a thermoplastic polymer. As a result, an innovative material formulation with improved
mechanical and thermal strength, as well as enhanced flame-retardant and smoke-suppressing properties, was
achieved. Borate compounds improve safety performance through their low toxicity, high thermal stability,
smoke suppression, and corrosion-inhibiting effects. During combustion, they reduce the number of free
radicals, slow down flame propagation, and form a molten layer on the surface that limits heat transfer, thereby
minimizing fire risk. Hemp fibers, due to their natural structure, high tensile strength, and low density, improve
the strength-to-weight ratio of composites and contribute to thermal and acoustic insulation. The innovative
aspect of the project lies in combining borate and hemp fibers to create a composite material that is both
environmentally and technically superior. Turkey holds 73.2% of the world’s boron reserves, and utilizing
this potential enables the diversification of boron-based materials in industrial applications. Locally produced
hemp fibers offer advantages such as low cost, easy availability, and high sustainability. The synergistic effect
of these two components supports the development of next-generation electrical equipment in line with “green
transformation” and “clean production” goals. The technical objectives of the research include determining
the effects of borate and hemp fiber content on mechanical, thermal, and electrical properties, and identifying
the optimum formulation. In this context, PP/borate/hemp composites with different compositions were
produced, aiming to improve parameters such as tensile, flexural, impact, hardness, thermal conductivity,
corrosion resistance, and flame retardancy. The expected performance outcomes include a 20% reduction in
thermal conductivity and a 30% increase in thermal stability with borate addition, as well as a 20% increase
in tensile strength and a 10% improvement in impact resistance with hemp fiber reinforcement. Economically,
the project aims to reduce imported chemical additives by 10-30% and lower costs through local production.
Consequently, it is expected to increase the market share of eco-friendly power strips by at least 20% and provide
a competitive advantage. Furthermore, replacing imported flame retardants with domestic boron compounds
will promote the use of national resources and reduce chemical dependency. From an environmental perspective,
the project aligns with the European Green Deal principles by reducing dependence on fossil resources and
lowering the carbon footprint. The biodegradable structure of hemp is expected to reduce plastic waste, while
the halogen-free and non-toxic gas-forming properties of boron compounds will minimize environmental
damage after fires. Additionally, a production approach based on local resources supports circular economy
and sustainable manufacturing policies. In the laboratory-scale production process, a twin-screw extrusion
method was used, optimized to ensure uniform fiber distribution and minimize fiber breakage. The prototype
power strip components were subjected to thermal analysis (TGA, DSC), tensile and flexural tests, UL94
flammability tests, and SEM microstructure examinations. The results show that the synergistic effect of
borate and hemp additives in the PP matrix provides significant improvements in both mechanical strength
and flame retardancy. This project is carried out under the leadership of Borsan Elektrik A.S. in partnership
with BC Teknoloji Ltd. Sti., and it is supported by TUBITAK’s SME R&D Initial Support Program (Project
No: 7240224). The technology readiness level (TRL) was initially set at 1, with a target of reaching TRL
5 after environmental validation of the laboratory prototype. In conclusion, the developed PP composite
power strip reinforced with borate and hemp fibers represents a safe and eco-friendly product, combining
flame-retardant and corrosion-resistant properties with a biodegradable, locally sourced structure. This study
expands the application areas of boron-based additives in advanced material technologies, demonstrates the

industrial feasibility of natural fibers like hemp, and contributes scientifically to Turkey’s goals of sustainable
production, circular economy, and green innovation.

Keywords: Biodegradable, Fibrous Composites, Borate Compounds
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Electroactive Vibration Damping Properties of Boron-Containing Substances
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3Makine ve Kimya Endiistrisi Kurumu, Ankara

Electrorheology refers to the study of materials—typically suspensions or colloidal systems—whose
rheological (flow) properties change reversibly and rapidly when subjected to an external electric field. In an
electrorheological (ER) fluid, the application of an electric field induces polarization of the dispersed particles,
leading to the formation of chain-like or columnar structures along the field direction. This microstructural
transformation causes a dramatic increase in apparent viscosity and yield stress, effectively converting the
fluid from a liquid-like to a solid-like state within milliseconds. The key parameters used to characterize ER
behavior include yield stress, field strength, shear rate, dielectric permittivity, relaxation time, and response
time. ER fluids are commonly evaluated through steady shear and oscillatory rheology under varying electric
fields. Due to their fast, reversible, and controllable response, ER materials find application in adaptive
damping systems, clutches, brakes, vibration control devices, actuators, and tactile or haptic interfaces, as
well as emerging uses in smart materials and soft robotics.

In substances, boron usually bonds to electronegative atoms such as oxygen and nitrogen. Besides, many
boron-containing substances have ions in their nature. Hence, they potentially have dielectric permittivity
and electrorheological activity. Here, we report dielectric and electrorheological properties of some boron-
containing minerals and polymer dispersion in silicone oil. Borax, colemanite, zinc borate, boronic acid
polymers, and organoboron-based polyelectrolytes are the materials investigated. When compared with
colemanite and zinc borate, borax exhibits better polarizability under an applied electrical field, resulting in
higher electrorheological performance. Moreover, colemanite exhibited a negative electrorheological effect,
meaning its dispersion viscosity decreased once the electrical field was applied, due to particle migration
to the electrode. However, the addition of a surfactant to the dispersion enhanced the ER activity. For the
dispersions of boronic acid polymer, namely poly(3-aminophenylboronic acid) and poly(thiophene-3-
boronic acid), dielectric analyses revealed that the dispersions did not have enough polarizability for the
desired ER performance. Their polarizabilities were improved by adding Triton-X, a surfactant. When the
organoboron-based polyelectrolytes are compared, it is found that polymeric lithium tartaric acid borate has
better electrorheological activity than polymeric sodium tartaric acid borate. In conclusion, boron derivatives
are good candidates for potential vibration damping applications.

Acknowledgements: We are grateful for the support of this studies to Tiibitak (Projectno: 107T711, 112T811),
Cost Actions (D43, CM1101) and Eti Holding

Keywords: Dielectric, Electrorheology, Vibration Damping
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Investigation of the Tribological Properties of A7075 Matrix Composites Using Taguchi
Analysis
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In this study, the tribological performance of A7075 aluminum matrix composites reinforced with 5% B,C
was investigated using the dry pin-on-disk method in accordance with the ASTM G99 standard. The effect
of three different loads (10, 20, 30 N) and three different sliding speeds (1, 1.5, 2 m/s) on wear behavior
was evaluated at a constant friction distance of 2500 m. Taguchi S/N ratio analysis was used to determine
the relative effects of the parameters and the optimal conditions. The analysis results revealed that the most
effective factor on both mass loss and friction coefficient was the applied load, while the effect of sliding speed
remained secondary. The test results showed that the increasing load increased mass loss in accordance with
Archard’s Law but significantly reduced the average coefficient of friction (COF). This decrease in COF has
been attributed to the protective tribo-film formed by the effects of increased load and surface temperature.
This film reduced metallic contact and lowered friction by creating a solid lubricant effect. However, the
fluctuations observed in the COF curves indicate that this film is not fully stable and continuously forms and
breaks down during wear. The effect of sliding speed was not linear; specifically, under high load (30 N) and
medium speed (1.5 m/s) conditions, the mass loss decreased compared to low speed (1 m/s) (39 mg vs. 33
mg), indicating that the protective layer became more effective under certain conditions. According to the
optimization results, the most suitable values were determined to be 10 N for minimum wear and 30 N for
minimum friction coefficient. The prediction accuracy of the developed statistical models was found to be
high for COF (82.97%) and relatively low for mass loss (35.19%). This indicates that mass loss is strongly
influenced by complex, nonlinear mechanisms such as tribo-film formation and thermal softening.

Effects of wear test parameters (sliding speed and load) on the coefficient of friction (COF) and mass loss
according to the S/N ratio using Taguchi analysis (the smaller is better criterion was used)

Faktorler Seviye 1 | Seviye 2 |Seviye 3 |Delta Sira
Kayma Hizi (m/s) - COF 19,63 18,91 18,36 1,27 2
Yiik (N) - COF 17,2 19,06 20,64 3,44 1
Kayma Hiz1 (m/s) — Kiitle Kayb1 |-28,46 -29.86 -28,43 1,43 2
Yiik (N) — Kiitle Kayb1 -25,25 -30,39 -31,11 5,86 1

The Taguchi S/N (Signal-to-Noise) ratio analysis results presented in the table statistically reveal the order of
importance of factors affecting wear behavior. According to the analysis, the load applied to both the coefficient
of friction (COF) and mass loss has a much more dominant effect than the sliding speed. Specifically, the Delta
value of the load factor for mass loss (5.86) is approximately four times greater than the Delta value of the
speed (1.43). This indicates that the most critical parameter in controlling the tribological performance of
the material is the normal force to which it is subjected, while speed has a secondary effect. According to the
optimization data, the ideal load value to reduce mass loss is 10 N, but to minimize the coefficient of friction,
the opposite is true, with the load being optimal at 30 N. This situation can be explained by Archard’s Wear
Law and the stability of the tribo layer, as high loads create a tribo layer on the surface, resulting in a lower
coefficient of friction (COF), but also increased mass loss.

Keywords: A7075, B,C (Boron Carbide), Hybrid Composite, Wear, Taguchi Method
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Development of Cr-V Layered Boride Coatings on AISI 4140 Steel by Using a Two-Stage
Thermoreactive Diffusion (TRD) Process
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Due to its high strength, toughness, and wear resistance, AISI 4140 steel is widely used in critical parts such
as shafts, gears, fasteners, mold steel, weapon bodies, slide mechanisms, and missile system components in
the automotive, machinery, defense, energy, and oil and gas sectors. However, the surface hardness of this
steel can be limiting in high temperatures, abrasion, and corrosive environments. The aim of this study was
to develop Cr-V layered boride coatings on AISI 4140 steel using a two-stage Thermoactive Diffusion (TRD)
process. In this context, the samples were first subjected to boriding at 1000 °C for 2 hours using the TRD
method after the surfaces were sanded and cleaned with alcohol. In the second stage, the boronized samples
were coated with a mixture of coating powders containing Ferro Cr-V at 900 °C for 2 hours. The obtained
samples were metallographically prepared, and initial examinations with an optical microscope revealed the
formation of a multiphase coating structure with a saw-tooth morphology. The resulting coating layer was
found to be homogeneous and continuous, with an average total coating thickness of approximately 100 um.
Microhardness measurements revealed that the coating, at approximately 1900-2320 HV, was approximately
seven times the hardness of the substrate (300-350 HV). The experimental processes of the study are ongoing
and XRD, EDS, SEM, wear and corrosion tests are planned to be carried out further.

Keywords: Two-Stage TRD, AISI 4140, Layered Coatings, Boriding
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Pilot-Scale Production of Metal Borides With a Special Furnace Design That Prevents
Boron Oxide Loss at High Temperatures
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Pavezyum Kimya aims to design a system for the 100% domestic production of micro-structured TiB, and
ZrB, powders. This study seeks to provide a competitive advantage in the aluminum casting and metallurgy
sectors, increase exports, reduce foreign dependency, and meet the demands of the defense industry. Key
objectives include designing a specialized reactor to prevent boron oxide loss for high-purity production,
implementing an efficient induction furnace for rapid heating and cooling, achieving over 20% improvement
in product yield, optimizing parameters to quadruple capacity, and expanding the use of domestically produced
alternatives to high-priced imported products. Innovative aspects include the first pilot-scale production
systems for TiB, and ZrB, in Tiirkiye, a furnace design capable of reaching 2200 °C rapidly, shock heating
and rapid cooling methods, and a projected 30-40% increase in yield. According to the study results, TiB, and
ZrB, powders have been successfully produced with a purity of over 96% and particle size distribution below
10 microns.

Keywords: Titanium Diboride, Zirconium Diboride, High Temperature Synthesis, Defense Industry
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From Laboratory Synthesis to Industrial Scale-Up: Low-Temperature Production of Metal
Boride Nanoparticles from Metal Chloride and Elemental Boron Precursors
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Istanbul, Tiirkiye

3Sabanct University, Faculty of Engineering and Natural Sciences, Orhanli, Tuzla 34956, Istanbul, T tirkiye
‘Lzmir Institute of Technology, Department of Materials Science and Engineering, 35430 Urla, Izmir, Turkey

In this study, the laboratory-scale synthesis and subsequent industrial adaptation of transition metal
diborides, namely ZrB, and HfB,, known for their outstanding chemical and mechanical properties, were
successfully achieved. A novel synthesis route was developed using metal chlorides and elemental boron
(PavTec boron) as precursors, enabling the formation of high-purity ZrB, and HfB, powders at a remarkably
low temperature of 850°C—significantly lower than most conventional methods reported in the literature.
Unlike multi-step syntheses based on metal oxides and boron oxides, this process requires only a single
reaction step. Considering both the starting materials and the temperature parameters, the method offers

an efficient and economically viable route for boride powder production. The reactions were carried out
under argon flow in a horizontal tube furnace using the “inorganic molten salt technique,” where ZrCl,/
HfCl,~B-Mg mixtures were combined with a LiCI-KClI eutectic flux. Post-reaction, hot-water leaching was
employed to remove residual chlorides, resulting in high-purity powders. After optimizing the synthesis
under laboratory conditions, the process was scaled up to pilot-level production. Industrial-scale experiments
were conducted using a horizontal furnace with a daily feed capacity of 1 kg. Powder mixtures were
pelletized using an industrial powder compaction system, and the pellets were reacted in graphite crucibles
under identical conditions. As a result, the production capacity increased from 2—3 g per batch in the
laboratory to 25-35 g per batch and up to 200-280 g per day during continuous operation under industrial-
scale production conditions. The developed process yielded powders with a purity exceeding 98%, average
particle sizes of 300400 nm, and specific surface areas of 10—11.5 m?/g. The improved purity, reduced
particle size, and enlarged surface area indicate a significant increase in product value, suggesting strong
potential for commercialization and competitive market performance. This work was supported by The
Scientific and Technological Research Council of Turkey (TUBITAK) under Project No. 5210099 within the
1505 University—Industry Collaboration Support Program.

Keywords: Metal Borides, Nanoparticles, Low Temperature Synthesis, Elemental Boron, Industrial Production
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Improving Interfacial Compatibility of h-BN through Dopamine and Silane Sequential
Functionalization
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Hexagonal boron nitride (h-BN) is widely recognized for its high thermal conductivity, chemical stability,
and thermal resilience, making it a promising filler for polymer composites. However, poor interfacial
compatibility often leads to particle agglomeration, limiting the performance of h-BN-reinforced composites.
To overcome this intrinsic incompatibility between h-BN and polymer matrices, surface functionalization
has become a crucial strategy to tailor the filler—matrix interface and enhance dispersion stability. In this
study, three surface modification strategies were developed to improve the dispersion and polymer-filler
interaction: dopamine coating (DC), dopamine on silane coating (DSC), and silane on dopamine coating
(SDC). The coating processes involved sequential dopamine polymerization and silane coupling reactions
conducted under controlled pH and temperature conditions. Dopamine treatment was performed in Tris
buffer at pH 8.5 to form a uniform polydopamine layer on the h-BN surface, whereas silanization using
3-glycidoxypropyltrimethoxysilane was carried out in an ethanol-water medium at 70-75 °C to establish
covalent bonding between the functional groups and the substrate. The resulting h-BN powders were dried
under vacuum and subsequently characterized to verify the effectiveness of the surface modification process.
FT-IR confirmed the successful surface functionalization through the appearance of dopamine- and silane-
related bands, while SEM/EDS revealed distinct morphological features and uniform elemental distribution.
TGA analysis demonstrated improved thermal stability of the coated particles, particularly in the DSC sample,
indicating the formation of a robust and thermally stable surface structure.

Keywords: Boron Nitride, Surface Modification, Dopamine, Silane
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Improvement of Superconducting Properties in Multifilament MgB, Wires Produced by
Cu-Coated IMD Process
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Magnesium diboride (MgB,), with a superconducting transition temperature near 39 K, offers an exceptional
balance of performance, material availability, and cost efficiency, positioning it as a competitive candidate
for practical superconducting applications operating in the intermediate cryogenic temperature range. In
recent years, the Internal Magnesium Diffusion (IMD) method has emerged as a superior fabrication method
compared to conventional Powder-in-Tube (PIT) processing, primarily due to its capability to form a dense
superconducting matrix with enhanced grain connectivity and high transport critical current density (Jc).
Moreover, recent studies on multifilament MgB, wires have shown that splitting the superconducting core
into several fine filaments helps improve stability and current performance in real systems. In this study
seven-filament MgB, wires were fabricated through the IMD method using C-coated boron powder with
two precursors: (1) pure magnesium rods and (ii) copper-coated magnesium rods. The aim is to improve
the superconducting performance of IMD-processed multifilament wires by promoting efficient magnesium
diffusion and refined microstructural evolution through Cu activation. Microstructural and characteristics
were examined via Scanning Electron Microscopy (SEM) and optical microscopy, while superconducting
performance was assessed through transport Jc measurements under magnetic fields and Temperature-
dependent Resistivity (R-T) analyses to determine the onset of superconductivity. The use of Cu-coated Mg
precursors resulted in a more uniform filament structure and improved grain connectivity, yielding higher Jc
values at 10 T. Resistivity analysis further indicated that Cu promotes more efficient diffusion and a sharper
superconducting transition. These findings demonstrate the promise of Cu-assisted IMD processing for
advancing multifilament MgB, conductors, while emphasizing the need for further quantitative studies on
underlying diffusion and reaction mechanisms. This work has been supported by TUBITAK and Chinese
Academy of Sciences (CAS) via Bilateral Cooperation under contract No: 123N624

Keywords: MgB, Multifilament Wires, Critical Current Density, Amorphous Boron Powder
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Thermochemically Borided Using A Novel Paste Composition
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The boriding process is a surface hardening treatment carried out to improve the tribological and corrosion
properties of ferrous or non-ferrous materials by forming a hard boride layer on the surface. For ferrous
materials, the resulting boride layer typically exhibits a saw-tooth microstructure with a thickness of 75-200
um from the surface toward the core, a hardness of 1700-2300 HV, and a single-phase (Fe,B) or dual-phase
(Fe,B + FeB) constitution, depending on the substrate and coating conditions. The boriding process has a
wide range of industrial applications, from automotive transmissions to excavation equipment used in the
petrochemical industry. In this study, AISI 1018 low-carbon steel was borided at 1000 °C for 4 hours using
a novel in-house-formulated low-porosity boriding paste that adheres well to substrate and more importantly
can be removed easily after the treatment. The formation of single-phase (Fe,B) and dual-phase (Fe,B +
FeB) structures was achieved through compositional adjustment. The obtained dual-phase structures were
converted into a single-phase structure by an additional annealing treatment at 1000 °C for 4 hours under a
protective atmosphere. After the boriding treatment, comprehensive characterization was carried out. Phase
analysis was performed using X-ray diffraction (XRD), mechanical properties were evaluated via micro- and
nano-hardness measurements, and the resulting microstructure was examined using field emission scanning
electron microscopy (FE-SEM) and optical microscopy. Microscopic examinations revealed that the total layer
thicknesses were approximately 200 um, 264 um and 325 pum for the single-phase, dual-phase and diffusion-
annealed samples respectively. The untreated steel exhibited a hardness of approximately 261 Vickers, whereas
the borided samples showed average hardness values of 1908 HV, 1926 HV and 2123 HV for the single-phase,
dual-phase and diffusion-annealed samples respectively. Furthermore, tribological properties such as wear and
friction were evaluated. Tribological tests were performed in reciprocating mode using 6 mm diameter Al O,
balls under a load of 20 N and a sliding distance of 500 m. The coefficients of friction for the untreated, dual-
phase, single-phase, and diffusion-annealed samples were measured to be approximately 0.55, 0.58, 0.60, and
0.65 respectively.

Keywords: Termochemical Boriding, Boriding, Paste Boriding
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Electroless nickel-boron (Ni—-B) coatings, which are deposited via an autocatalytic chemical reduction process,
exhibit high hardness, self-lubricating properties, low friction, wear resistance, corrosion protection, and
thermal stability. Owing to these advantages, components coated with the electroless Ni-B method are widely
utilized in the defense, automotive, energy, and aerospace industries [1,2]. In this study, the electroless Ni-B
coating reduced by sodium borohydride was applied to specimens fabricated from DIN 14NiCrl4 (1.5732)
case-hardening steel—commonly used in high-load mechanical components such as bolt mechanisms in
defense applications—to enhance their high-temperature tribological performance. After being ground and
polished to achieve a mirror-like finish, the specimens underwent alkaline degreasing in a hot NaOH solution
to remove residual organic contaminants and oils, followed by acid pickling in dilute HCl and H,SO, for
micro-etching and oxide removal to promote surface activation. The electroless Ni—B bath was prepared in
deionized water under continuous stirring by sequentially adding nickel chloride hexahydrate (NiCl,-6H,0,
nickel source), ethylenediamine (C,HN,, complexing agent), sodium hydroxide (NaOH, pH regulator),
lead (II) nitrate (Pb(NO,),, stabilizer), and sodium borohydride (NaBH,, reducing agent). The coating was
performed at 90 = 1 °C with magnetic stirring at 135 rpm for 1 hour in the plating bath to ensure uniform
mixing and coating homogeneity. The as-deposited Ni—B samples were heated to 350 °C at 5 °C/min under
an inert argon atmosphere, held isothermally for 1 hour at this temperature, followed by furnace cooling to
room temperature. The coating microstructure and phases were characterized by FE-SEM and XRD. Hardness
and elastic modulus were measured by nanoindentation equipped with a Berkovich diamond indenter. To
evaluate delamination and crack-propagation characteristics of the deposited layer, the Rockwell-C test was
implemented. Ball-on-disc dry sliding tribometer tests were conducted at RT, 300, and 500 °C to assess the
wear performance of the coated samples, using an alumina ball as the counterbody. As a result of this study,
heat treatment at 350 °C for 1 hour transformed the as-deposited amorphous/nanocrystalline Ni-B structure
into crystalline hard nickel-boride phases, improving wear resistance, hardness, and friction coefficient
compared to the substrate. The width of the wear track was measured and analyzed. The decrease in the
friction coefficient at elevated temperatures can be attributed to borate-rich tribofilm layers formed by the
reaction of boron in the coating with ambient oxygen and moisture [3].

References: [1] Mallory, G. O., & Hajdu, J. B. (Eds.). (1990). Electroless plating: fundamentals and
applications. Cambridge University Press.[2] Chintada, V. B., Gurugubelli, T. R., Tamtam, M. R., &
Koutavarapu, R. (2023). Advancements in nickel-phosphate/boron-based electroless composite coatings:
a comprehensive review of mechanical properties and recent developments. Materials, 16(18), 6116. [3]
Mukhopadhyay, A., Barman, T. K., & Sahoo, P. (2019). Friction and wear performance of electroless Ni-B
coatings at different operating temperatures. Silicon, 11(2), 721-731.

Keywords: Nickel-Boron Coating, Electroless, Tribology, 14NiCr14 Steel, High Temperature
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Nanostructured quaternary transition metal carbonitride coatings have attracted considerable attention
owing to their superior mechanical and tribological performance compared with conventional binary and
ternary counterparts. Among them, boron-incorporated chromium carbonitride (CrBCN) coatings show great
promise for high-demand applications due to their enhanced hardness, wear, and oxidation resistance [1,2].
In this study, CrBCN coatings were deposited using a hybrid physical vapor deposition (PVD) process that
combined cathodic arc evaporation (Cr target) and magnetron sputtering (B,C target). A Cr/CrN interlayer was
introduced to improve adhesion and mitigate residual stresses, while the hybrid configuration was designed
to enhance hardness and wear resistance through simultaneous incorporation of Cr, B, C, and N species.
The effects of substrate bias voltage (—100 V and —150 V) and Ar/N, gas ratio (50/50% and 80/20%) on the
microstructural and mechanical properties were systematically investigated, while keeping other deposition
parameters constant, including magnetron power, cathodic arc current, process temperature, process pressure,
and substrate rotating speed. Cross-sectional FE-SEM revealed a dense coating with total coating thicknesses
ranging from 900 nm to 1.2 um. Nanoindentation results showed a pronounced increase in hardness with
higher bias voltage at a 50/50% gas ratio, reaching a maximum hardness of 29.2 + 3.5 GPa at =150 V. At an
80/20% ratio, however, the hardness values remained nearly constant, suggesting a compositional stabilization
effect at lower nitrogen contents, as also supported by XPS results showing reduced nitrogen incorporation at
this gas ratio. A reciprocating wear test was performed to investigate the tribological behavior of the coatings
deposited under different conditions. These findings demonstrate that controlling the bias voltage and gas
composition in hybrid PVD processes is an effective strategy to tailor the structure and improve the mechanical
and tribological performance of CrBCN coatings for advanced engineering applications.

References: [1] Zhang, M., Jiang, J., Houska, J., Kohout, J., Vi¢ek, J., & Meletis, E. I. (2014). A study of the
microstructure evolution of hard Zr—-B—C—N films by high-resolution transmission electron microscopy. Acta
materialia, 77, 212-222. [2] Zhou, F., Ma, Q., Wang, Q., Zhou, Z., & Li, L. K. Y. (2017). Electrochemical
and tribological properties of CrBCN coatings with various B concentrations in artificial seawater. Tribology
International, 116, 19-25.
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The integration of electronic devices into a wide range of applications—from everyday appliances to industrial
systems—has grown rapidly, increasing the demand for effective thermal management to enhance device
performance, efficiency, and longevity. Exfoliated hexagonal boron nitride nanosheets (h-BNNS), with their
excellent thermal conductivity and electrical insulation, offer a promising solution. In this study, h-BNNS
were incorporated as fillers into a polylactic acid (PLA) matrix to form nanocomposites suitable for 3D
printing. A composite filament was first prepared and then used to fabricate heat sinks and LED bulb holders
via 3D printing. The addition of 40 vol. % h-BNNS led to a 400% increase in the thermal conductivity of
PLA. These composites demonstrated heat dissipation performance comparable to commercial aluminum heat
sinks and exhibited a 220% improvement over neat PLA. Furthermore, the 3D-printed h-BNNS/PLA LED
holders dissipated excess heat more effectively than commercially available counterparts. Overall, the results
demonstrate that h-BNNS/PLA nanocomposites hold strong potential for thermal management in electronic
applications.

Keywords: 3D Printing, Nanocomposite Filament, Thermal Management, Hexagonal Boron Nitride
Nanosheets, Polylactic Acid
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Borates in Wood Protection and Pest Control

Jeff Llyod!

Nisus Corporation

Borates are one of the safest and most cost-effective preservatives and are extensively used in wood protection,
termite and pest control around the world. In the USA they are used by traditional vacuum pressure, diffusion
processes and topical treatments to protect sill plates and framing lumber in construction. They are used for
the protection of railway ties during seasoning (protecting half their strength) and in use, after over treatment
with copper naphthenate or creosote and are the leading preservative used for composites, especially for
exterior siding. They are also used in many insect baits where they have both non-target and non-resistance
benefits. Recent successes, potential issues and the importance of formulation will be reviewed, as well as new
opportunities to grow borate applications that have yet to be tapped.

Keywords: Wood, Impregnation, Termite and Pest Control
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Encapsulation of Railway Sleepers Treated with Copper Boron

William Abbott!

!Coppercare.com

Treating unseasoned wood railway sleepers (crossties) with osmotic copper borate salts. After dip-treating
in the viscous sodium borate solution the ties are encapsulated in layers of polymer film shrink tubes. The
encapsulation is permanently installed into track with the sleeper. The wood sleeper remains at high moisture
content it’s entire service life, greatly reducing seasoning defects and greatly extending defusion of the osmotic
salts. Leaching of the copper boron is controlled by the encapsulating polymer films.

Keywords: Boron, Crossties, Sleeper, Leaching, Encapsulation
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Melamin-formaldehit Tutkalina Bor Katkisinin Kontrplak Levhalarda Performans
Uzerine Etkisi

Ebru Karagay', Ebru Firat', Bilge Aslan Tanriverdi', Recai Arslan?, Ayhan Tozluoglu®

'Eti Maden Isletmeleri Genel Miidiirliigii Teknoloji Gelistirme Dairesi Baskanlig
’Diizce Universitesi Tarimsal Atiklarin Endiistriyel Geri Kazanimi Uygulama ve Arastirma Merkezi
3Diizce Universitesi Orman Fakiiltesi

Ahsap esasli levhalar, mobilya ve yap1 sektorlerinde yaygin olarak kullanilan kompozit malzemelerdir. Bu
levhalarda baglayici olarak genellikle iire-formaldehit (UF) ve melamin-formaldehit (MF) tutkallar1 tercih
edilmektedir. Ancak formaldehitin ugucu organik bilesikler arasinda yer almasi, hem insan sagligi hem de
cevre acisindan onemli riskler olusturmakta ve bu durum diisiik formaldehit emisyonlu tutkallara yonelik
caligmalar tegvik etmektedir. Formaldehit emisyonunun azaltilmasi siirecinde levhalarin fiziksel ve mekanik
ozelliklerinin korunmasi biiyiikk 6nem tagimaktadir. Bu calismada, bor bilesiklerinin melamin-formaldehit
tutkalinin sentez asamasinda kullaniminin tutkal 6zellikleri ve kontrplak levha performansi iizerindeki etkileri
arastirilmistir. Sentezde borik asit (BA), boraks pentahidrat (BPH) ve boraks dekahidrat (BDH) bilesikleri
kullanilmus; elde edilen tutkallar kontrplak iiretiminde degerlendirilmistir. Uretilen levhalarda fiziksel (rutubet
miktari, yogunluk, kalinliga sisme, su alma), mekanik (egilme direnci, elastikiyet modiilii, yapisma direnci) ve
formaldehit emisyonu testleri gerceklestirilmistir. Sonuglar, bor bilesiklerinin formaldehit emisyonunu 6nemli
Olciide azalttigin1 ve ozellikle boraks pentahidrat (BPH) ilavesinin emisyonu en etkin bi¢cimde diisiiriirken
levhalarin fiziksel ve mekanik 6zelliklerinde kayda deger bir azalmaya yol agmadigin1 gostermistir. Elde
edilen bulgular, bor bilesiklerinin melamin-formaldehit tutkallarinin sentezinde c¢evre dostu modifikasyon
ajani olarak degerlendirilebilecegini ortaya koymaktadir.

Anahtar Kelimeler: Bor, Ahsap, Melamin-Formaldehit, Yap1 Malzemeleri
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Yangina Dayamkh Bor Katkih MDF Uretimi

Mehmet Erel', Kader Tekintas!, Cigdem Akga'

'Camsan Ordu Agag¢ San. Tic. A.S.

Ahsap esasli kompozit paneller, 6zellikle orta yogunlukta lif levhalar (MDF), yiiksek yiizey kalitesi,
islenebilirlik, homojen yap1 ve g¢evre dostu Ozellikleri sayesinde mobilya, i¢ mekan tasarimi ve ingaat
sektorlerinde yaygin olarak tercih edilmektedir. Ancak bu malzemelerin en 6nemli sinirlayici 6zelligi, yanma
egilimlerinin yiiksek olmasi ve yangin sirasinda hizla tutugarak yapisal biitiinliiglinii kaybetmeleridir. Yangin
giivenligi, 6zellikle yap1t malzemelerinde siirdiiriilebilirlik ve insan giivenligi agisindan giderek daha kritik bir
hale gelmistir. Bu baglamda yapilan arastirmalar, MDF gibi lignoseliilozik temelli malzemelerin yaniciligini
azaltmak icin cesitli alev geciktirici katki1 maddelerinin iiretim siirecine dahil edilmesinin etkili bir yontem
oldugunu gostermektedir. Bu ¢alismada, MDF iiretiminde bor bilesiklerinin yangimna dayanim iizerindeki
etkileri kapsamli bicimde incelenmistir. Ozellikle boraks pentahidrat (Na,B,0,-5H,0), borik asit (H;BO,),
¢inko borat (2Zn0O-3B,0;-3.5H,0) ve iileksit (NaCaB;O4-8H,0) katkilarinin farkli oranlarda kullanimiyla
iiretilen MDF numunelerinin fiziksel, mekanik ve termal 6zellikleri degerlendirilmistir. Bor bilesiklerinin lif
yapist, regine polimerizasyonu ve panel i¢i 1s1 transferi tizerindeki etkileri, liretim siirecinde olusan kimyasal
ve fiziksel etkilesimler a¢isindan analiz edilmistir. Calismanin sonucunda, bor katkili MDF {iretiminin yangina
dayanikli, gevre dostu ve ekonomik olarak uygulanabilir bir alternatif olusturdugu ortaya konulmustur. Ozellikle
borik asit gibi yerli bor minerallerinin kullaniminin, Tirkiye’nin dogal kaynaklarini katma degerli iiriinlere
doniistiirmesi agisindan stratejik onem tasidigi degerlendirilmektedir. Bu kapsamda, bor bilesiklerinin uygun
kombinasyonlarla ve kontrollii oranlarda MDF {iretimine entegre edilmesi, hem malzeme giivenligini artirmakta
hem de siirdiiriilebilir iiretim anlayisin1 desteklemektedir. Deneysel bulgular, bor katkili MDF levhalarin
alev ilerleme hizin1 diisiirdiigiinii, karbonizasyon tabakasi olugturarak 1s1 transferini sinirlandirdigini ve tek
alev kaynag (testlerinde belirgin bi¢imde daha iyi performans sergiledigini gostermistir. Bor bilesiklerinin
lif-regine etkilesimi sonucu, ¢ekme ve egilme dayanimlarinda sinirh diisiisler gézlemlenmistir. Ancak bu
diistisler, tiretim siirecinde lire-formaldehit tutkal oraninin optimize edilmesiyle basariyla dengelenmistir.
%8-10 araliginda yapilan tutkal artisi, lifler arasi kohezyonu gii¢clendirerek levhanin mekanik dayanimin
yeniden standarda tasimigtir. Bu sayede hem yangina dayaniklilig: yiiksek hem de kalite parametreleri TS EN
622-5 standardi ile uyumlu MDF levhalar elde edilmistir. Calismanin en 6nemli ¢iktilarindan biri, laboratuvar
olceginde gelistirilen recetenin endiistriyel {iretim hattinda basariyla uygulanmis olmasidir. Uretilen levhalar,
akredite laboratuvarda yangina tepsi sinift i¢in teste tabi tutulmus ve MDF igin en iist sinif olan BI, sl,
dO smifi yangin dayanim sinifi ile belgelenmistir. Bu sonug, gelistirilen kompozisyonun yalnizca arastirma
asamasinda degil, endiistriyel 6l¢ekte dogrulanmas, sertifikali bir iirlin haline geldigini kanitlamaktadir. Sonug
olarak, optimize edilmis bor katki oranlar1 ve tutkal modifikasyonu sayesinde yangina kars1 yiiksek direngli,
mekanik olarak kararli ve ¢cevre dostu MDF levhalar elde edilmistir. Bu basari, hem malzeme giivenligi hem
de yerli hammadde kaynaklarinin katma degerli kullanimin1 destekleyen siirdiiriilebilir bir liretim yaklagiminm
temsil etmektedir.

Anahtar Kelimeler: MDF, Bor Bilesikleri, Siirdiiriilebilir Malzeme, Alev Geciktirici, Yangina Dayanim
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Tinkal ve Boraks Pentahidrat ile Modifiye Edilmis Poliiiretan Kopiiklerin Performansinin
Incelenmesi

Seren Bakirdoven!, Sinem Tumiik', Erdem Delil!, Emrah Yilmaz?

!Teknopanel Cati ve Cephe Panelleri Uretim San. ve Tic. A.S.
’Diizce Universitesi

Poliiiretan koptikler; 1s1, ses ve nem yalitimi gibi {istiin 6zellikleri sayesinde insaat, otomotiv, beyaz esya ve
mobilya sektorlerinde yaygin olarak kullanilmaktadir. Hafif yapisi, yliksek enerji emme kapasitesi ve diisiik
1s1 iletkenligi nedeniyle sandvi¢ panel sistemlerinde tercih edilmektedir. Ancak, bu malzemelerin mekanik
dayanim ve gevresel siirdiiriilebilirlik acisindan gelistirilmesi gerekmektedir. Bor mineralleri, yiiksek 1sil
kararlilik, alev geciktiricilik ve kimyasal direng kazandirma 6zellikleriyle polimer matrislerin performansini
artiran c¢evre dostu katki maddeleri olarak one ¢ikmaktadir. Bu c¢alismada, sandvi¢ panellerin ¢ekirdek
malzemesi olarak kullanilan poliiiretan kopiiklerin mekanik ve fiziksel 6zelliklerinin gelistirilmesi amaciyla,
farkli oranlarda bor minerali katkilariin etkisi incelenmistir. Bu kapsamda, politiretan matrisine agirlik¢a %1,
%?2 ve %3 oranlarinda tinkal ve boraks pentahidrat ilave edilmistir. Elde edilen numuneler {izerinde yapilan
deneysel calismalar sonucunda, %2 tinkal katkisinin poliliretan kopiigiin cekme dayanimini yaklasik %20
oraninda artirdig1, buna karsilik yogunlugunu %24 oraninda azalttig1 belirlenmistir. Diger yandan, poliiiretan
icerisine %1 boraks pentahidrat ilavesinin cekme dayaniminda %14 artisa, yogunlukta ise %5 azalmaya neden
oldugu tespit edilmistir. Sonuglar, bor tlirevlerinin poliliretan yapisina entegrasyonunun kopiik malzemenin
hafifligini korurken mekanik dayanimini iyilestirebilecegini gostermektedir. Bu bulgular, bor mineralleriyle
modifiye edilmis poliliretan kopiiklerin, yiiksek performansl ve siirdiiriilebilir kompozit panel uygulamalari
icin potansiyel tagidigini ortaya koymaktadir.

Anahtar Kelimeler: Poliiiretan, Tinkal, Boraks Pentahidrat, Sandvi¢ Panel, Mekanik Dayanim
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Effect of scale on ZnB synthesis for wood coating

Claudia Ibanez', Emily Fernandez!

!Universidad de la Republica

Zinc, boron and zinc borate are waterborne wood preservatives based on inorganic compounds which have
shown effectiveness against both abiotic and biotic degradation agents. Zinc borate (ZnB) is widely used
in compounds, and can be used as part of coatings. In a previous study, zinc borate was synthesized on a
laboratory scale and mixed with an acrylate based waterborne resin, and with an alkalyd resin, which were
compared in their effectiveness as coatings on eucalyptus grandis and pinus taeda wood. In this study, the
ZnB synthesis was carried out under the same conditions (temperature, stirring rate, time...) but on a larger,
pilot scale, on a multiphase reactor. Since the formation of tetrahedral (BO,) and trigonal (BO,) units, and the
different arrangements that originate polyborates highly depend on the conditions of the reaction, the change
in scale could result in different chemical species with differing biocidal activity. The laboratory scale ZnB
was compared with the pilot scale ZnB using X-ray powder diffraction and through their antifungal activity
against stain fungi (Fusarium sp and Aspergillus niger) and rot fungi (Gloeophyllum trabeum and Trametes
versicolor). The results show the difference to be minimal, although the antifungal capacity was indeed slightly
lower for the pilot scale. This finding underscores the importance of carefully optimizing synthesis conditions
to maintain the protective properties of zinc borate in practical applications

Keywords: Wood Protection, Scale-up, Zinc Borate
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Akrilonitril-Biitadien-Strien Terpolimerine Cinko Borat ve Kirmiz1 Fosfor Sinerjik Etkisi
Sayesinde Yanmaya Kars1 Dayanim Kazandirilmasi

Kiibra Hilal Calis', Volkan Murat Yilmaz', Umit Tayfun®

!Bartin Universitesi
’Inovasens Ltd.

Akrilonitril-biitadien-stiren kopolimeri (ABS) giinliik hayatimizda ¢esitli uygulamalar saglamaktadir. Baglica
uygulamalar spor malzemeleri, kasklar, ev aletleri, telefon santral panelleri, elektronik ekipmanlardir. Ayrica
ABS, piiriizsiiz ylizeyi sayesinde otomotiv sektoriinde de genis bir kullanim alani bulmustur [1-5]. Son yillarda
ABS, 3D baski teknolojisi alaninda polimerik monofilament kullanimiyla popiilerlik kazanmistir. Eriyik
karistirma, endiistriyel 6lcekte en ¢ok tercih edilen liretim yontemidir ve temel olarak 3D baski uygulamalariyla
benzer isleme parametreleri saglar. ABS ve kompozitlerinin reolojik parametreleri, katki maddesi iiretim
uygulamalari i¢in dnemli bir rol oynar. ABS nin eriyik akis davranisi, 3D baskili {iriiniin istenilen seviyelerde
iiretilmesini etkiler [6-8]. ABS’nin kayma incelmesi ve viskozite dzellikleri, enjeksiyon kaliplama, sikistirma
kaliplama ve 3D baski dahil olmak {izere ¢esitli isleme teknikleri i¢in viskozite kontroliinii daha kolay ve daha
esnek hale getirir [9]. ABS ve kompozitlerinin 6zelliklerinin incelenmesine dayanan arastirma konularimin
say1s1 son on yilda énemli 6lglide artmistir. Tiim avantajlarinin yaninda ABS, polimerler arasinda en koti
alev geciktirici 6zellige sahip olan malzemedir. Bu nedenle, literatiir aragtirmasina gore birka¢ ¢alismada
cinko borat, ABS bazli kompozitler icin alev geciktirici katki maddesi olarak kullanilmistir [10,11,12].
Onceki ¢alismalarda, cesitli polimerlerde kirmiz1 fosfor (KF) ile mineral bazli alev geciktiriciler arasindaki
etkilesim arastirilmistir. Bu ¢calismalarda, Kirmiz1 fosfor, ABS iizerinde yeni bir sisen-biiziilen alev geciktirici
sistem olusturmak i¢in ikinci asit kaynagi olarak islev sergilemistir [13]. Cinko borat (CB) ve kirmiz1 fosfor
kombinasyonu ABS kopolimeri i¢in daha 6nce denememistir. Bu agidan ¢aligma 6zgiin bir degere sahiptir. Bu
caligmada, ABS kopolimerine degisik oranlarda CB ve KF yiiklemeleri laboratuvar 6lgekli ¢ift vidali ekstruder
kullanilarak yapilarak kompozitler hazirlanmistir. Kompozit numunelerin 1sisal dayanim karakterizasyonu
icin 1s1sal gravimetrik analiz (TGA), ¢cekme dayanim, darbe direnci ve shore sertlik testlerini igeren mekanik
karakterizasyonlar, taramali elektron mikroskopu (SEM) ile morfolojik yap1 incelenmesi, eriyik akis hizlar
Olctimleri, UL yatay-dikey yakma ve Sinirlayici oksijen indisi (LOI) testleri kullanilarak alev alma 6zellikleri
ve konik kalorimetre ile yanmazlik analizleri ger¢eklestirilmistir.

References: [1] McKetta JJ, Cunningham WA. Encyclopedia of chemical processing and design. New York:
M. Dekker; 1992. [2] Aggarwal SL. Block polymers. New York: Springer; 1970. [3] Moore JD. Acrylonitrile—
butadiene—styrene (ABS)-a review. Composites. 1973;4:118-30. [4] Kline GM. Modern plastic encyclopedia.
New York: McGraw Hill; 1986. [5] Pritchard G. Plastics additives. Dordrecht: Springer; 1998. [6] Rodriguez
JF, Thomas JP, Renaud JE. Mechanical behavior of acrylonitrile butadiene styrene (ABS) fused deposition
materials experimental investigation. Rapid Prototyp J. 2011;7(3):148-58. [7] Alhallak LM, Tirkes S, Tayfun
U. Mechanical, thermal, melt-flow and morphological characterizations of bentonite-filled ABS copolymer.
Rapid Prototyp J. 2020;26(7):1305-12. [8] Vicente CM, Martins TS, Leite M, Ribeiro A, Reis L. Influence
of fused deposition modeling parameters on the mechanical properties of ABS parts. Polym Adv Technol.
2020;31(3):501-7. [9] Cirmad, H., Tirkes, S. & Tayfun, U. Evaluation of flammability, thermal stability and
mechanical behavior of expandable graphite-reinforced acrylonitrile-butadiene—styrene terpolymer. J Therm
Anal Calorim 147, 2229-2237 (2022). [10] Bee, S. T., Sin, L. T., Ch’ng, B. S., Ratnam, C. T., & Rahmat, A.
R. (2018). Electron beam irradiation of zinc borate flame retardant containing acrylonite-butadiene-styrene
(ABS) composites. Journal of Polymer Research, 25, 1-16. [11] Chen, X., Sun, T., & Cai, X. (2014). The
investigation of intumescent flame-retarded ABS using zinc borate as synergist. Journal of Thermal Analysis
and Calorimetry, 115, 185-191. [12] Yildiz, C., Seki, Y., Kizilkan, E., Sarikanat, M., & Altay, L. (2023).
Development of Halogen- Free Flame Retardant Acrylonitrile Butadiene Styrene (ABS) Based Composite
Materials. Chemistryselect, 8(41), €202300989. [13] Yin, H. Q., Yuan, D. D., & Cai, X. F. (2013). Red
phosphorus acts as second acid source to form a novel intumescent-contractive flame-retardant system on
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Cinko Borat-Kirmiz1 Fosfor Kombinasyonu ile Yanmazlik Ozelligine Sahip ABS Esasli Kompozitlerin
Uretimi
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Contributing to Zero Waste and Energy Efficiency: The Potential of Boron Waste as a
Sustainable Sound Insulation Material

Zuhal C')zgetin1

'Usak Universitesi

Increasing noise pollution and demand for sustainable materials are making the reevaluation of industrial
waste increasingly critical. Due to Tirkiye’s significant boron reserves and the associated mining waste, it
is crucial to evaluate the environmental and economic impact of these waste materials. This study aimed to
assess the potential of boron waste for use in building acoustics. The acoustic performance of boron waste
samples obtained from the Eti Maden-Emet facilities was examined using the impedance tube method, in
accordance with the TS EN ISO 10534-2 standard. Sound transmission loss (TL) values were measured to
determine the material’s sound insulation performance. The results of the experiments showed that boron
waste could be an effective insulating material, particularly at medium and high frequencies. TL values were
measured between 15 dB and 37 dB for frequencies above 1000 Hz. This performance is comparable to that
of some alternative materials, such as cellulose-based panels and polyurethane foam. Boron waste exhibits
sound-blocking capabilities due to its low density and porous structure. Using boron waste offers important
advantages in terms of low-cost local sourcing and environmental sustainability. However, the material alone
cannot meet the acoustic performance limits specified in building acoustics regulations (C class > 52 dB).
Therefore, to improve its performance and offset its weakness at low frequencies, it is recommended that it be
combined with composite systems containing fibrous support materials or hydrophobic binders. Taking into
account the other advantages of boron waste, such as fire resistance and chemical stability, it is predicted to be
strategically valuable in the development of energy-efficient, multifunctional building materials.

Keywords: Boron Waste, Sound Insulation, Sustainability, Building Acoustics, Energy Conversion
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Development of Sustainable Boron-Enriched Cement-Free Composite Panels for Neutron
Shielding Applications

Kaya Berk Livdumlu', Cagla Meral Akgiil', Bilge Demirkoz!

'Middle East Technical University

The increasing demand for sustainable and radiation-resistant construction materials has led to growing
interest in boron-based systems due to boron’s high neutron absorption capability. This study focuses

on the development of cement-free composite binders activated through alkali-carbonate systems and
enriched with boron mine wastewater (BMWW) obtained from Tiirkiye’s major boron processing facilities.
Conducted within the framework of the TUBITAK-NREF bilateral project, the research aims to establish

an innovative pathway for utilizing boron-rich industrial by-products as key functional components in
next-generation shielding materials. The main objective is to transform these waste-derived resources

into low-cost, environmentally friendly composites suitable for neutron shielding in nuclear, defense, and
energy infrastructures. A comprehensive experimental plan has been designed to investigate the influence
of boron incorporation and alkali activation chemistry on the reaction mechanisms, structural integrity,

and stability of the composites. The ongoing work emphasizes formulation optimization and durability
evaluation to ensure long-term performance. This study highlights the feasibility of reusing boron-containing
waste streams in advanced construction materials, contributing to waste valorization, sustainable material
innovation, and national material security objectives.

Keywords: Boron Mine Wastewater, Cement-Free Composites, Neutron Shielding, Alkali Activation,
Sustainability

18 BORON 2025



®
14 3-5 December 2025
Eti Maden Bor Campus,
Ankara, Turkiye

International
@ Boron Symposium

BORON FOR HEALTH and BIOTECHNOLOGY
(SAGLIK ve BIYOTEKNOLOJIDE BOR)

BORON 2025 119



®
14 3-5 December 2025
Eti Maden Bor Campus,
Ankara, Tarkiye

International
@ Boron Symposium

Boron Clusters as Newly Emerging 3D Platform for Design of Specific Inhibitors of
Pharmaceutically Relevant Enzymes

Bohumir Griiner', Josef Holub'!, Jan Nekvinda'!, Suzan El Anwar', Michael Kugler’, Marian Hajdtch?, Jana
Pokorna?®, Jan Konvalinka®, Jifi Brynda®

!Institute of Inorganic Chemistry, CAS
2Institute of Molecular and Translational Medicine, Olomouc, Czech Republic
3Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Czech Republic

This contribution gives an overview over the boron cluster compounds and their emerging potential as
unconventional 3D pharmacophores in drug design. In particular, our original results are presented that cover
successful synthesis of specific inhibitors designed for two different types of medicinal targets. We have
previously identified metallacarboranes as a promising class of inhibitors of viral HIV protease (HIV-PR)
enzyme [1]. More recently our focus has been re directed to Carbonic Anhydrase IX CA-IX, which is an
enzyme associated with solid hypoxic tumors and belongs currently to validated targets for cancer therapy and
diagnostics. The scope of currently available site-directed modifications on various boron cages is critically
discussed, with an emphasis on the progress in the synthesis of carboranes and metallacarboranes substituted
by sulfamide, sulfonamide and other similar groups, i.e. functions known to bind tightly to the zinc atom in the
active site of CA-IX. The new series of boron-cluster inhibitors of CA-IX, based on optimized substitutions,
exhibit significantly enhanced in vitro activities with corresponding Ki values in low nanomolar or even
picomolar range [2-4]. The structure-activity relationship (SAR) observed within a small library of ca. 80
substituted carboranes and metallacarboranes is discussed. A rationale for observed activity and selectivity
trends is supported by high resolution synchrotron structures of the enzyme-inhibitor complexes from both
families of compounds. The results are complemented with preclinical evaluation of selected compounds
that revealed favourable pharmacokinetic properties and ability to reduce tumour growth. Due to promising
inhibitory properties, these boron species may also offer a reasonably high potential for future use in cancer
diagnostics and combination treatment with BNCT.

Acknowledgements: Project No. 2516216S awarded by Czech Science Foundation.
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Matéjkova, A. Nova, B. Liskova, S. Gurska, P. Dzubak, M. Hajdiich and P. Rezacova, J. Med. Chem., 2019,
62, 9560-9575. [4] M. Kugler, J. Nekvinda, J. Holub, S. El Anwar, V. Das, V. Sicha, K. Pospisilova, M. Fabry,
V. Krél, J. Brynda, V. Kasic¢ka, M. Hajduch, P. Rezagova and B. Griiner, ChemBioChem, 2021, 22, 2741-2761.

Keywords: Carborane, Metallacarborane, HIV-Protease, Carbonic Anhydrase IX, BNCT
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Investigation of the Effects of Boron Derivatives on Gut Microbiota Composition in an
ALS Mouse Model

Nermin Basak Sentiirk!, Ilker Karacan Fikrettin Sahin'

Yeditepe University Department of Genetics and Bioengineering

2Istanbul University Cerrahpasa Institute of Neurological Sciences Department of Neurogenetics

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease characterized by motor neuron
loss, inflammation, and systemic metabolic disturbances. Emerging evidence suggests that gut microbiota
may play a crucial role in modulating neuroinflammatory responses and disease progression in ALS. This
study aimed to investigate the effects of different boron derivatives on gut microbiota composition in the
SOD1-G93A transgenic ALS model to evaluate their potential modulatory impact on microbial diversity and
taxonomic distribution. The experimental design included a transgenic control (TC) and a wild-type control
(WTC) group, both of which received only drinking water, while boron derivative-treated groups received
sodium pentaborate (NAB), sodium perborate tetrahydrate (SPT), or boric acid (BA), each dissolved in
drinking water and administered ad libitum. DNA was isolated from fecal samples collected from all groups.
The bacterial community composition was characterized using 16S rRNA gene amplicon sequencing targeting
the V3-V4 hypervariable regions, and sequencing data were processed and taxonomically annotated through
the QIIME2 bioinformatics pipeline. Alpha diversity analysis, represented by the “observed features” metric,
revealed a near-significant difference between TC and WTC groups (p = 0.06), indicating a mild reduction in
microbial richness in ALS mice. No statistically significant differences were observed among other groups
for additional alpha diversity indices. Beta diversity comparisons, assessing compositional dissimilarities
between groups, showed distinct clustering of TC and BA groups, separating them from NAB, SPT, and WTC
groups. Pairwise comparisons indicated that 14 taxa exhibited statistically significant differences in relative
abundance at the family taxonomic level (p < 0.05, q < 0.25), particularly between TC and WTC groups.
Furthermore, microbiome profiles of NAB, BA, and SPT groups were evaluated relative to the TC group
to assess the potential modulatory effects of boron derivatives on ALS-associated dysbiosis. Comparative
analysis demonstrated that BA treatment led to significant alterations in two taxa, whereas NAB and SPT
treatments resulted in differential abundance across four and three taxa, respectively, at the family level.
These findings suggest that specific boron compounds may partially restore microbial balance disrupted in
ALS, potentially shifting the gut microbiota composition toward that of wild-type controls. In conclusion, this
study provides preliminary evidence that boron derivatives influence gut microbial community composition
in an ALS model. Ongoing investigations focusing on genus- and species-level characterization are expected
to provide deeper insights into the mechanisms underlying boron—microbiota interactions and their potential
therapeutic implications in neurodegenerative disorders.

Keywords: ALS, Gut Microbiota, Boron Derivatives
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Comprehensive Radiochemical, Analytical and Pharmacokinetic Evaluation of ["C]BPA
and ["C]FBPA as Model Agents for Boron Neutron Capture Therapy

Sevban Dogan Ekici', Amaia Carrascal Minino'!, Antonio Shegani'?, Steven Kealey', Antony D. Gee'

'Department of Imaging Chemistry and Biology, School of Biomedical Engineering and Imaging Sciences, St Thomas’ Hospital,
London, SE1 7EH

Institute of Nuclear & Radiological Sciences & Technology, Energy & Safety, National Center for Scientific Research
“Demokritos,” 15310 Athens, Greece

BNCT relies on boron-containing agents that can be quantified and compared under conditions relevant to
therapy [1-5]. Within this paradigm, BPA has become a clinical mainstay, aided by PET imaging strategies
that estimate tissue boron concentration before neutron irradiation [4-6]. FBPA differs from BPA by a single
fluorine atom and is widely used as a PET surrogate in its fluorine-18 form; however, fluorine substitution
can alter kinetics and tissue distribution relative to BPA, which complicates like-for-like interpretation [7,8].
In current BNCT workflows, PET/CT quantification is often performed with ['8F]FBPA to guide dosing
decisions, whereas therapy frequently employs BPA [6]. Although FBPA is a close analogue, the additional
fluorine means it is not chemically identical to BPA and may exhibit distinct in vivo behaviour [7,8]. To
avoid cross-molecule and cross-radionuclide confounds, both BPA and FBPA were radiolabelled with
carbon-11 at C-1, thereby preserving each compound’s native structure while using the same radionuclide.
This design enables a direct, like-for-like comparison of pharmacokinetics under harmonised radiosynthetic,
analytical and biological conditions [9,10]. Both tracers were prepared on E&Z Modular-Lab hardware
using an aldehyde-catalysed imine—carboxylate exchange with [''C]CO,, privileging C-1 labelling on the
native amino acid with a timeline compatible with 11C. Purification employed the E&Z Modular-Lab HPLC
module. Analytical characterisation was done with UV detection at 220 nm and in-line radio detection under
an isocratic method (water+0.1%TFA:acetonitrile+0.1%TFA). The HPLC method was validated for linearity,
repeatability, precision at LOQ, accuracy, LOD/LOQ, carryover, robustness, and SST, confirming suitability
for RCP assessment and quantification. Dynamic in vivo PET/CT was performed in healthy mice (n=4 for
each radiotracer) to compare biodistribution and pharmacokinetics; serum stability was evaluated at 37 °C by
HPLC (UV and radio where activity permitted). Decay-corrected RCY was 12% for [''C]BPA and 10% for
[""C]FBPA; crude RCP was ~80% and 85%, respectively, rising to 100% after purification. Final analytical
profiles showed [''C]BPA at 7:07 min (cold 6:46) and [''C]FBPA at 8:55 min (cold 8:49) with high UV
purities and 100% parent by radio-HPLC. Biodistribution in healthy mice showed renal elimination with
high kidney and bladder signal, consistent with amino-acid-like transport; comparative organ kinetics were
obtained without disclosing numerical uptake here. Using carbon-11 for both BPA and FBPA enables PET/
CT comparison under harmonised radiosynthetic and analytical conditions. The study demonstrates feasible
production on E&Z platforms, validated analytics suitable for release-style decisions, high radiochemical
integrity post-purification, and stable serum profiles over 60 min, thereby establishing a practical framework
for BNCT-oriented evaluation.

Acknowledgements: The Republic of Tiirkiye Ministry of National Education and EPSRC are gratefully
acknowledged for funding my education, our laboratories and research (EP/S032789/1, EP/W021307/1).

References: [1] Barth et al., 2018, Cancer Commun. [2] Soloway et al., 1998, Chem. Rev. [3] Wittig et al.,
2000, Radiat. Res. [4] Ishiwata et al., 1991, Appl. Radiat. Isot. [5] Hanaoka et al., 2014, EJNMMI Res. [6]
Monti Hughes & Hu, 2023, Cancers [7] Ishiwata et al., 2018, Ann. Nucl. Med. [8] Ishiwata, 2019, Ann. Nucl.
Med. [9] Doyle et al., 2024, Nat. Protoc. [10] Bsharat et al., 2022, Nat. Chem.
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Figure 1. Different BPA tracers; [''C]BPA (borono-[!'C]phenylalanine), [''C]FBPA (4-borono-2-fluoro-L-
[''C]phenylalanine) and [**F]FBPA (4-borono-2-"*F-fluoro-L-phenylalanine)
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Bor Tabanh Translasyonel Yaklasimlar: Mikrobiyota—Beyin Ekseni ve Osteoartrit
Tedavisinde Yeni Nesil BOROBIYOTA ve STEMBOR Platformlari

Fatih Kar!

!Kiitahya Saghk Bilimleri Universitesi

Boron (B) elementi, son yillarda hem norodejeneratif hastaliklar hem de dejeneratif eklem patolojileri i¢in
yenilik¢i tedavi stratejilerinde 6n plana ¢ikmaktadir. Bu bildiride, Tiirkiye’nin yerli bor kaynaklarindan
yararlamilarak gelistirilen iki 6zgiin translasyonel platform — BOROBIYOTA ve STEMBOR — iizerinden borun
saglik bilimlerindeki ¢ok yonlii etkileri ele almmisti. BOROBIYOTA, bor destekli mikrobiyota temelli bir
biyoterapoétik iiriin olup, bagirsak—beyin ekseninde néroinflamasyonu azaltma, sitokin dengesini diizenleme
ve sinaptik plastisiteyi giiglendirme potansiyeli géstermektedir. Hiicre kiiltiirii ve hayvan deneylerinde elde
edilen veriler, bor bilesiklerinin oksidatif stres ve HPA ekseni diizenleyici etkileriyle birlikte mikrobiyotanin
noroaktif kapasitesini artirdigin1 gostermistir. STEMBOR ise osteoartrit tedavisinde bor nanopargaciklari,
mezenkimal kok hiicre (MSC) ve hiyaliironik asit (HA) igeren rejeneratif bir hidrojel olarak gelistirilmistir.
Bu sistem, kikirdak rejenerasyonunu desteklerken semaforin-3A (SEMA3A) biyosensor temelli biyobelirteg
izleme yaklasimiyla da yenilik¢i bir mekanizma sunmaktadir. Her iki platform da TUSEB destekli projeler
kapsaminda gelistirilmis olup, patent basvurulari tamamlanmistir. Sonug olarak, borun mikrobiyota-beyin ve
sinoviyal rejenerasyon eksenlerinde molekiiler arayiiz gorevi gorebilecegi; BOROBIYOTA ve STEMBOR
iirlinlerinin ise lilkemizde bor tabanli translasyonel tip uygulamalarina 6nciiliik edebilecegi gosterilmistir.

Anahtar Kelimeler: Bor, Osteoartrit, Translasyonel Tip, Mikrobiyota—Beyin Ekseni, Kok Hiicre
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Use of Pyridoxine Borate Ester as a Dietary Supplement

Gilden Giingér', Melda Bolat Biilter?, Dursun Ali Kose?

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye
’Hitit University, Department of Chemistry, Corum, Tiirkiye

Inrecentyears, the discovery of preventive, protective, supportive, and therapeutic compounds have gained great
importance for enabling people to live healthier, longer, and higher-quality lives. In this context, the element
boron (B), which is naturally occurring and has a wide range of biological effects, has attracted increasing
attention for its potential in the field of health [1]. Boron is known to be an essential element for maintaining
the life cycles of living organisms. Owing to its potential effects on bone health, hormonal balance, and energy
metabolism, “boron-containing dietary supplements” have become a subject of growing public and scientific
interest. These supplements typically contain boron minerals (such as borax, borate, or boric acid derivatives)
and are often formulated together with bone-supportive nutrients like calcium, magnesium, and vitamin D [2].
Research has demonstrated that boron has regulatory effects on energy, mineral, and hormone metabolism,
and that it plays a key role in the development and functionality of bone structure. Moreover, recent studies
have revealed that boron contributes to DNA protection and the reduction of oxidative stress. Due to all these
properties, boron is considered a promising element for the development of new therapeutic agents [3,4]. The
use of boron and its derivatives in dietary supplement formulations has increased significantly in recent years.
In this study, boron monoester and diester structures were synthesized using pyridoxine as a biological ligand.
To stabilize the boron ester structures, Na, K, Mg, and Ca cations were utilized. The structural characteristics
of the synthesized compounds, as well as those of the molecules recovered from aqueous solutions in solid
form using a pilot-scale spray dryer, were analyzed using infrared spectroscopy (FT-IR), thermal analysis
(TGA/DTA), and inductively coupled plasma mass spectrometry (ICP-MS) techniques.

References: [1] Nielsen, F. H. (2014). Update on Human Health Effects of Boron. Journal of Trace Elements
in Medicine and Biology. doi:10.1016/j.jtemb.2014.06.023. [2] Aysan, E., Sahin, F., Telci, D., Yalvac, M.
E., Emre, S. H., Karaca, C. ve Muslumanoglu, M. (2011). Body Weight Reducing Effect of Oral Boric Acid
Intake. International Journal of Medical Sciences, 8(8), 653—658. doi:10.7150/ijms.8.653. [3] Scorei R., Popa,
R. (2010). Boron-Containing Compounds as Preventive and Chemotherapeutic Agents for Cancer. Anti-
Cancer Agents in Medicinal Chemistry, 10(4), 346-351. doi:10.2174/187152010791162289. [4] Hosmane,
N. S. (2022). Bor Bilimi Yeni Teknolojiler ve Uygulamalar. (D. A. Kdése, Ed.). Ankara: TENMAK-BOREN.
ISBN:978-605-9516-99-0.
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In vitro Evaluation of Wound Healing and Antifungal Activities of Hypericum Perforatum
L. Extract Combined with Boron and Boric Acid

Hanife Ardahanli!

'Kafkas Universitesi

Hypericum perforatum L., also known as St. John’s Wort, is a perennial plant with significant biological
and chemical activities and a wide range of medicinal applications, including skin wounds, eczema, burns,
and psychological disorders. Boron has the ability to form various borate minerals with different structural
properties. Furthermore, the chemical properties of this mineral can be combined with different plants to
enhance the effectiveness of these plants. Therefore, in our study, ethanol-extracted Hypericum perforatum
L. extract combined with boron and boric acid was used in human endothelial healthy cell line HUVEC
(ATCC) cells. Cell viability was assessed spectrophotometrically using the MTT (3-[4,5-dimethylthiazol-2-
yl]-2,5 diphenyl tetrazolium bromide) assay at 24 and 48 hours, and the results were recorded statistically.
Following cell viability, the following groups were created: control, plant solvent group, dimethylsulfoxide
(DMSO), Hypericum perforatum L. extract, boron, boric acid, Hypericum perforatum L. extract + boron, and
Hypericum perforatum L. extract + boric acid combination. Cell wound healing was photographed using an
inverted microscope at 0, 12, 24, and 48 hours. In this study, the antifungal activities of the extract obtained
from Hypericum perforatum L. flowers and leaves, the boron + plant extract, and the boric acid + plant extract
groups were evaluated against Candida albicans (ATCC 14053) and Candida glabrata (ATCC 15126) strains.
Additionally, their activities against fluconazole and amphotericin B were determined using the Kirby-Bauer
disk diffusion method.

Keywords: Hypericum Perforatum L., Boron, Boric Acid, Wound Healing
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Apoptosis Induction by Boric Acid and Venetoclax Combination in HG-3 and MEC-1
Chronic Lymphocytic Leukaemia Cell Lines: In Vitro and Computational Modelling
Approach

Dilek Nur Bestil', Hamdi Uysal®

!Ankara University, Graduate School of Health Sciences, Department of Biochemistry
?Ankara University, Faculty of Veterinary Medicine, Department of Biochemistry

Boron, which does not occur in nature in its elemental form, is found as borax, boric acid, and borate due to its
high affinity for oxygen. Its biologically available form is boric acid. Although epidemiological studies have
shown that boric acid has potential cancer-preventive properties, its mechanism of action remains unclear.
Venetoclax, used in the treatment of chronic lymphocytic leukemia, negatively affects treatment due to
developing chemoresistance and undesirable side effects. Our study evaluated the apoptotic, antiproliferative,
and synergistic effects of boric acid and Venetoclax used in combination on HG-3 and MEC-1 cells using in
vitro and in silico approaches. Boric acid and venetoclax were applied at varying concentrations, and their
cytotoxicity was determined using the MTT assay to establish the IC50 value after 24- and 48-hour treatments.
Synergistic and antagonistic effects were evaluated using the Chou-Talalay method. Caspase-3 and caspase-8
activity was assessed using the ELISA method after obtaining lysates following a 24-hour treatment. In the
in silico phase, AutoDock Vina was used for molecular docking, and GROMACS programs were used for
molecular dynamics. Boric acid and venetoclax administered at varying doses demonstrated antiproliferative
effects in HG-3 and MEC-1 cells in both 24-hour and 48-hour treatments. The activities of caspase-3 and
caspase-8 was determined to increased compared to the control group. In silico analysis, boric acid showed
significant binding affinity, similar to venetoclax. According to the Chou-Talalay method, combined use
showed a synergistic effect at all doses. Boric acid has shown anticancer activity in chronic lymphocytic
leukemia cell lines, showing promise in the treatment of chronic leukemia.

Keywords: Apoptosis, Computational Analysis, Chronic Lymphocytic Leukemia
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Synthesis, Characterization, and Biomedical Application of Europium Doped Calcium
Tetraborate Nanoparticles

Huseynagha Abasov', Ipek Yildirrm', Aysen Yilmaz'

!Middle East Technical University

Attention to inorganic nanoparticles has spanned various but not limited to disciplines, including photodynamic
therapy, antibacterial coatings, drug delivery systems in pharmacology and toxicology, and optics and
electromagnetism. This study aims to explore the application of synthesized polyethylene glycol (PEG) and
folic acid (FA)-coated calcium tetraborate nanoparticles doped with lanthanides, Eu**. Calcium tetraborate
particles (CTB), which have not been proven to be potent drug-delivering nanoparticles with Eu*" dopant,
have been synthesized and doped with Eu** with varying proportions. Optimum molar conditions have been
set for the dopant-to-host ratio with optimization studies utilizing photoluminescence spectroscopy to obtain
the highest intensity. In this work, Eu*" doped CTB has been investigated as a drug delivery system for the
first time. The single-doped nanoparticles have been coated with some functional groups, such as polymers,
in order to aid them in carrying the drug particles. The functional group in this study are polyethylene glycol
(PEQG) and folic acid (FA), which is a biocompatible material with surface functionality. This feature of the
PEG-FA coating makes it a potential host to attract drug particles for constant, slow, and controlled delivery to
the cancer cell lines. Moreover, the further modifiability characteristic of PEG-FA coating provides alternative
routes from the coating perspective. It should be noted that CBO coating with PEG-FA as a drug delivery
platform has never been studied before. Additionally, the effect of single doping has been investigated as to
how photoluminescence phenomena will be affected with PDA surface coating. Drug loading experiments
have been performed with Doxorubicin dissolved in PBS (phosphate buffer saline) solution. Drug loading
performance of the CBO@PDA will be executed with the help of UV-VIS spectrophotometry. Drug release
profiles of the CBO@PDA with Amoxicillin will be analyzed in a pH of 7.4 phosphate buffer and a pH of 5.5
acetate buffer.

Keywords: Drug Delivery System, Calcium Tetraborate Nanoparticles, Europium Doping
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Optimization Study for the Synthesis of Calcium Tetraborate Nanoparticles
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BORON IN AGRICULTURE and ENVIRONMENTAL SUSTAINABILITY
(TARIM ve CEVRESEL SURDURULEBILIRLIKTE BOR)
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Potential Fertilizer Boron Requirement in Pakistan is 24-Times Greater than Its Current
Use: A Case Study

Abdul Rashid', Munir Zia?

'Pakistan Academy of Sciences, Islamabad, Pakistan
’Fauji Fertilizer Company Limited, Rawalpindi, Pakistan

Soil boron (B) deficiency is a major constraint to crop productivity across 22 million ha of Pakistan’s agricultural
land, characterized by alkaline—calcareous soils low in organic matter. Although the first field evidence of B
deficiency in cotton was reported in 1970, systematic research gained momentum only in the mid-1980s on
learning better soil-plant B analysis techniques. Subsequent field and laboratory studies revealed B deficiency
in 35-56 % of cropped areas, leading to significant yield, produce quality, and income losses. Boron fertilizer
application has proven highly cost-effective, with recorded yield increases of 14 % in cotton and wheat,
15-25 % in rice, and 23 % in peanut, along with produce quality improvements — such as rice milling yield
and cooking quality traits. Soil application of 0.75-1.0 kg B ha™ or 2-3 foliar sprays of 0.1 % B solution
effectively corrects deficiency and leaves a beneficial residual effect without inducing toxicity. Encouraged by
extensive field evidence and published research, demonstrating attractive agronomic and economic benefits of
B fertilization, two major fertilizer industry players, i.e., FFC and Engro Fertilizers, have recently initiated B
addition to DAP and urea, respectively. This marks a significant industry response for addressing widespread
B deficiency through B-enriched fertilizer products. Despite this R&D progress, the overall use of B fertilizers
in Pakistan remains sporadic and minimal. National import data show that imported boric acid and some other
B compounds are utilized across several industries, including glass, ceramics, and chemicals; therefore, it is
difficult to determine their exact quantity used in agriculture. Based on available trade statistics and literature,
it is estimated that only 10-20 % of total imported B products are directed toward agriculture, corresponding
to roughly 100 t B yr' used in fertilizers. Using the recommended-rate approach — accounting for residual
beneficial effect and cropped areas requiring B fertilization — the potential annual requirement of fertilizer B
for all field crops, vegetables, and fruits in the country is estimated to be 2,396 t B yr!, nearly 24-fold greater
than the current agricultural use.Bridging this gap offers major opportunities to enhance crop yields, farmer
profitability, and soil resource productivity, while supporting national food security and sustainable agriculture
intensification initiatives. Constraints to B fertilizer adoption and strategies for improving its availability,
awareness, and integration into national nutrient management programs are discussed.

Keywords: Soil B Deficiency, B Fertilizer, Actual Use, Potential Requirement, Pakistan
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Farkl Bor (B) ve Potasyum (K) Dozlarinin Findik Turpu (Raphanus Sativus L. var.
Sativus) Morfolojisi, Besin Elementi Ahmina ve Yumru Kalitesi Uzerine Etkileri

Nihan Tazebay Asan', Rojin Giiler?, Mihriban Namli®, ilknur Solmaz*, Ayfer Alkan Torun’

"Toprak, Giibre ve Su Kaynaklari Merkez Aragtirma Enstitiisii

’Bursa Uludag Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii
3Surnak Universitesi Ziraat Fakiiltesi Bahce Bitkileri Boliimii

‘Cukurova Universitesi Ziraat Fakiiltesi Bahce Bitkileri Boliimii

SCukurova Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii

Bu aragtirma, sera kosullarinda yetistirilen findik turpu (Raphanus sativus L. var. sativus) bitkisine uygulanan
alt1 farklibor (0,0.2, 1, 2,4 ve 8 mg B kg -1) ve i¢ farkli potasyum (0, 75 ve 150 mg K kg-1) dozunun morfolojik,
fizyolojik ve kalite parametreleri lizerindeki etkilesimlerini incelemeyi amaglamistir. Yaprak sayisi, artan K
dozlariyla azalma egilimi gostermis; 6zellikle yiiksek K ile yiiksek B kombinasyonlarinda istatiksel olarak en
diisiik diizeylerde anlamli kaydedilmistir. Bu bulgu, yiiksek konsantrasyonlarda uygulanan B ve K’nin bitkide
besin elementleri arasindaki dengeyi bozarak vejetatif gelisimi baskiladigin1 gostermektedir. Yesil aksam
besin elementi konsantrasyonlari, istatistiksel olarak anlamh diizeyde (p < 0.05) K ve B uygulamalarindan
etkilenmistir. Artan K dozlari, azot (N), kalsiyum (Ca) ve magnezyum (Mg) konsantrasyonlarinda diisiise
neden olurken, bu durum K’un Ca ve Mg ile olan antagonistik iliskisini desteklemektedir. Ote yandan,
yiksek K dozlar1 demir (Fe), mangan (Mn) ve bor (B) konsantrasyonlarini artirici bir etki géstermistir. Artan
B dozlarinin ise 6zellikle Mn ve B birikimini anlamli bicimde artirmasi, B’nin mikro besin elementlerinin
metabolik etkinligini ve tasinimini tesvik ettigini gostermektedir. Yumru renk olgiimlerine bakildiginda; B
uygulamalar1 L* (parlaklik) degerleri lizerinde belirleyici olmus, diisiik ve orta diizey B uygulamalar1 daha
yuksek parlaklik saglamistir. a* (kirmizilik) ve b* (sarilik) degerleri tizerinde ise potasyumun ana etkisi anlamli
bulunmustur. Elde edilen bulgular, K fazlaliginin renk kalitesini olumsuz etkileme potansiyeli tagidigini, B’nin
ise belirli dozlarda bu etkiyi dengeleyebilecegini ortaya koymustur. Sonug olarak, optimal verim ve kalite
icin B ve K dozlarinin, besin dengesini koruyacak sekilde dikkatle belirlenmesi gereken kritik bir etkilesim
igerisinde oldugu tespit edilmistir.

Anahtar Kelimeler: Besin Antagonizmi, Bor (B), Findik Turpu, Potasyum (K)
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Utilization of Duckweed for the Phytoextraction of Boron and Other Nutrients From
Agricultural Drainage Water to Produce an Organic Slow-Release Fertilizer

Umit Baris Kutman', Kiibra Tutkun Akdeniz', Rifat Bugra Bildiri', Bahar Y1ldiz Kutman'

!Gebze Technical University Institute of Biotechnology Gebze Kocaeli

Agricultural wastewater often contains excessive nutrient loads, posing both environmental and agronomic
challenges. Duckweed (Lemna minor), a fast-growing aquatic macrophyte, offers a sustainable approach for
nutrient recovery from agricultural drainage water while generating biomass suitable for use as an organic,
slow-release fertilizer, which is rich in not only boron but also primary macronutrients including nitrogen
and phosphorus. In this study, duckweed was cultivated in various agricultural wastewater sources, including
greenhouse and vertical farming effluents, to recover nutrients through biomass production. The harvested
biomass was subsequently incorporated into soil during a 90-day incubation experiment. Duckweed amendment
enhanced overall nutrient availability and moderated soluble B concentrations, demonstrating characteristics
of slow-release fertilizers. Spectrometric analyses indicated that duckweed biomass reduced the availability of
excess B under alkaline pH conditions, suggesting its potential to stabilize B in soil. Chemical characterization
revealed a balanced macro- and micronutrient composition suitable for a complete fertilizer. Under B stress,
duckweed application improved plant performance, increasing shoot biomass by 44% and 28% in 0.25% and
0.50% treatments, respectively, compared with the control. Collectively, these findings highlight the potential
of duckweed-derived biomass from agricultural wastewater as a sustainable, nutrient-enriched organic fertilizer
that enhances soil fertility while regulating boron availability.

Keywords: Duckweed (Lemna Sp.), Organic Fertilizer, Boron Availability, Soil Amendment, Slow-Release
Fertilizer
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Effects of Different Mitigant Applications on Monocotyledonous Plants Grown in Boron-
Deficient Conditions

Mehmet Hamurcu', Zuhal Zeynep Avsaroglu', Ayse Humeyra Omay', Fevzi Elbasan', Aidana Sugirbekova!,
Mohd. Kamran Khan', Anamika Pandey', Sait Gezgin'

!Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Selcuk University, Konya 42150, Tiirkiye

Boron (B) is an essential micronutrient that plays a role in fundamental physiological and biochemical
processes in plants, such as cell wall structure, carbohydrate transport, lignin synthesis, and membrane
stability. Monocotyledonous plants are among the species more susceptible to boron deficiency due to limited
phloem transport. In strategically important cereals such as wheat (Triticum aestivum L.), barley (Hordeum
vulgare L.), maize (Zea mays L.), and rice (Oryza sativa L.), boron deficiency can cause retarded root and
shoot development, necrosis, and chlorosis in leaf tips. These physiological deteriorations in plants limit the
water and nutrient uptake capacity, reducing photosynthetic activity and biomass production, thus impacting
agricultural productivity. As plant defense mechanisms become restricted in the presence of boron deficiency,
various mitigating (stress-reducing) treatments have been developed to mitigate the effects of stress through
external interventions. These treatments include biostimulants such as salicylic acid, selenium, trehalose,
proline, glycine betaine, humic acid, amino acid complexes, and micronutrient supplements. Mitigants can
reduce the accumulation of reactive oxygen species (ROS) by activating plants’ antioxidant defense systems.
In plants, mitigating agents support cellular homeostasis by maintaining osmotic balance and can protect the
integrity of cell membranes and protein structure. To explore these mechanisms, our study investigated the
effectiveness of various mitigants such as selenium and trehalose to alleviate stress responses in monocot
barley and wheat plants under B deficiency conditions. As a result of these treatments, changes in free radical
(OH and H,0,) values, and antioxidant enzyme activities (SOD, POX, CAT, APOX, and GR) were evaluated
using physiological and biochemical indicators. Under boron-deficient conditions, plant growth parameters and
antioxidant enzyme activities decreased, while free radical values increased. It was determined that mitigant
applications in boron-deficient conditions resulted in decreases in free radical formation and increases in
antioxidant activity. It has been determined that mitigants such as selenium and trehalose alleviated the stress
symptoms caused by boron deficiency and have an ameliorative effect on stress tolerance by reducing cellular
damage, especially by activating the antioxidant defense system.

Keywords: Boron Deficiency, Monocotyledonous Plants, Selenium, Trehalose, Antioxidant Enzymes
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Importance and Utilization of Wheat Genetic Resources in Developing Boron Toxicity
Tolerance

Anamika Pandey', Mohd. Kamran Khan', Mehmet Hamurcu', Mustafa Harmankaya!, Sait Gezgin'

'Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Selcuk University, Konya 42150, Tiirkiye

The world population is projected to reach 9.7 billion by 2050, demanding a significant increase in production
of crops. However, enhancing crop productivity is becoming more challenging due to persistent climate
change. Changes in climate worsen the biotic and abiotic stresses occurring in the agricultural fields. Boron
is an important microelement for plant growth whose deficiency and toxicity in soil both have a negative
effect on agricultural yields, especially in arid and semiarid regions of the world. In Turkiye, around 22%
of agricultural land generally having saline soil and high pH suffers from boron toxicity. Developing boron
toxicity tolerant cultivars that can be grown in these affected regions is an ultimate solution to the problem. To
develop boron tolerant cultivars, it is necessary to identify boron tolerant genetic resources, understand their
underlying tolerance mechanism and employ them in breeding programs. Contrary to the efficient utilization
of wheat genetic resources for different stresses such as drought, heat, and salinity, limited studies have been
conducted on boron toxicity. To fill the research gap in the literature, we have screened different wheat genetic
resources including landraces, wild wheat and neglected wheat species under boron toxic growth conditions
in the scope of TUBITAK-funded 1001 project (No. 1190455). A number of tolerant genotypes from different
species including Aegilops columnaris, Triticum dicoccum, T. urartu, T. dicoccoides, T. zhukovskyi have
been identified through several experiments. Transcriptome analysis revealed the involvement of different
pathways and mechanisms behind the tolerance of these genotypes. Functional characterization of boron
toxicity tolerant genes from T. dicoccoides and T. zhukovskyi in Arabidopsis thaliana demonstrated their role
in boron toxicity tolerance. While the boron tolerant genotypes identified in the project will be used as pre-
breeding and breeding material in wheat improvement programs, the identified potential genes can be used for
the development of functional markers for the assessment of boron toxicity tolerance.

Keywords: Gene Expression, High Boron, Physiological Growth, Stress Tolerance, Wild Wheat
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Farkh Kaynaklardan Uygulanan B Giibrelerinin Seker Pancar1 Bitkisinin Gelisimi ve
Verimi Uzerine Etkileri

Burcu Aydogan!, Ebru Karagay', Evren Sengiil', Murat Tugrul?, A. Yasar Abact’, S. Giilfem Altunbay*

'Eti Maden Isletmeleri Genel Miidiirliigii Teknoloji Gelistirme Dairesi Baskanlig
*Tiirkiye Seker Fabrikalart A.S. Seker Enstitiisti Tarimsal Aragtirma Béliimii
3Tiirkiye Seker Fabrikalart A.S. Seker Enstitiisti Bitki Besleme ve Agronomi Subesi
*Tiirkiye Seker Fabrikalar: A.S. Seker Enstitiisti Bitki Besleme ve Agronomi Subesi

Bor (B) bitkiler tarafindan diisiik miktarda ihtiya¢ duyulan, eksikligi ile fazlalik sinir degeri birbirine ¢ok
yakin olan bir mikro besin elementidir. Seker eldesi amaciyla yetistirilen yumrulu bir bitki olan seker pancari,
bor ihtiyaci en yiliksek ve bor eksikligine en duyarl kiiltiir bitkilerinden biridir. Bu ¢alismada, Tiirkiye
Seker Fabrikalar1 A.S. Seker Enstitiisii'niin Etimesgut Istasyon Sefliginde bulunan deneme arazisinde
tarla kosullarinda yetistirilen seker pancari bitkisine (Beta vulgaris L.), farkli B kaynaklar1 (Etidot-67
toprak, Etidot-67 toprak+yaprak, ETiGranB10 toprak, ETiGranB15 toprak, %75 Kolemanit+%25 Boraks
Pentahidrat toprak) uygulanarak, s6z konusu giibrelerin seker pancari bitkisinin gelisimi ve B alimina etkileri
arastirtlmistir. Bu amagla seker pancari bitkisine ekim oncesinde toprak uygulamalar1 0,3 kg da! B, yaprak
uygulamasi 300 ppm B dozunda yapilmistir. Deneme tesadiif parselleri deneme desenine gore, 4 tekerriirlii
olarak yiirttiilmiistiir. Yaklasik 6 aylik gelisme periyodu sonucunda bitkiler hasat edilmis ve hasat doneminde
alinan yumru 6rneklerinde kok verimi (kg da™'), seker varligi (%), sodyum (meq 100 g' pancar), potasyum
(meq 100 g! pancar), zararlt N veya *-amino N (meq 100 g pancar), aritilmis seker varligi (%), aritilmis seker
verimi (kg da') ve kuru madde (Brix) (%) miktarlart gibi pancarda verim ve kaliteyi direkt olarak etkileyen
parametreler belirlenmistir. S6z konusu arastirmaya ait ¢calismalar hali hazirda devam etmekte olup, Tiirkiye
topraklarinda seker pancari bitkisinde bor uygulamasina yonelik yapilmis olan bilimsel c¢alismalarda %6-
15 arasinda iiriin verim artis1 géz oniinde bulunduruldugunda, bu ¢alismada da énemli sonuglarin alinacagi
degerlendirilmektedir.

Anahtar Kelimeler: Graniil Giibre, Seker Pancari, Bor

136 BORON 2025



®
14 3-5 December 2025
Eti Maden Bor Campus,
Ankara, Turkiye

International
@ Boron Symposium

Removal of Naphthalene from Paraffin by Using Nanoclay Derived from Boron
Enrichment Process Waste

Tolga Duran', Necip Atar?

'Mercan Chemical Industry and Trade Inc.
2Pamukkale University, Department of Chemical Engineering, Denizli

Liquid paraffin oil poses a significant threat to living organisms due to the presence of toxic components such
as naphthalene. Owing to its resistance to biodegradation, liquid paraffin oil can accumulate in ecosystems and
eventually enter the human body through the food chain. Furthermore, the presence of aromatic hydrocarbons
deteriorates the quality and stability of downstream products. Consequently, the removal of aromatic
hydrocarbons from liquid paraffin oil is of considerable environmental and industrial importance. With the
growing emphasis on environmental sustainability and resource efficiency, the recovery and valorization of
industrial wastes have become critical research areas. During the boron enrichment process, approximately
5-10% of B,O; is generated as a by-product. These B,O;-rich wastes, originating from strategically important
boron minerals, pose serious environmental challenges, including air, water, and soil contamination. Moreover,
their storage and disposal require large land areas, creating additional environmental burdens. Instead of storing
recoverable wastes, their utilization as secondary raw materials can reduce dependency on primary resources
and provide substantial economic and environmental benefits. To enhance the contribution of boron resources
to the national economy, it is crucial to develop novel boron-based materials, expand the application areas of
existing boron compounds, strengthen boron-related industrial sectors, increase employment opportunities,
and promote domestic utilization of boron products.In this study, nanoclay derived from boron enrichment
process waste was synthesized and employed as an adsorbent for the removal of naphthalene, a representative
aromatic hydrocarbon present in liquid paraffin oil. The prepared nanoclay adsorbents were characterized by
Scanning Electron Microscopy (SEM), N, adsorption—desorption isotherms, X-ray Diffraction (XRD), and
Fourier Transform Infrared Spectroscopy (FTIR). Adsorption kinetics were analyzed using pseudo-first-order,
pseudo-second-order, and intra-particle diffusion models, while equilibrium data were fitted using Langmuir
and Freundlich isotherm models. The results demonstrate that nanoclay derived from boron enrichment
process waste is a promising low-cost and sustainable adsorbent for the effective removal of naphthalene from
liquid paraffin oil.

Keywords: Boron Waste, Naphthalene, Paraffin, Adsorption
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Facile BN Coating Strategy on Melamine Sponges for Improved Adsorption and
Regeneration Efficiency

Duygu Kuru', Ilknur Demirtas®, Ece Tugba Cetinkaya?, Zehra Yigit Avdan? Serdar Géncii2, Nuran Ay?,
Silleyman Ay*

'Department of Chemical Engineering, Bilecik Seyh Edebali University, 11100, Bilecik, Tiirkiye

’Department of Environmental Engineering, Eskisehir Technical University, 26555, Eskisehir, Tiirkiye
3Department of Materials Science and Engineering, Eskisehir Technical University, 26555, Eskisehir, Tiirkiye
“Bortek Boron Technologies and Mechatronic Inc., Eskisehir, Tiirkiye

The continuous release of wastewater containing a wide spectrum of inorganic and organic pollutants has
become a critical global issue, imposing notable pressure on ecological systems and indirectly affecting societal
and economic stability [1]. The presence of toxic constituents—ranging from metal ions and petroleum-
derived materials to industrial solvents and aromatic dye pollutants—in these effluents has aggravated water
contamination concerns and heightened public health threats, largely driven by rapid industrial growth
and increasing population density [2]. Conventional practices used to manage oily and organic pollutants
in contaminated water, including physical oil removal, chemical purification strategies, and direct on-site
burning [3], are accompanied by considerable limitations. These treatment approaches often exhibit poor
efficiency, require substantial energy consumption, and may further introduce environmental burdens through
the generation of additional contaminants [4]. In this study, boron nitride (BN)-coated melamine sponges were
developed as efficient adsorbent materials for removing textile dyes from wastewater. BN was coated onto
melamine sponges via a layer-by-layer deposition method based on the principle of electrostatic attraction.
Polydimethyl diallyl ammonium chloride (PDDA) was employed as the cationic polymer solution, whereas
boron nitride nanosheets were utilized as the anionic component to facilitate electrostatic binding. Sequential
coatings of the cationic and anionic solutions on the melamine sponge were performed for 15 cycles. Batch
adsorption experiments of methyl orange were conducted to evaluate the adsorption performance of the
boron nitride-coated sponges. The repeated deposition cycles enabled uniform distribution of BN nanosheets
throughout the sponge’s porous network, enhancing surface area and dye adsorption capacity. Structural
and morphological characterizations using FTIR, SEM, and BET analyses confirmed that BN layers were
successfully coated without compromising the integrity of the melamine framework. Adsorption tests
conducted with a model dye, methyl orange, demonstrated rapid uptake kinetics and achieved approximately
70% dye removal. The adsorption process was mainly driven by electrostatic interactions, n—r stacking, and
the surface affinity of BN nanosheets. Moreover, the BN-coated sponges retained their adsorption performance
over multiple regeneration cycles, highlighting their high reusability. Overall, these BN-modified melamine
sponges offer a cost-effective, durable, and reusable solution for treating dye-contaminated wastewater.

Acknowledgement: This work was funded by the Scientific and Technological Research Council of Tiirkiye
(grant no 5220152).

References: [1] Lei, W. W., Portehault, D. Liu, D., Qin, S. & Chen, Y. (2013). Porous boron nitride nanosheets
for effective water cleaning. Nature Communications, 4, 1777. [2] Peng, D., Jiang, W., Li, F.-F., Zhang,
L., Liang, R.-P., & Qiu, J.-D. (2018). One-pot synthesis of boron carbon nitride nanosheets for facile and
efficient heavy metal ions removal. ACS Sustainable Chemistry&Engineering, 6, 11685-11694. [3] Broje,
V. & Keller, A. A. (2006). Improved Mechanical Oil Spill Recovery Using an Optimized Geometry for the
Skimmer Surface. Environmental Science&Technology, 40, 7914-7918. [4] Buist, 1., Potter, S., Nedwed, T.
& Mullin, J. (2011). Herding surfactants to contract and thicken oil spills in pack ice for in situ burning. Cold
Regions Science and Technology, 67, 3-23.
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Biochemical Changes in Wheat Plants under Boron Toxicity Conditions

Mehmet Hamurcu!, Zuhal Zeynep Avsaroglu!, Ayse Hiimeyra Omay', Fevzi Elbasan!, Aidana Sugirbekova!,
Mohd. Kamran Khan'!, Anamika Pandey', Sait Gezgin!

!Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Selcuk University, Konya 42150, Tiirkiye

Boron (B), an essential micronutrient in plants, plays a critical role in vital physiological and biochemical
processes such as cell wall stabilization, membrane permeability regulation, carbohydrate transport, lignin
synthesis, and signal transduction. Adequate boron availability in plants is particularly important for the
development of meristematic tissues and the functional integrity of reproductive organs. However, both boron
deficiency and excess cause disruptions in plant metabolism. Boron toxicity stands out as a significant abiotic
stress factor that threatens agricultural production, particularly in regions with boron-rich soils. Toxicity
occurs when high concentrations of boron accumulate in plants, disrupting intracellular ion balance and
triggering excessive production of reactive oxygen species (ROS). This leads to oxidative stress in plant cells
and irreversible damage to membrane structures, proteins, and nucleic acids. Plants activate their antioxidant
defense systems to limit the effects of oxidative stress and maintain cellular integrity. Key components of
this system include enzymes such as superoxide dismutase (SOD), peroxidase (POX), catalase (CAT), and
glutathione reductase (GR). These enzymes contribute to the maintenance of intracellular redox balance by
converting ROS into less harmful compounds. Wheat (Triticum aestivum L.) is a strategic cereal grain species
that is a major food source worldwide. Due to its extensive cultivation area and ability to adapt to diverse
environmental conditions, understanding its physiological and biochemical responses to boron toxicity is
crucial for stress tolerance. In this direction, our study investigated the effects of boron toxicity on antioxidant
enzyme activities and free radicals of wheat variety, Karahan 99. In addition to measurements of growth
parameters such as shoot and root length, fresh/dry weight, changes in free radical (OH and H,O,) values
and antioxidant enzyme activities (SOD, POX, CAT, APOX, and GR) were evaluated. Under boron toxicity
conditions, free radical OH and H,0, values increased in the Karahan 99 wheat variety. Furthermore, SOD,
POX, APOX, and GR antioxidant enzymes increased, while CAT enzyme decreased. Different wheat genotypes
exhibit varying susceptibility to boron toxicity, and these differences can be assessed through antioxidant
enzyme activities. It has been observed that the antioxidant system functions more effectively in tolerant
genotypes, while it is insufficient in susceptible genotypes. For this purpose, examining the effects of boron
toxicity on antioxidant enzyme activities in wheat plants provides a scientific contribution to stress physiology
and is crucial for identifying and developing wheat varieties resistant to boron toxicity.

Keywords: Boron Toxicity, Oxidative Stress, Antioxidant Enzymes, Reactive Oxygen Species, Triticum
Aestivum L.
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RNA Sequencing Reveals Pathways Involved in Boron Toxicity Response in
{Triticum urartu}
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Gezgin'
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Global climate change is currently one of the biggest issues confronting the human population. To meet
the expectations of the growing population, it is necessary to introduce novel genotypes that can adapt to
the shifting climate without decreasing the quality. Wild progenitors of wheat are effective candidates for
enhancing the gene pool of modern wheat. The wild species, Triticum urartu has been discovered as the
donor of the A-genome of tetraploid and hexaploid wheat types, and it may be employed as a gene source for
wheat breeding programs targeting stress tolerance. Though T. urartu species has been explored for different
stress conditions, it has not been well studied for boron toxicity stress. Boron toxicity is one of the significant
agricultural problems negatively affecting wheat yield around the world. Here, we report different KEGG
(Kyoto Encyclopedia of Genes and Genomes) pathways that were enriched in a boron toxicity-tolerant T.
urartu genotype in boron toxic growth environment. KEGG pathway-dependent analysis provides an idea of
the biological functions that are influenced by the interaction of the differentially expressed genes (DEGs)
under a specific condition. Interestingly, different pathways, including global and overview maps, energy
metabolism, translation, and carbohydrate metabolism, showed the highest number of DEGs. The maximum
rich ratio in the KEGG pathway enrichment was observed in photosynthesis, oxidative phosphorylation,
linoleic acid metabolism, and RNA polymerase. The obtained information can be employed to understand the
gene network and its functioning in a boron-tolerant T. urartu genotype that can be further used to develop
boron toxicity tolerance in modern wheat cultivars.

Acknowledgement: The authors would like to thank TUBITAK 1001 (No. 1190455) project for the funding
support to perform this research work.
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Arastirmadan Gercege: Bor Aktivasyonlu Cevreci Cimento Uretimi

Ebru Sipahioglu', Derya Maraslioglu?

'Limak Cimento
?Eti Maden Isletmeleri Genel Miidiirliigii

Tiirkiye, dliinyaborrezervlerinin yaklasik %73 {ine sahip olmasiyla stratejik bir avantaja sahiptir. Bu potansiyelin
endiistriyel katma degere doniistiiriilmesi amaciyla Limak Cimento ve Eti Maden Genel Miidiirliigli arasinda
2021 yilinda baslatilan “Yesil Cimento Déniisiimiinde Bor Minerali ile Cimento Uretimi” projesi kapsaminda,
yeni faz yapisina sahip Boron Activated Cement — Bor Aktivasyonlu Cimento (BAC) gelistirilmistir. Proje;
bor mineralinin 6zel mineral katkilarla aktive edilmesi, proses parametrelerinin optimize edilmesi ve enerji
verimliliginin artirilmasi tizerine kurgulanmistir. Elde edilen sonuglar, BAC iiretiminde fosil yakit tilketiminde
%3, klinker kaynakli emisyonlarda %3 azalma saglandigin1 gdstermektedir. Laboratuvar deneylerinden pilot
iiretime kadar toplam 5 fazda yiiriitiilen ¢calisma, Limak Cimento Balikesir Fabrikasi’nda sanayi 6lgeginde
dogrulanmistir. Bu bulgu, ¢imento sektoriinde karbon ayak izini azaltmak ve siirdiiriilebilir {iretime gegiste
borun stratejik bir rol iistlenebilecegini ortaya koymaktadir. Ayrica yerli kaynaklarin kullanimiyla ekonomik
stirdiiriilebilirlik saglanirken, Tiirkiye’nin yesil doniisiim hedeflerine somut bir katki sunulmustur. Bu bildiride,
proje siirecinde elde edilen bilimsel bulgular, endiistriyel dlcekleme asamalar1 ve kamu-6zel sektor is birligi
modelinin sektorel doniisiime etkileri tartisilmaktadir. Eti Maden Genel Miidiirliigii ve Limak Cimento is
birligiyle gelistirilen bu yenilik¢i yaklasim, Tiirkiye nin bor rezervlerinin katma degerli lirline donligmesinde
ornek bir model olarak ¢imento sektdriiniin karbonsuzlagsma yolculugunda yeni bir kilometre tagi olarak
degerlendirilmektedir.

Anahtar Kelimeler: Cimento, Kolemanit
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Development and Industrial Deployment of an On-line LIBS System for Quantitative
Analysis of Boron Ores
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We report the design, development, calibration, and industrial validation of an on-line Laser-Induced Breakdown
Spectroscopy (LIBS) system engineered for real-time, quantitative analysis of boron ores on a production line.
The goal was to create a robust and high-performance analytical instrument capable of continuous, preparation-
free, and multi-elemental monitoring under realistic industrial conditions. The system combines laser—plasma
diagnostics, optical design, and chemometric modeling to achieve high sensitivity and accuracy despite the
complex matrix of borate ores. The LIBS system integrates a high-repetition-rate Q-switched Nd:YAG laser
(1064 nm, 10 Hz, 120 mJ pulses) with a dual-channel high-resolution Czerny—Turner spectrometer covering
200-360 nm. This configuration enables simultaneous detection of boron lines along with Mg, Ca, Si, and Fe
emissions that characterize ore composition. A custom-designed optical head, optimized in Zemax OpticStudio,
employs a parabolic mirror with a central hole for coaxial focusing and plasma light collection, maximizing
photon throughput to a bifurcated fiber bundle connected to the spectrometer. The optical head, protected
by stainless-steel housing with sapphire windows and air-purging channels, ensures stability under dust,
vibration, and temperature variations typical of ore-handling systems. Quantitative calibration was achieved
using pressed boron-ore pellets with B,O; contents between 22 wt% and 30 wt%, analyzed both by LIBS and
Optical Emission Spectroscopy (OES). The integrated intensity of the boron line at 249.7 nm, normalized
to a reference Mg line, showed excellent linearity (R* > 0.98). The limit of detection was approximately
0.5 wt% B,0O,, sufficient for on-line process control. Repeated calibration and cross-validation confirmed
the stability and reproducibility of the analytical model, validating its suitability for continuous operation.
The system was field-tested at the Eti Maden Kirka Boron Plant, one of the world’s largest boron producers.
Installed directly above a conveyor belt, the LIBS unit operated continuously, capturing spectra at 10 Hz and
processing them in real time using a custom data-acquisition platform that performed background correction,
peak fitting, and intensity normalization. Comparison with OES reference data showed average deviations
within £5%, confirming quantitative accuracy. The system maintained optical alignment and signal integrity
despite fluctuating ore size, surface roughness, and humidity, proving its mechanical and optical robustness
for long-term industrial use. Compared with conventional laboratory-based methods such as ICP-OES or
XREF, the LIBS system offers several advantages: it eliminates sample preparation, reduces analysis time
from hours to seconds, and provides instant compositional feedback for process optimization. The approach
allows operators to adjust feed ratios or furnace parameters immediately, improving efficiency and reducing
costs. Furthermore, its reagent-free nature minimizes environmental impact and operational expenditure. The
modular design also allows integration into ore sorting, blending, and quality-control stations within modern
mining plants. This study constitutes the first comprehensive demonstration of an on-line LIBS system for
boron ores operating under genuine production conditions. Previous reports have been limited to laboratory
setups or simulated conveyors. By contrast, the present work validates LIBS as a practical, industry-ready
tool for continuous compositional monitoring. Its successful deployment marks a significant milestone toward
Industry 4.0-oriented smart mining, where automated sensing and closed-loop control systems enhance
productivity and sustainability. Future developments will focus on improving environmental mitigation and
analytical robustness. Implementation of advanced air-knife systems and adaptive focusing mechanisms can
minimize dust and surface effects. Moreover, chemometric and machine-learning approaches such as Principal
Component Analysis (PCA) and Partial Least Squares Regression (PLSR) will be incorporated to correct matrix
influences and enable simultaneous multi-element quantification with higher accuracy. Extending the method to
include light elements such as lithium, sodium, and magnesium is also envisioned, expanding the technology’s
utility for strategic minerals used in energy storage and high-tech industries. In conclusion, the developed on-
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line LIBS system provides a fast, quantitative, and preparation-free solution for monitoring boron content in
ore streams. The demonstrated agreement with laboratory OES, combined with stable operation under harsh
conditions, proves its readiness for industrial deployment and commercialization. The system’s capability for
real-time decision support opens the way to intelligent process control and adaptive mining strategies. This
achievement bridges the gap between laboratory spectroscopy and field application, establishing LIBS as a
cornerstone technology for next-generation mineral analysis and smart mining environments.

Keywords: LIBS, PCA Principle Component Analysis, Elemental Spektroskopi, Bor Cevheri
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Fracture Toughness of Epoxy Composites Reinforced with Waste Tea Plant Powder and
Boron Nitride Nanoparticles

Hiiseyin KAYA', Miirsel EKREM?

!Department of Machine and Metal Technology, Vocational School of Technical Sciences, Karamanoglu Mehmetbey University,
Karaman, Tiirkiye
’Department of Mechanical Engineering, Faculty of Engineering, Necmettin Erbakan University, Konya, Tiirkiye

Epoxy resins are a type of thermosetting polymer produced from monomers containing at least two epoxy
groups. Advances in material science necessitate the continuous improvement of the performance of polymeric
materials used in engineering applications. Epoxy resins exhibit resistance to scratching, impact, and abrasion
by providing high mechanical strength after curing. These superior mechanical properties are the main reasons
they are preferred in the production of high-performance composite products. Their high corrosion resistance
and durability when exposed to chemical agents for long periods provide a critical advantage in industrial
applications. Thanks to their excellent adhesion properties, strong bonding to various surfaces is possible.
Although they have a wide range of applications due to their superior mechanical, chemical, and electrical
properties, they also have some limitations. One of the most significant limitations is their brittleness and
low fracture toughness. This lack of toughness is a fundamental issue that prevents epoxies from reaching
their full potential in a wide range of applications. This situation necessitates a detailed understanding of the
deformation and fracture mechanisms in the materials and the mitigation of these weaknesses. Hybrid studies
are conducted to improve the mechanical properties of epoxy resins. Hybrid composites aim to overcome the
limitations of a single reinforcement material and improve overall performance through synergistic effects by
combining different reinforcement materials (e.g., natural fibers and nanoparticles). This study investigated
a hybrid approach that combines waste tea plant powder and boron nitride nanoparticles, which offer the
potential for sustainability and performance enhancement. For this purpose, the effects of different ratios of
tea waste powder and boron nitride nanoparticles (BNNP) on the mechanical properties of epoxy resin were
investigated. First, pure epoxy resin was tested using standard dogbone and fracture test specimens to establish
a reference for mechanical strength. Dried tea branches were first broken into fine pieces using a mixer, and
then processed in a ball mill to reach micro-sizes, resulting in a powder. The tea powder was added to the
epoxy matrix at different weight percentages (1% and 2.5%). Subsequently, each tea-reinforced specimen
was modified with the addition of 0.5% BNNP to create hybrid nanocomposites. Tensile and fracture tests
were performed on all specimens according to ASTM standards. The morphology and distribution of the
nanoparticles within the polymer matrix were examined using a Scanning Electron Microscope (SEM).

Keywords: Boron Nitride, Composite Materials, Epoxy Resin, Fracture Toughness, Tea Waste
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Bor Konsantrator Tesisi Kati1 Artiklarindan Sivi Ekstraksiyon Yontemi ile Lityum
Kazaniminin Arastirilmasi

Ceren Uygun', Mehmet Tanriverdi!

!Dokuz Eyliil Universitesi

Lityum (L1), yeni enerji endiistrisinde stratejik bir metal olarak goriilmektedir. Lityumun en yaygin kullanim
alani, kiiresel talebin yaklasik %60’1n1 olusturan lityum iyon pillerdir ve bu talebin her yil %21 oraninda
artmaya devam edecegi ongoriilmektedir. Lityum igeren diisiik tendrlii killer, diinya genelinde umut verici
alternatif lityum kaynaklar1 olarak nitelendirilmektedir. Bu kil kaynaklarinin heterojen bilesimi ve karmasik
yapisi, islenmesini teknik olarak zorlastirmaktadir. Ancak elektrikli ara¢ pazarinin hizla biiyiimesi ve enerji
depolama ihtiyacinin artmasi, siirdiiriilebilir ve verimli lityum ¢ikarma teknolojilerini gelistirmeye, killerden
lityum iiretimindeki tekniksel problemleri c¢oziimlemeye sevk etmektedir. Tiirkiye bor yataklarindaki
killer genel olarak %0,1-0,25 lityum icermektedir. Bu yataklarda yaygin olarak hektorit tipi smektitler
bulunmaktadir. Yapilan ¢alismada, Bigadi¢ bor konsantrator tesisi atik barajindan alinan kil numunelerinde
1823 ppm Li varligi tespit edilmistir. Bu numunelerden s1vi ekstraksiyon yontemi ile lityum kazanim olanaklari
arastiritlmistir. Deneyler atmosferik li¢ kosullarinda yiiriitiilmiis ve li¢ oncesi kavurmanin, ¢ozelti cinsinin
ve konsantrasyonunun, lityum verimi {izerindeki etkisi incelenmistir. Dogrudan li¢ yonteminde ¢6zelti cinsi
incelenmis olup, ayn1 molarite kullanilarak yapilan deneylerde ¢6zelti cinsinin li¢ verimine etkisi H,SO, > HCI
> H,0 seklinde olmustur. Su liginde verim %1’ in altinda iken, HCl liginde %78 Li verimi, H,SO, li¢inde %93
lik bir verim elde edilmistir. Kavurma cinsinin su ligine etkisi incelenmis olup, 900 °C‘de yapilan kavurma
sartlarinda en yiiksek verimin %28 jips katkili olan numunede %51 Li verimine ulastig1 gbzlemlenmistir.

Anahtar Kelimeler: Bor Artig1, Kil Tipi Lityum Kaynaklari, Lityum Ekstraksiyonu, Asit Li¢i, Kavurma
Sonrast Su Ligi
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Niikleer Enerji Santrallarinda Borun Stratejik Kullamimi ve Elektriksel Uygulamalari:
Kontrol Cubuklari ve Atik Yonetimi Perspektifi

Mehmet Bulut!?

"Atilim Universitesi
’Elektrik Uretim A.S Genel Miidiirliigii

Niikleer enerji santrallerinde bor elementinin stratejik kullanimi ve bu kullanimlarin elektrik iiretimindeki
yeri dnemini giin gectikce artirmaktadir. Borun niikleer enerjide yiiksek notron sogurma gibi essiz 6zellikleri,
onu reaktor giivenligi ve verimliligi i¢in vazgecilmez bir malzeme haline getirmektedir. Bu makalede, borun
niikleer santrallerdeki stratejik roliinii, kontrol cubuklar1 ve niikleer atik yonetimindeki kritik uygulamalarini
ele alinmistir. Ozellikle borun nétron emici 6zelligi ile kontrol ¢ubuklar1 teknolojisindeki rolii ve niikleer
atik yonetiminde borun katkilar1 perspektifinden ele alinmakta ve borun kullanimi ile reaktdr giivenligi,
verimliligi ve ¢evresel etkiler degerlendirilmektedir. Calismada, borun niikleer santral performansini ve
siirdiirtilebilirligini optimize etmedeki 6neminin vurgulanmasi, niikleer yakit dongiisiinde gelismis bor igeren
malzemeler ve geri doniisiim konusunda gelecekteki arastirma konularina isaret edilmesi amaglanmistir.
Niikleer enerji sanayii, reaktor tesislerinin giivenligini, giivenilirligini ve uzun vadeli performansini saglamak
i¢in biiyiik 6l¢iide malzeme testlerine basvurmaktadir. Niikleer reaktorlerdeki malzemeler, yiliksek sicakliklar,
yogun radyasyon, asindirici ortamlar ve 6nemli stres ylikleri dahil olmak iizere asir1 kosullarla kars1 kargiyadir
ve bu da zamanla bozulmaya yol agabilmektedir. Bu nedenlerden dolayi, niikleer enerji santrallarinin
malzeme tedarikgileri, zorlu malzeme spesifikasyonlarin1 ve niteliklerini karsilamanin yan1 sira bozulmanin
izlenmesine, tesis Omriiniin uzatilmasina ve gelismis reaktor teknolojilerinin gelistirilmesine yardime1 olmak
icin kapsamli testler yapmaktadir. Niikleer enerji iiretiminde yer alan tiim malzemeler 6nem arz ederken,
bazi malzemeler, ozellikle bor karbiir (B,C) gibi bor i¢eren malzemeler, borun notronlar1 absorbe etme ve
dogru konsantrasyonlarda niikleer fisyon zincir reaksiyonlarini kontrol etme ve hatta durdurma konusundaki
benzersiz yetenegi nedeniyle 6zellikle kritik 6neme sahiptirler. Bor, olaganiistii nétron sogurma o6zellikleri
ve asir1 kosullar altinda kimyasal kararlilig1 nedeniyle uzun zamandir niikleer teknolojide kritik bir element
olarak kabul edilmektedir. Radyasyon emici etkisi nedeniyle bor, niikleer reaktdrlerin kalkanlama, kontrol ve
giivenlik sistemlerinde yaygin olarak kullanilmaktadir. Bor izotoplari, 6zellikle bor-10, bilinen en yiiksek termal
notron kesitlerinden birine sahiptir ve bu da onu reaktor kontrolii, giivenligi ve atik yonetimi uygulamalar1
icin vazgecilmez kilmaktadir. Bor, niikleer reaktor ¢ekirdegindeki kontrol gubuklarinin yapiminda kullanilan
birincil nétron emicidir. Borun niikleer reaktorlerde kullanimi ¢esitli kritik uygulamalarla 6ne ¢ikmaktadir.
En 6nemli kullanim sekli, bor karbiir (B,C) bilesiginin kontrol ¢ubuklar1 iginde nétron emici olarak islev
gormesidir. Bor karbiir, yiiksek notron yakalama kesiti, termal stabilite ve mekanik dayanikliligi ile reaktorde
fisyon reaksiyonlarinin kontrollii ve giivenli yliriitiilmesini saglamaktadir. Borat iyonlarini sicaklifa bagh
bir islemle geri doniisiimlii olarak depolayan iyon degistiriciler, niikleer santrallerin reaktivitesini kontrol
etmek icin bir bor kontrol sistemi saglamak {izere buharlastirici borik asit geri kazanim cihaziyla birlestirilir.
Yiik takip islemleri i¢in bir niikleer reaktore degisen miktarlarda borik asit saglamak tlizere birden fazla
iyon degistirici sirayla ¢alistirilir. Buharlastirici borik asit geri kazanim cihazi, niikleer reaktor i¢indeki bor
konsantrasyonunda biiyiik degisiklikler yapmak i¢in kullanilir. Niikleer endiistride, reaktér sogutma sivisinda
¢Ozlinmiis borik asit, ¢Oziliniir bir reaktivite kontrol maddesi olarak kullanilir. Niikleer santrallerde reaktivite
kontrolii de nétron emici kontrol ¢ubuklari tarafindan saglanir. Bu nétron emme gorevi, kontrol ¢gubuklar1 ve
¢Oziinlir borik asit arasinda en ekonomik ayrimi saglayacak sekilde dagitilir. Tipik olarak, kontrol ¢ubuklar
hizli reaktivite degisimleriyle ilgilenirken, borik asit, reaktor sogutma sivisindaki borik asit konsantrasyonlarini
degistirerek daha yavas ve uzun vadeli reaktivite kontroliinii saglar. PWR reaktor tesislerinde, ¢6ziinmiis borik
asit, borik asit molekiiliinde bulunan bor-10 izotopunun yiiksek termal ndtron yakalama kapasitesi nedeniyle
¢Oziinlir zehir veya kimyasal sim olarak adlandirilir. Borun niikleer reaktdrlerde kullanimi 1950’lerden
itibaren reaktor kontrol ve giivenliginde 6nem kazanmistir. Borun nétron emme kapasitesi nedeniyle reaktor
kontrol ¢ubuklarinda yaygin kullanimi, reaktorlerin stabil ve giivenli ¢alismasina katki saglamistir. Kontrol
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amagcl kullanilan bor bilesikleri teknoloji gelisimiyle ¢esitlenmistir. 11k olarak 1950’lerden itibaren reaktdr
kontrol ¢ubuklari, moderator kimyasallari ve atik yonetiminde kullanim1 yayginlasmustir. Bor karbiiriin (B,C)
dayaniklilig1 ve mekanik 6zellikleri ile birlikte borik asidin basingli su reaktorlerindeki (PWR) rolii, borun
niikleer teknolojide stratejik bir unsur oldugunu gostermektedir. Borun niikleer yakit dongiisiinde dikkat
cekici rolii, kontrol, ¢evresel koruma, atik yonetimi ve elektriksel uygulamalar1 kapsar. Tiirkiye’nin diinya
bor rezervlerinin yaklasik %73 line sahip olmasi, bu teknolojide ulusal {iretim ve gelisim i¢in biiyiik firsatlar
yaratmaktadir. Bor, niikleer enerjide notron sogurucu malzeme olarak yaygin olarak kullanilir ve bu sayede
noétron ¢ogaltma faktoriini degistirerek bir niikleer reaktoriin kontrol edilmesi miimkiin hale gelmektedir.
Saeed, ¢alismasinda, kontrol ve koruma sisteminin (CPS) sogurucu ¢ubuklarinin (AR) bor karbiiriindeki
ve VVER reaktoriiniin sogutucu akiskanindaki borik asit ¢ozeltisindeki '°B izotop igerigi degistirildiginde
VVER tipi reaktor cekirdeginin notron-fiziksel parametrelerindeki degisiklikler ele alinmis ve ayrica
kontrol ¢ubuklarindaki (CR) '°B izotopunun zenginlestirilmesinin artirilmasinin pratikligi analiz edilmistir.
Hesaplamalar i¢in VVER-1200 yakit tertibat1 (FA) modeli kullanilmistir. Hesaplamalar sonucunda, yiiksek
oranda zenginlestirilmis borun CPS ve CR sayisini azalttig1 goriilmiistiir. Buradan, AR’de zenginlestirilmis
bor karbiir kullaniminin, ¢ekirdegin 1/3’linden fazlasinin MOX yakith yakit diizenekleriyle doldurulmasini
miimkiin kildig1 ve ayrica 235U izotopunda yakit zenginlestirmesini %6 ve iizerine ¢ikarabildigi, ancak bunun
normal CR’de miimkiin olmadig1 sonucuna varilabilecegi belirtilmistir. Borun niikleer santrallerdeki stratejik
onemi ¢ok yonliidiir ve giderek artmaktadir. Borun, reaktor kontroliindeki kritik giivenlik fonksiyonlarindan
siirdiirtilebilir atik yonetimi ve elektrik sistemi giivenilirligine 6nemli katkilarina kadar uzanan bir yelpazede
yer almaktadir. Bu ¢alismada, borun niikleer tesislerideki tiim uygulamarimin yanisira kontrol ¢ubuklar1 ve
atik yonetimine odaklanarak niikleer santrallerde borun stratejik 6nemini ele almakta ve bor kullanimiyla ilgili
elektrik sistemi etkilerini incelemektedir.

Anahtar Kelimeler: Niikleer Enerji, Bor Alagimlari, Yakit Cubuklari, Bor Temelli Malzemeler, Atik
Y onetimi

Borik asit + Karbon

|
A

Kanstuma

|
v

Karbotermik indirgeme
v

Bor karbiir parcaciklan

|
v

kmici ile parcalama

i
Sulu isleme ve 6giitme

I
v
Bor Kkarbiir tozu

Bor Karbiir Tozu Uretim Siireci

150 BORON 2025



Fuel Rod

Eti Maden Bor Campus,

@QO N 3-5 December 2025
S/ 2025 Ankara, Turkiye

&% International
. “Boron Symposium

Control
Rod

Moderator

I Adjustable
Height

Kontrol Cubuklari ile Niikleer Yakit Cubuklarinin Konumu

Steel pressure vessel

Reaktor Yapisi i¢inde Kontrol Cubuklar

Bor Bilesiklerinin Ozellikleri

Notron Yakalama Kesiti

Bor Bilesigi (barn) Kullanim Alanm
Bor Karbiir (B,C) 3840 ;En yaygin; kontrol ¢ubuklarinda kul-
anilir
Bor nitriir (BN) 800-1000 Alternatif; 6zel durumlarda tercih edilir
Bor oksit (B,0,) 600-700 Nadiren; 6zel uygulamalarda kullanilir

BORON 2025 Abstract Proceedings Book

151



®
14 3-5 December 2025
Eti Maden Bor Campus,
Ankara, Tarkiye

International
@ Boron Symposium

Rafine ve Atik Bor Minerali i¢ceren Alkali Aktive Baglayici Sistemlerin Gelistirilmesi:
Yasam Dongiisii Degerlendirmesi Temelli Bir Yaklasim

Ezgi Orklemez', Serhan ilkentapar', Ugur Durak', Burak Uzal%, Okan Karahan', Cengiz Duran Atis'

!Erciyes Universitesi
’Abdullah Giil Universitesi

Son yillarda artan ¢evresel kaygilar, ¢gimento iiretiminin yiiksek enerji tiiketimi ve CO, salim1 nedeniyle insaat
sektoriinde siirdiiriilebilir alternatif malzeme arayislarini hizlandirmustir. Tiirkiye, Paris Iklim Anlasmasi
kapsaminda 2050 yilina kadar net sifir emisyon hedefini benimsemis ve 2030 y1lina kadar sera gazi emisyonlarini
%45 azaltmay1 planlamistir. 2050 Net Sifir Karbon Yol Haritas1’na gore, yiiksek enerji tilketimine sahip ¢cimento
endiistrisinin 2050 itibariyla endiistriyel CO, salimlarini 50 milyon ton seviyesine diistirmesi ongoriilmektedir.
Bu hedeflere ulagmak, yenilike¢i, diisiik karbonlu ve ¢evre dostu baglayici sistemlerin gelistirilmesini gerekli
kilmaktadir. Alkali aktive baglayici sistemler ¢imentolu sistemlere alternatif malzemelerdir. Ancak bu
sistemlerdeki ¢evresel ylikiin onemli bir kismi alkali aktivatorlerden kaynaklanmaktadir. Bu ¢alismada, yiiksek
firin clirufu esaslt ve %6 oraninda Na* iceren alkali-aktive harglarda, geleneksel aktivator olarak kullanilan
sodyum metasilikatin (Na,Si0;) %10 oraninda rafine (kolemanit, iileksit, bor pentahidrat) veya atik (kolemanit
at1g1, tinkal atig1, borojips atig1) bor mineralleriyle ikame edilmistir. Bor minerallerinin sodyum metasilikata
alternatif olarak kullanilabilirligini mekanik performans ve c¢evresel etkiler agisindan degerlendirilmistir.
Alkali aktive har¢ deneyleri 23+2°C sicaklik ve %60+5 bagil nem kosullarinda 28 giin boyunca ortam kiiriine
tabi tutulan numuneler iizerinde gerceklestirilmistir. Basing dayanimi sonuglarina gére, Portland ¢imentolu
har¢ (PC) 47,5 MPa ve ciiruf esasl referans karisim (Ref-6N) 36,27 MPa dayanim degerine ulagsmistir. %10
oraninda bor ikamesi yapilan har¢larin dayanimlari, PC harciyla karsilastirilabilir diizeyde veya daha yiiksek
bulunmustur. (%10 tileksit 50,09 MPa, %10 bor pentahidrat 49,63 MPa ve %10 tinkal atig1 49,88 MPa). En
yliksek basing dayanimi ise %10 borojips atig1 igeren harcta 55,90 MPa olarak elde edilmistir. Yasam dongiisii
degerlendirmesi, besikten kapiya yaklasimiyla CML-IA yontemi kullanilarak 1 m?*/MPa fonksiyonel birimi
iizerinden SimaPro Expert v9.5 yazilimi ile gerceklestirilmistir. Sonuglar, bor ikameli harg¢larin tiim ¢evresel
etki kategorilerinde PC karisima kiyasla daha diisiik degerlere sahip oldugunu ortaya koymustur. Kiiresel
1sinma potansiyeli (GWP), PC harcinda 17,8 kg CO,-eq iken, %10 borojips atig1 iceren karisimda 8,64 kg
CO,-eq olarak belirlenmis ve bu durum yaklasik %51 oraninda emisyon azaltimi saglamistir. Benzer sekilde
borojips atig1 ikamesi, fosil yakit tikketimi (AD-FF) PC’de 148 MJ’den 110 MJ’e diiserek yaklasik %25 enerji
yilesmesi gostermistir. Genel olarak, borojips atig1 igeren harg, CO, emisyonu, enerji tiiketimi, toksisite
ve ekotoksisite kategorilerinde en diisiik ¢evresel etkilere sahip sistem olarak 6ne ¢ikmistir. Bulgular, bor
bilesiklerinin yalnizca mekanik performansi artirmakla kalmayip, ayn1 zamanda ¢evresel etkileri azaltict bir
etkiye sahip oldugunu gostermistir. Ayrica, alkali aktive sistemlerde ¢evresel yiikiin temel olarak aktivatorden,
cimentolu harglarda ise ¢imento iiretim siirecinden kaynaklandig1 sonucuna varilmaistir.

Anahtar Kelimeler: Alkali Aktive Harclar, Atik Bor Mineralleri, Rafine Bor Mineralleri, Yasam Dongiisii
Degerlendirmesi, Yiiksek Firin Ciirufu
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Thermal Management Enhancement of Type-IV Hydrogen Storage Tanks Using h-BN
Reinforced Composites: A COMSOL Multiphysics Study

Bedirhan Giines', Berdan Sakalli', imdat Emirhan Ozcan!, Miisliim Giiven', Cennet Y1ldirim Elgin'?

"Turkish Energy, Nuclear and Mineral Research Agency (TENMAK), Boron Research Institute (BOREN), 06530, Cankaya/Ankara,
Tiirkiye
’Istanbul Technical University, Department of Metallurgical and Materials Engineering, 34467, Tiirkiye

Type-1V hydrogen storage tanks are predominantly used in fuel-cell electric vehicles (FCEVs) due to their high
strength-to-weight ratio, corrosion resistance, and superior fatigue performance. However, the rapid filling
of hydrogen gas generates a significant temperature rise within the polymer liner and composite overwrap,
potentially undermining structural integrity, accelerating material degradation, and compromising overall
system safety. In this study, a simulation-driven thermal management approach was adopted to investigate
the influence of hexagonal boron nitride (h-BN) reinforcement on the transient thermal response of a Type-
IV hydrogen storage vessel. The computational analyses were conducted using the COMSOL Multiphysics®
software, specifically employing the Heat Transfer in Solids and Laminar Flow modules to model the coupled
thermo-fluid behavior during high-pressure hydrogen charging. A composite overwrap consisting of carbon
fiber/epoxy reinforced with 3 wt.% h-BN and a polyamide liner containing 10 wt.% h-BN was evaluated
under rapid-filling boundary conditions. The temperature evolution, spatial heat distribution, and peak
temperature localization were systematically compared against baseline, non-reinforced materials. Simulation
results reveal that h-BN-modified materials exhibit markedly enhanced thermal conductivity, enabling a more
homogeneous temperature distribution and effective mitigation of hot-spot formation during rapid hydrogen
loading. This improvement in heat dissipation capacity demonstrates the crucial role of h-BN as a thermally
conductive additive, significantly improving thermal management efficiency and expanding the safety margins
of composite hydrogen storage systems.

Keywords: Thermal Management, Type-IV Hydrogen Tank, Hexagonal Boron Nitride, Heat Transfer Analysis
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