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INTRODUCTION

Mesostructured materials with well-ordered molecular sieves have garnered significant attention from the
scientific community, owing to their remarkable characteristics in different catalytic applications. In this regard,
mesostructured metal oxides characterized by their extensive surface area have attracted considerable attention
given their capability to interact with molecules, ions, and atoms®. CeO, has multiple applications in
heterogeneous catalysis due to its redox properties, and high oxygen mobility. However, its application in
catalysis can be constrained due to its non-porous structure. Despite different authors have reported the synthesis
of mesostructured ceria, so far there is no suitable synthesis for these structures in terms of the ordering degree
and thermal stability?.

EXPERIMENTAL/THEORETICAL STUDY

There are different methods to synthesize ordered porous metal oxides: soft-templating, hard-templating, or
colloid crystal templating. In this work, mesostructured CeO, was prepared via nanocasting by incorporating
ceria precursors, Ce(NOs)s-6H20 or CeCls-7H,0, onto SBA-15 used as template. The procedure was repeated six
times to evaluate differences in the textural properties of the prepared nanocomposites before removing the SBA-
15 with a 2 M solution of NaOH. All the prepared materials were characterized by XRD, N2-physisorption, and
TEM.

RESULTS AND DISCUSSION

After the successive impregnations on the SBA-15, there is a
gradual increase in CeO; crystallites reaching values near the
maximum pore size of the template. Differences in the
crystallite distribution within the SBA-15 channels can be
distinguished, with a better distribution with CeCl; After the
SBA-15 removal, mesoporous ceria particles were calcined at
600 °C and subsequently characterized. In this sense, Fig.1 £ g ol Ly
shows the TEM micrographs after 5 successive impregnations, — r; g. 1. TEM images after 5 impregnations of SBA-15
where smaller mesoporous CeO, particles with a low degree with Ce(NOs)s (A) and CeCl; (B)

of order can be appreciated for the sample synthesized with

Ce(NO:s); leading to slightly higher BET surface areas. On the contrary, more ordered structures using CeCls were
obtained in line with the expected inverse structure of SBA-15, even for three impregnations.

CONCLUSION

Mesostructured ceria was synthesized via nanocasting using Ce(NQs)s and CeCls as ceria precursors and SBA-15
as the template. The results showed more ordered structures when using CeCls as precursor making easier its
diffusion through both mesopores and micropores of SBA-15 material.
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INTRODUCTION

Taking advantage of both naturally derived polymers and nanostructured materials?, in the current study, we
propose new multicomponent hydrogels double reinforced with two complementary nano-fillers developed for
bioprinting-based tissue engineering applications.

EXPERIMENTAL STUDY

Cellulose nanofibrils (CNFs) and polyhedral silsesquioxanes (PSS) nanoparticles were immobilized in a
photopolymerizable gelatin-pectin matrix. The methacryloyl derivatives of the biopolymers were crosslinked
using UV-light to provide optimal conditions for cell encapsulation purposes. The nanocomposite bioinks were
supplemented with bone morphogenetic protein 2 (BMP2) to maximize the function of preosteoblasts already
engaged to the osteogenic lineage. The 3D-scaffolds’ morphology was investigated focusing on PSS dispersion,
porosity, and geometrical features of constructs. Bone formation in non-osteogenic and in osteogenic area was
performed using CD1 mice?.

RESULTS AND DISCUSSION

Swelling investigation revealed that all the scaffolds maintained their hydrophilic character with a slight
decreasing tendency of the swelling capacity when PSS nanoparticles were incorporated. The in vitro
cytocompatibility tests indicated a beneficial influence of CNFs and PSS nanoadditives for cell growth. In vivo
studies revealed that hydrogels supplemented with nanostructured fillers and BMP2 promote improved
osteogenesis both in osteogenic and nonosteogenic area. Such behaviour indicated that the scaffolds reinforced
with osteogenic growth factors have a big potential to respond to the challenges of the biomaterials and could be a
promising option for the regeneration of hard tissues.

CONCLUSION

New bioinspired multi-material nanostructured scaffolds based on natural origin hydrogels and two types of
nanomaterials were fabricated through 3D printing. In vitro and in vivo testing indicated the potential of BMP2
bioactivated scaffolds to induce enhanced bone regeneration.
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INTRODUCTION

Fuel cells (FCs), the most promising power sources for stationary and portable electronic devices, represent an
alternative for decentralized energy production and long-distance transport, with applications already successfully
employed in automotive, aerospace, and maritime transportation. FCs are electrochemical cells that catalytically
convert the chemical energy of a fuel (hydrogen being the most common) and an oxidizing agent into electrical
energy through coupled redox reactions. Among them, proton exchange membrane fuel cells (PEM FCs)
demonstrated indisputable relevant advantages such as renewable source with very low emissions, low operating
temperature, high energy efficiency and modularity. Substantial progress has been achieved in MEA
development, however more efforts are needed to improve catalyst performance and durability and to reduce
production costs, so that FCs can compete with combustion engines. Both performance and durability issues are
directly associated with the materials and efficiency of the MEA, which consists of the proton exchange
membrane and a catalyst-supporting (anodic or cathodic) gas diffusion layer (GDL). The GDL development
secures a good electrical contact between mentioned layers (i.e. the catalyst layer and PEM), allowing the
obtaining of high current densities without excessive cathode overpotentials or cell voltage losses.

EXPERIMENTAL/THEORETICAL STUDY

The scope of this paper is to develop, demonstrate, and validate integrated graphene-based electrodes for PEM
FCs, that incorporate both gas-diffusion and catalytic layers in a single-layer assembly, and are realized by
advanced physico-chemical methods: microwave and chemical processing.

RESULTS AND DISCUSSION

Through this paper, we specifically aim the MEAs of PEM FCs, targeting to produce graphene-based electrodes,
including both microporous and macroporous layers as well as catalyst supports providing integrated catalytic
layers, for both anode and cathode. The electrodes will use as catalyst, the noble and/or non-noble nanoparticles
supported on reduced graphene oxide (rGO) prepared mainly by the microwave-assisted technique. The method
brings notable advantages such as low cost, simplicity, short reaction time and overall high productivity in
comparison to SoA chemical methods.

This paper assumea comprehensive testing according to the protocols established by the US Department of
Energy (the PEM FC industry standard) in our dedicated facilities. Following ex situ electrochemical
measurements, in situ measurements will be carried out in a dedicated PEM FC system with active area of 25 cm?.
The strong dependence to the operation conditions makes sense to include the anticipated degradation as
mandatory durability test. Several configurations including developed cathodes will be taken into consideration.
Experimental tests will evaluate: the behavior in repeated on/off cycles, the transitory response at various charge
levels, functionality at temperatures between 40 and 80 °C, and the response function for flow and pressure
modifications for hydrogen and air supply.

CONCLUSION

The graphenic materials yielded by both microwave and chemical methods are tested and optimized for use as FC
components. These can potentially replace the time-consuming and costly methods that currently dominate the industrial
manufacturing of nanocarbonic materials for FC components, offering a competitive advantage to the national initiative in
hydrogen economy.
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INTRODUCTION

Zinc oxide (ZnO) is a versatile semiconductor known for its excellent optical properties and high photo-
redox capability [1]. Furthermore, combining m-conjugative materials such as g-CsNs with ZnO can
effectively reduce its band gap and enhance the overall performance [2]. The novel Nitrogen-doped g-C3N4
(NCN) / Neodymium-doped ZnO (ZnO:Nd) Z-scheme heterojunction was eco-friendly fabricated, and its
photocatalytic ability was evaluated toward tetracycline antibiotic.

EXPERIMENTAL/THEORETICAL STUDY

ZnO:Nd nanoparticles were synthesized using a precipitation method using pomegranate peel extract (PPE).
For NCN fabrication, urea and pomegranate peel fine powder were heated in a muftle furnace at 550°C.
For NCN/ ZnO:Nd nanohybrid (NZ) fabrication, the synthesized powders were mixed physically by bath-
sonication. After that, the suspension was washed with Ethanol and freeze-dried.

RESULTS AND DISCUSSION

Various characterization techniques confirmed the successful fabrication of NZ catalysts. The Field
emission scanning electron microscopy (FESEM) and transmission electron microscopy (TEM)
micrographs reveal that ZnO:Nd nanoparticles are tightly anchored onto the porous NCN matrix, forming
a robust Z-scheme heterojunction. The photocurrent results imply that the NZ sample generates a greater
number of photogenerated carriers due to its enhanced charge transfer efficiency and light utilization.
Therefore, the NZ photocatalyst exhibits superior degradation of tetracycline as a common pharmaceutical
pollutant. < 20) TG
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Scheme 1. Nd-doped ZnO Nanoparticles decorated N-doped g-C3sNy4 synthesized using a green route.

CONCLUSION
This work affords a rational method to construct a Z-scheme heterostructure, fulfilling the criteria of
environmentally friendly and sustainable chemistry to perform well for wastewater pollutants degradation.
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INTRODUCTION

Graphene materials are recently finding very interesting applications in innumerable technological fields as result
of their particular physico-chemical properties. Membrane technology is one of these fields of interest?, in
particular for graphene oxide (GO) and reduced graphene oxide (rGO). GO membranes have been reported to
allow selective transport of ions, whereas they can be leak-tight to gases.? In this study, the proton transport
properties of GO laminates have been evaluated and are presented together with their morphological and
physicochemical characterization, including their mechanical resistance. Their potential to be used as membranes
in electrochemical cells for hydrogen conversion is discussed.

EXPERIMENTAL STUDY

GO films of different thicknesses have been prepared in the range between 5 and 30 microns to evaluate their
characteristics and properties as ion exchange membranes for electrochemical cells. Different techniques have
been applied for their characterization. Measurements of mechanical resistance and hydrogen permeation tests at
different temperatures and values of relative humidity have been performed. SEM examination of GO laminates
gives evidence of their internal structure. They have been tested as ion exchange membranes in electrochemical
cells.

RESULTS AND DISCUSSION

The prepared laminates consist of stacked GO layers with a “mille-feuille”- like structure, as shown in Fig. 1.
These sheets exhibit outstanding mechanical resistance even under high relative humidity at high temperature.
Results of performance tests in cells are discussed at the light of the obtained characterization results.

Fig. 1 SEM image of ection of the

laminates prepared.

CONCLUSION
The study provides evidences of the great potential of graphene oxide laminated to be applied as ion exchange
membranes in electrochemical cells.
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INTRODUCTION
Research related to graphene has primarily focused on the study of synthesis methods and their application in the energy
field. Based on our literature review, despite the extensive amount of research related to graphene, more than 200,000 studies
since 2010 in the ScienceDirect database, we have not identified technical and economic studies that fully support these
claims®. We propose an alternative microwave process for synthesizing graphene from cellulose King Grass biomass source
as an economical raw material, which reduces process costs.
EXPERIMENTAL/THEORETICAL STUDY
Graphene was carried out on a laboratory scale based on one of the experimental procedures indicated in Patent
ES2804948T32. To do this, cellulose was first obtained by delignification of the biomass of King Grass grass and monthly
production was planned considering 26 batches (including additional time for loading, unloading and cleaning equipment). In
each batch, only 153 grams of King Grass were processed. The commercial values of the substances will be estimated based
on different sources (Sigma-Aldrich and Merck, various websites, among others).
RESULTS AND DISCUSSION
Spectra of the materials show a pronounced UV absorption band at 270 nm assigned to the sp2 hybridization of the C=C
bonds of graphene. In addition, Raman spectra include the G peak around 1580 cm-1 and the 2D peak around 2700 cm™.
These peaks are attributed to the in-plane vibrations of sp2 carbon atoms and second-order zone boundary phonons,
respectively. The presence of the D peak at 1336 cm™ is indicative of first-order zone boundary phonons, suggesting the
existence of defects or edge effects in the graphene. Technical-economic analysis highlights in its three profitability
parameters (Net Present Value: NPV, Internal Rate of Return: IRR, Benefit-Cost Ratio) that the benefits are greater than the
costs, where the income is sufficient to cover the expenses of the project, thus generating economic profits.

gt 10 Table 2. Results of the economic prefeasibility
e 2 study (Thousands of dollars).
D Item Value
S i Initial investment 154.4 USD
2o i, Depreciation 4.8 USD
00s 2 Salvage Value 46.7 USD
Qmzuo 0 w00 500 500 700 800 o w00 aom 2 soo amo a0 NPV 2836.4
Hove e IRR 4215 %
Figure 1. UV-vis absorption spectra Figure 2. Raman spectra of | Benefit/Cost ratio 37.74
of commercial and synthesized commercial and synthesized
graphene. graphene.
Table 1. Income and Investments during the useful life of the project (Thousands of dollars).
Period 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Sales 58396 6044 6253 6473 6701 6933 717.6 7429 7687 7955

investment 126 131.6 138 144.6 151.5 158.7 166.4 174.3 182.7 180.2
CONCLUSION
The results demonstrate that obtaining graphene from King Grass waste on a laboratory scale is technically and economically
viable under current conditions, as revenues exceed expenses. Therefore, it is necessary to thoroughly analyze the possibility
of implementing this production system on a pilot or industrial scale, as there is a business opportunity that would make
future investment in graphene production attractive.
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INTRODUCTION

In recent years, innovative methods have emerged focused on the use of solvents and ultrasound, with the aim of
reducing production costs and using more environmentally friendly raw materials. In general, this scientific
research shows that, although graphene is obtained by this method, both the yields for obtaining graphene and its
concentration continue to be very low, which shows that to date there is a significant deficiency in the different
studies carried out, which lies in the lack of information on the yields obtained in the graphene synthesis process.
This information gap extends from the pretreatment of the raw material to the final phase of material synthesis.

EXPERIMENTAL/THEORETICAL STUDY

Graphene was obtained through the exfoliation technique (from graphite carbon previously extracted from BIL) in
the liquid phase, assisted by focused ultrasound using deionized water as a solvent.

RESULTS AND DISCUSSION

UV-Vis spectra of all materials showed a band at 265 nm assigned to the sp2 hybridization of the C=C bonds of
graphene. Furthermore, the Raman spectra and the lxp/lc and Ip/lg ratios confirm the obtaining of multilayer
graphene. However, the yields obtained for both the decanted material and that dispersed, demonstrate that
graphene of different qualities is produced in both portions of the material, which suggests a separation of both
materials for their respective applications. Furthermore, dispersed materials always reveal greater surface area.

Table 1. Physicochemical properties of raw materials, commercial materials and graphene obtained.
. Graphene
BET Surface Average Pore Average Pore Yield -

No. Code Area (m?/g) | Volume B?]H (cm?®/g) Diame'?er (nm) (%) Co?rizn/git;on lzofle | Tofle
1 | GfC 2.11 0.008 15.45 - - 0.66 | 0.60
2 GPi-Samsung 5.74 0.024 18.89 - - 0.70 | 0.67
3 | GPi-Nokia 5.13 0.036 22.35 - - 0.68 | 0.65
4 | Gn-C 49.05 0.096 11.97 - - 0.66 | 0.46
5 | Gn-S5-2h-De 5.01 0.021 2253 94.74 0.751 053 | 0.18
6 | Gn-S5-2h-Di 14.39 0.060 22.85 5.26 0.435 0.46 | 0.46
7 | Gn-S8-2h-De 4.81 0.020 23.09 93.01 1.503 0.48 [ 0.19
8 | Gn-S8-2h-Di 14.75 0.060 17.63 6.99 1.232 051 | 0.32
9 | Gn-P7-S5-2h-De 6.44 0.032 21.41 95.04 0.203 0.15 | 0.21
10 | Gn-P7-S5-2h-Di - - - 4.96 0.102 0.42 | 0.29
11 | Gn-P7-S8-2h-De 8.21 0.036 18.88 94.58 0.203 022 | 0.16
12 | Gn-P7-S8-2h-Di - - - 5.42 0.102 0.42 | 0.24
13 | Gc-S5-2h-De 3.18 0.010 24.75 95.54 0.430 0.44 | 0.08
14 | Gc-S5-2h-Di 6.97 0.030 38.00 4.46 0.231 0.52 | 0.15
15 | Gec-S8-2h-De 2.06 0.005 39.73 94.24 0.986 051 | 013
16 | Gc-S8-2h-Di 3.39 0.020 37.56 5.76 0.743 0.63 [ 0.18

CONCLUSION

This work demonstrates that it is possible to valorize the anodic graphitic material waste from spend Li-lon batteries (BIL) as
inputs to obtain multilayer graphene carbonaceous materials to be used in different applications by exfoliation in the liquid
phase; a simple, economical and environmentally friendly method.
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INTRODUCTION

In recent times, the escalation of global warming threats stemming from fossil fuel consumption has become more
pronounced. A crucial technological advancement lies in effectively storing hydrogen and methane to enhance
their utilization in electric vehicles fueled by these gases. Hydrogen Fuel Cell Electric Vehicles (HFCEV) offer a
carbon dioxide-free alternative, while Natural Gas Vehicles (NGV) aid in diminishing greenhouse gas emissions.
The primary challenge is the quest for lightweight solid materials capable of storing hydrogen and methane gases,
thereby achieving comparable autonomy to traditional fossil-fuel vehicles. MOFs (Metal-Organic Frameworks)
are a large group of light solid porous materials with many technological applications, including gas storage.

THEORETICAL STUDY

Researchers from the Jilin University synthesized recently novel JLU MOFs [1]. GCMC (Grand Canonical Monte
Carlo) simulations have been carried out at room temperature and pressures from 0.5 to 35 MPa to assess the
hydrogen and methane storage capacities, along with isosteric heats, porosities, densities and pore radii, of two of
those novel JLU MOFs, namely JLU-MOF120 (Bi based) and JLU-MOF121 (In based). GCMC simulations were
also performed under identical conditions for different groups of MOFs: classical, rest-JLU (the rest of JLU
MOFs) and MOFs with similar carbon/metal ratio.

RESULTS AND DISCUSSION

The simulations uncovered that these two newly developed MOFs showcase similar storage capabilities for
hydrogen and methane at ambient temperature across pressures from 0.5 to 35 MPa. Particularly noteworthy is
their performance at pressures between 25 and 35 MPa, which stands on par with top classical MOFs and other
JLU MOFs, even surpassing capacities seen in MOFs incorporating Bi, In, P, Sb, and Al. However, it's essential to
highlight that the best classical and rest-JLLU MOFs still exhibit superior gravimetric and volumetric capacities for
both hydrogen and methane compared to the two JLU-MOFs under scrutiny. Specifically, at 298.15 K and 25
MPa, the JLU MOFs demonstrate usable gravimetric and volumetric hydrogen storage capacities of roughly 2.3
wt.% and 0.015 kg/L, respectively. For usable methane storage at room temperature and 25 MPa, the JLU-MOFs
showcase gravimetric and volumetric capacities ranging from 20 to 22 wt.% and from 0.16 to 0.18 kg/L,
respectively. The results consistently show that these capabilities are not influenced by the particular type of metal
atom involved. Additionally, they illustrate a reverse relationship with density, yet a direct association with
porosity and pore size. The storage capabilities of the two studied JLU MOFs are credited to their significant
porosity, low density, and relatively wide pores.
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INTRODUCTION

Renewable hydrogen (H) is postulated as a key solution for the decarbonization of the economy and the reduction of
dependence on fossil fuels. H, can be obtained by solar-driven thermochemical water splitting, which is less developed than
electrolysis but also ensures obtaining green H, from H,O, using renewable energy and with zero CO; emissions [1]. In a
two-step thermochemical cycle, a metal oxide is thermally reduced at high temperature (usually higher than 1200-1300 °C),
releasing O, and then it is reoxidized with H,O vapor (< 1000 °C), producing H, and recovering the starting material. A
considerable number of metal oxides have been explored in the literature looking for decreasing the temperature required for
the reduction step. Among them, perovskites (ABOs.5) have been proposed as a potential alternative reaching considerable
results at reduction temperatures < 1100 °C [2]. Additionally, a proper integration with concentrated solar devices is
necessary for furthermore realistic scale application, developing manufacture methods for macroscopic structures for their
use in solarised reactors under real operating conditions [2]. Consequently, in this work, the H, and O production curves of
Lao6Sro.4Coo2Fe0s03:5 perovskite shaped into RPC (Reticulated Porous Ceramic) macroscopic structures were evaluated for
optimize the H, production by thermochemical H,O splitting at moderate temperature.

EXPERIMENTAL/THEORETICAL STUDY

The perovskite LagsSro.4Coo2FeqsOs+s Was synthesized by reactive grinding using a planetary ball milling (PM-100, Retsch)
and then characterized by XRD, ICP-AES, TGA and SEM to confirm the perovskite structure. The RPC was prepared
following the replica method described elsewhere for other metallic oxides [3], but optimizing the preparation steps (slurry
composition, impregnation, and calcination) for this perovskite. The activity of the RPC structure was evaluated in an
experimental system with a high temperature tubular furnace operating isothermally at 1000 °C for both reduction and
oxidation steps and coupled to a gas analyzer to measure the amount of O, and H; produced during the thermochemical cycle.

RESULTS AND DISCUSSION

Complete reduction and reoxidation of the RPC at 1000 °C allow obtaining a H, production of 16.00 + 0.03 cm® STP/material
in a complete cycle of 143 min (average production rate of 0.112 + 0.03 cm® STP/gmateriai-Min along the cycle). However, the
final part of reduction and oxidation is slower than each initial step. Consequently, a thorough evaluation of the H, and O,
production rate reveals that a partial thermal reduction of 75 % (instead of 100 %) followed by oxidation, theoretically
maintains a remarkable production of 12.97 + 0.06 cm® Hy STP/gmateriar, Ut decreasing the total time required for the cycle
from 143 to 67 min (0.194 * 0.02 cm® STP/Ymateriai-min). This result was experimentally corroborated, obtaining a hydrogen
production of 12.35 * 0.05 cm® STP/gmateriar and a production rate of 0.182 + 0.02 cm® STP/Qmateriai-min, that were maintained
during several consecutive cycles.

CONCLUSION

A proper control of the reduction step degree allows it to be carried out up to a partial extension of 75 % which allows to
obtain in the subsequent reoxidation step a H, production rate 62.5 % higher than imposing a complete reduction step during
the thermochemical water splitting. These results are the first step for conceptual design, analysis, and optimization of
operation conditions of solar plants for H, production by thermochemical water splitting.
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INTRODUCTION

An early and accurate diagnosis of a specific DNA mutations has a decisive role for effective treatment.
Especially, when an immediate decision on treatment most needs to be made, the rapid and precise confirmation
of clinical findings is vital. One of the methods allowing for quick identification of biomolecules is SERS
spectroscopy. In SERS spectroscopy, the efficiency of the generation of Raman signal increases by many orders
of magnitude for molecules located close to the plasmonic systems (known as SERS substrates). In some
cases, the efficiency of the Raman signal generation is so large that it is possible to obtain a good quality Raman
spectrum of a single molecule. An important aspect when conducting research with this technique is the
amplification of the signal with appropriately selected material. Currently, the dominant method of producing
nanomaterials for medical analytical SERS measurements is to create a repetitively nanostructured surface from
a non-metallic material (e.g. GaN or Si) and then spray a layer of the plasmonic metal onto the resulting substrate.
In this work, we highlighted the innovative use of Surface Enhanced Raman Scattering (SERS) as a technique for
DNA identification, focusing specifically on our novel SERS-based DNA biosensor for the detection of mutations
in real clinical samples.!

EXPERIMENTAL/THEORETICAL STUDY

The main techniques used to carry out these studies were scanning electron microscopy (SEM), utilized for the
structural characterization of the substrate. The performance of the constructed DNA sensor was monitored using
surface-enhanced Raman spectroscopy.

RESULTS AND DISCUSSION

The proposed bioactive platforms were based on nanostructured GaN substrates, obtained using photoetching
process, and sputtered with different plasmonic metal films. The discussion focuses on the versatility
of constructed SERS DNA biosensor in detecting genetic mutations, emphasizing its potential in identifying
diverse mutation types with high sensitivity. The identification mechanism in the developed SERS DNA sensor
relies on the conformational change (from gauche to trans) of 6-mercaptohexan-1-ol chemisorbed onto
nanostructured surfaces. These alterations occur after the hybridization in the presence of the target DNA within
the analyzed sample. To evaluate the effectiveness of the novel sensor, we examined different mutation variants
in the BRCAL genes, which causes the increased risk of developing breast cancer. In our study, we used DNA
sequences representing fragments of the BRCAL gene, specifically focusing on pathogenic variants that are
prevalent in the population of Poland. During the experiments, we assessed the selectivity of the assay for
mutations beyond the specific one targeted by the probe DNA. Additionally, we examined the assay's selectivity
in a mixture containing both mutated and non-mutated strands. Furthermore, we also discuss the challenges and
future prospects associated with implementing SERS DNA biosensor in clinical diagnostics.

CONCLUSION

In conclusion, our investigation centered on bioactive platforms built upon nanostructured GaN substrates with various
plasmonic metal films and underscore the significant influence of the nanostructured surface for efficacity of SERS DNA
sensor.
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Production and properties of MoS2 and WSz mesoporous layers
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Two-dimensional transition metal dichalcogenides (TMD) attract attention, in particular, due to
their properties prospective for numerous applications. A chemical vapor deposition (CVD) is used
in this work for production of coatings consisting of tiny flake-like crystallites oriented
perpendicular to substrate surface and forming mesoporous layer. The gaseous H>S and metal (Mo
and W) vapor are used as precursors for the CVD synthesis on substrates of different types,
including Si and Si02/S1, quartz, mica, Al2O3 ceramic and other. Atomic structure and morphology
of the layers are investigated with scanning and transmission electron microscopy. The typical
SEM image of the CVD layer is presented in Fig. 1. HRTEM imaging indicates presence of 1 to
10 single layers in the flakes.

Fig. 1 Typical SEM image of the mesoporous MoS2
layer produced with CVD and consisting of flaky
crystallites oriented perpendicular substrate surface.
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The samples of the CVD grown layers are characterized with Raman, optical absorption and
photoluminescent spectroscopy. Electrical resistivity of the film materials is measured during
deposition process. Fig. 2 shows dependence of photoluminescent spectra of MoS> and WS>
deposits measured at for the samples obtained with different deposition process durations (for
MoS,) and different distances from source of evaporated metal to substrate (for WS). Material
formation mechanism is proposed on basis of obtained results analysis.
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Fig. 2 A set of photoluminescent spectra of MoS> (a) and films at different deposition times (a); a

set of photoluminescent spectra of WS, films at different distances between source of evaporated

metal and substrate (b). The scaling factors given at each spectrum indicate ratio of the

photoluminescent signal to Raman intensity.
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INTRODUCTION

Electronic properties of ultrathin dielectric films consistently attract much attention since they play important
roles in various electronic devices, such as field effect transistors and memory elements. The dielectric strength of
the insulating film limits how much energy can be stored in nanocapacitors. Mechanisms of the energy loss in the
nanoscale-dielectric-layer capacitors are not yet well understood. If the leakage current can be reduced and the
dielectric strength increased, then nanocapacitors could be used for energy storage. Our research shows that
efficient energy storage is possible in nanocapacitor cooled to cryogenic temperatures.

EXPERIMENTAL/THEORETICAL STUDY

First, | will discuss optically transparent Al-Al203—-graphene nanocapacitors suitable for studying electronic
transport in calibrated nanoscale dielectric films under high electric fields and with light exposure. With this
device we observe photon-assisted field emission effect, in which the effective barrier height is reduced by a
guantity equal to the photon energy. Another finding is a reversed photoeffect.

RESULTS AND DISCUSSION

The main mechanism of energy loss in capacitors with nanoscale dielectric films is leakage currents. Using the
example of Al-Al203-Al nanocapacitors, we show that there are two main contributions, namely the cold field
emission effect and the hopping conductivity through the dielectric. We demonstrate that a significant amount of
energy can be stored in the dielectric layer at low temperature, at which hopping conductivity is negligible. Our
main finding is that high electric field, ~0.6-0.7 GV/m, causes electrons to penetrate the dielectric and can be
used to store energy in the dielectric and, also, to create Coulomb barrier for charge leakage.
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Fig.1 (left) Effect of light exposure on the leakage current. (right) Penetration of charges into alumina.

CONCLUSION

The dielectric strength (breakdown electric field) can increase dramatically if the dielectric layer thickness is reduced to a few
nanometers. Hopping conductivity is drastically reduced at cryogenic temperatures. Thus, the leakage current becomes
undetectable (practically zero). Charge and energy can be reliably stored in the dielectric nanometer-thick alumina films at
liquid nitrogen temperature. The stored charge can be released and measured by increasing temperature.
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INTRODUCTION

Conjugated polymer nanoparticles (CPN) represent a promising platform for biomedical applications of
nanomaterials, particularly in the realm of theranostics, where they offer properties that allow simultaneous
diagnostic imaging and optically-activated therapeutic interventions. However, their properties as theranostic
probes depend strongly on their composition, fabrication and functionalization, with some aspects of these inter-
relations not yet fully investigated'. This work aims to address some of these omissions.

EXPERIMENTAL/THEORETICAL STUDY

Several types of CPNs, consisting of three different conjugated polymer (CP) cores (PTB7, CN-PPV and MEH-
PPV) and different shell materials (bare, PSMA, F127) were fabricated and characterized in terms of their
physical, optical and photosensitizing properties. Samples were also tested in various cell lines (A549, HaCaR,
HelLa and 3T3) to evaluate their potential as bioimaging and photodynamic therapy probes.

RESULTS AND DISCUSSION

CPNs of various compositions were produced using the nanoprecipitation method. The absorption and emissions
properties were found to depend mostly on the CP in the core of the nanoparticle. However, the stabilizing shell
of the CPN was found to modify these properties to a degree, corresponding to changes in the packing of the CP
chains within the nanoparticles. The selection of shell material was found to have a profound impact on the
photosensitizing properties of the CPNs, with PSMA shells often having a detrimental influence on the generation
of reactive oxygen species, and the pluronic F127 shell having little or positive impact when compared to bare
CPN particles. Furthermore, the stabilizing shell of the nanoparticles was found to strongly affect the attachment
of the CPNs to cells, with PSMA shell yielding strong non-specific attachment. Contrary, stabilization of CPNs
with pluronic F127 resulted in little non-specific attachment to cells, offering an opportunity for further
functionalization of such particles for targeting applications.

CONCLUSION

In conclusion, this study highlights the critical role of composition and surface functionalization in modulating the properties
of CPNs for theranostic applications. The choice of core CP and stabilizing shell material significantly influences the optical
and photosensitizing properties as well as cellular interactions of CPNs. Specifically, while PSMA shells may compromise
photosensitizing capabilities and induce non-specific cell attachment, pluronic F127 offers a promising avenue for
minimizing non-specific interactions and facilitating targeted applications. These findings underscore the importance of
tailored design strategies in optimizing CPN performance for enhanced theranostic.
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INTRODUCTION

Plasmonic nanoparticles are attracting much interest in the recent literature [1]. Their optical properties have been intensively
studied [2] by different experimental and theoretical techniques. Recently, superparticles obtained by the hierarchical
assemblies of colloidal nanoparticles have shown great promise in transitioning materials from the nanoscale to the
mesoscale, building artificial materials with new properties stemming from the crosstalk between constituent nanoparticles.
[3] While significant advances have been made in the self-assembly of semiconductor nanoparticles [3] the fundamental
photophysics which governs their optical response remains largely unclear. In particular, little information is available on the
dynamics of photoexcited superparticles made from the ordered assembly of plasmonic nanoparticles.

EXPERIMENTAL STUDY

The study was mainly performed by transient absorption spectroscopy.

RESULTS AND DISCUSSION

We synthesized superparticles (SPs) with a size of about 200-300 nm (Figla) starting by the self-assembly of 5
nm gold nanoparticles (AuNps) by an oil-in-water emulsion template technique. During the synthesis, the
environment conditions, and the length of the ligands between the nanoparticles have been changed.

The optical properties of the SPs were studied by steady state absorption spectroscopy and by transient absorption
spectroscopy (TA) in order to reveal the difference between the isolated AuNps and the self-assembled SPs.

The absorption profile of SPs results broader than the isolated AuNps. Moreover, the TA signal depends on the
assembly. The shape of the TA signal of the SPs is broader with respect to AuNPs. In addition to this, we also see
differences in the charge carrier relaxation dynamics in the first 5-10 ps, where the relaxation of SPs is observed
to be faster than isolated AuNps, as a consequence of the mutual interactions between individual nanoparticles.
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Fig. 1: (a) Normalized FTA spectra recorded after 500 fs from the photoexcitation of gold nanocrystals (red curve) and gold
superparticles (blue curve). (b) Normalized FTA Kinetics recorded at 550 nm of gold nanocrystals (red curve) and gold
superparticles (blue curve).

CONCLUSION

We synthesized new gold nanocrystals superparticles with a size of 200-300 nm. By femtosecond analysis we
discovered that the optical properties are regulated by the interactions between the single constituents rather than a
simple sum of isolated AuNps contributions and, in particular, the assembly produces a faster recombination of
the charge carriers.
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INTRODUCTION

Polymer electrolyte membranes, also known as proton exchange membrane fuel cells (PEMFCs), stand out as highly
promising platforms for the generation of clean energy. PEMFCs are the most widely preferred fuel cell types due to their
high-power density, zero noise pollution, quick startup, and all-solid structure. Currently, PEMFCs operate at temperatures
less than 90°C. However, operating them at high temperatures is preferred as it offers a range of advantages, such as
enhanced electrode kinetics, better water management, recovery of useful heat, use of less expensive fuels (such as
hydrocarbons), and reduction in catalyst poisoning.

EXPERIMENTAL/THEORETICAL STUDY

In this study, an alternative proton-conducting material in lieu of Nafion has been examined. based on zirconium silicates
(ZrSi) doped with Mxenes (Ti3C2Tx)"? and ionic liquids, were utilized and investigated as composite membranes for
PEMFCs. Electrochemical spectroscopy (EIS) was utilized to characterize the membranes, revealing encouraging
enhancements in proton conductivity upon the incorporation of ILs and Mxenes.

RESULTS AND DISCUSSION
The unmodified ZrSi demonstrated a proton conductivity of 1.73x10*S/cm. With the addition of Mxene, the conductivity
increased to 4.75x1073S/cm. Fig. 1 shows an-SEM analysis for the best conducting membranes presented in this work.

Fig. 1 Scanning electron microscope images for ZrSi/24wt%Mx/28wt%[BMIM][SCN] at magnifications of (e) 15920X,
(H)40600X. The figure shows the unique structure of Mxenes. The particle size has changed with the addition of ionic liquids.
CONCLUSION

Composite membranes have been successfully prepared using MXenes and zirconium silicate for the first time. The
preceding materials were modified using ionic liquids. A great enhancement in conductivity was observed. Conductivity
enhancement can be attributed to the change in surface area.
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INTRODUCTION

Fuel cells represent a groundbreaking technology for clean and efficient energy solutions. Among the various types of fuel
cells, Proton Exchange Membrane Fuel Cells (PEMFCs) stand out for their exceptional performance and versatility. PEMFCs
operate by converting chemical energy directly into electrical energy through electrochemical reactions, utilizing a polymer
electrolyte membrane as the core component. This membrane is crucial for facilitating proton transport and maintaining gas
separation, ensuring high energy conversion efficiency*2. In this study, a hybrid material comprising WOs, and graphene was
employed, with PVDF serving as a supporting matrix for high-temperature PEM-fuel cell usage.

EXPERIMENTAL/THEORETICAL STUDY

Two mixtures were prepared. The first one was a 10 wt.% PVDF/DMSO solution. It was prepared by blending PVDF and
DMSO for 2 hours at 120°C. The second one was a WOs/graphene/DMSO mixture. Varying amounts of WO3/graphene,
ranging from 5 wt.% to 15 wt.%, were blended with DMSO. After that, the two mixtures were mixed at room temperature for
around 10 minutes. Finally, the solution was cast onto a glass petri dish and dried in the oven for 5 hours at 70°C. The
synthesized membranes were then peeled off and stored in plastic zipper bags for further characterization.

RESULTS AND DISCUSSION

The unmodified PVDF/DMSO membrane exhibited a proton conductivity of 4 x 10* S/cm. However, the conductivity
increased to 8 x 102 S/cm with the addition of 15 wt.% WOs/graphene. Figure 1 presents the Nyquist plot for the
PVDF/DMSO membrane with the optimal amount of WO3/graphene added.
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Figure. 1 Nyquist plot of 15 wt.% WOs/graphene in PVDF/DMSO membrane.

CONCLUSION

Different mass percentages of WOas/graphene were integrated into the PVDF/DMSO composite membranes for high-
temperature fuel cell applications. The results revealed a significant enhancement in the proton conductivity by two orders of
magnitude of the PVDF/DMSO membranes upon the addition of 15 wt.% WOs/graphene hybrid material. This improvement
is likely due to the increased proton transfer pathways.
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INTRODUCTION

There has been remarkable progress toward the development of green alternative energy sources due to an
increase in energy demand and the rapid depletion of fossil fuels®. A dedicated approach to addressing these
issues is dry reforming of methane (DRM), which involves converting carbon dioxide and methane into syngas?.
Due to the use of methane and carbon dioxide in this process, it is a more environmentally friendly method of
producing syngas than other approaches®. Ni-based catalysts have been extensively studied in the past decades
since they are much cheaper and exhibit similar activity to noble metals. A major drawback of Ni catalysts is that
they become inactive during DRM due to heavy carbon deposits*. However, coke formation can be highly
affected by the choice of support and preparation method. The present study measured the activity, selectivity,
and amount of carbon deposition during DRM on Ni/CeO; catalysts, calcined at different temperatures, as well as
CeO0,, both synthesized and commercial, without an active metal.

EXPERIMENTAL/THEORETICAL STUDY

The solution combustion synthesis (SCS) method was used to prepare 1wt.% Ni catalyst supported on CeO- at a
fuel-to-oxidizer ratio of 1:1 (¢=1). The resulting powders were calcined for 1 h at 400 °C, 600 °C and 800 °C and
then reduced for 2 h at 600 °C with 50 SCCM of H> flow. The DRM was conducted in a tubular flow reactor with
a CO2/CH, ratio of 1 to 1 and N2 as the carrier gas at temperatures ranging from 100 to 700 °C. Various
techniques, such as XRD, TPR, SEM/EDX, and TEM, were used to examine the morphological properties and the
effect of reaction, calcination and active metal on the catalysts' surface.

RESULTS AND DISCUSSION

Using the data obtained from the gas chromatograph (GC), the overall CO, and CH. conversion rate was
calculated. According to the results, the 1 wt.%Ni/CeO; calcined at 800 °C had the highest CH4 conversion rate,
achieving nearly 89% conversion at 700 °C and negligible carbon deposition. A TPR study was also conducted to
understand the dispersion of Ni sites, which is considered a considerable factor in catalytic performance of the
Ni/CeO catalysts.
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Fig. 1 Ho-TPR profiles of the 1wt.%Ni/CeO; catalysts at different calcination temperatures

CONCLUSION

According to TPR, catalyst reducibility changes with calcination temperature and it seems that the sample calcined at 800 °C
goes through a phase transition as indicated by a broad peak in Fig. 1. On the other hand, considering both commercial and
combustion-synthesized CeOy, it is evident that combustion synthesis generates excess surface oxygen that can be readily
reduced.
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INTRODUCTION

The world energy strategy for the next decade is a shift towards efficient energy sources with a low carbon
footprint and based on renewable energy sources to achieve sustainable development, avoiding greenhouse gas
emissions and environmental damage which are leading to disquieting climate change. Solid Oxide Fuel Cells
(SOFCs) can be considered as the most flexible energy converter in terms of fuel selection. In contrast with other
types of fuel cells, SOFCs can use fossil and biogenic fuels!. Nevertheless, the use of hydrocarbon fuels entails
the unavoidable formation of CO in the anodic chamber that could be captured by microalgae bio-fixation.

In this context, the present work aims to evaluate the performance of a SOFC, provided of a novel impurity-
tolerant ceria-based anode, directly fueled with algae biogas. The exhaust gas composition of the biogas fueled
SOFCs has been analysed to quantify the CO- content and this data has been used to modelling its capture and
recycling processes using microalgae. In the case of CO; capture by microalgae cultivated in a High Rate Algae
Pond (HRAP)?, it is useful to identify an optimal site for the implementation of this system and have advanced
knowledge about the climate patterns in-situ.

EXPERIMENTAL/THEORETICAL STUDY

A MCeO,/SDC/LSM single cell was galvanostatically operated at 1023 K for 862 h under humidified hydrogen
and biogas. To quantify the concentration of CO- in the exhaust gas of the SOFCs, reactants and products were
analysed on-line by gas chromatography. Numerical modelling and simulation applied to wastewater treatment
(WWT) is a complementary tool to understand, a priori, the impact of meteorological parameters and others
nutrients (substracts) such as carbon dioxide (CO2) on productivity under limiting environmental conditions or
even to guide decision-making to more relevant objectives. The Monod model was used to simulate the growth
and biomass production of microalgae combined with the removal of nutrients present in wastewater and the
capture of CO, from the SOFC enriched with air supplied in the batch culture medium.

RESULTS AND DISCUSSION

The capability of the novel impurity-tolerant ceria-based anode to operate in humidified algae biogas at 1023 K
has been demonstrated. The maximum power density running on algae biogas was 74 mW/cm?. The GC analysis
shown that SOFC exhaust gas was composed by CHa, CO2, Hz and CO; less than 2 mol. % of CO, was detected.
After applying some criterious to select a suitable site to implement the system, a Typical Meteorological
Sequence (TMS) for each climatic season of the year was determinated. The TMS and classical Monod?® was used
to modelize the metabolism of microalgae in the presence of nutrients in WWT.

CONCLUSION

Algae biogas is a good alternative fuel for SOFCs. The possibility to capture the CO,, emitted by the operation of
the direct-algae biogas SOFC, by biofixation using microalgae opens the opportunities to obtain an effective and
non-polluting energy conversion system in the context of a circular economy.
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Introduction

Organizing nanoparticles on surfaces in an ordered manner is crucial for their use as active components in functional
devices!. However, patterning colloidal nanoparticles into a predefined structure with nanometre precision and scalability
remains a significant challenge?. Our work presents a combinatory approach that is fast, reliable, and scalable to solve this
issue by forming ordered patterning of nanomaterials on the substrate. We form a metallic nanostructure using nanosphere
lithography as the master substrate and trap the nanoparticles above it using Dielectrophoretic. Here, the formation of the
master substrate and a simulation study to demonstrate the trapping ability of the aforementioned method is presented.

Experimental and Theoretical study

The process of creating the master substrate involves two steps, as shown in Figure 1. Dielectrophoretic (DEP) traps use
the interaction of dielectric particles with the medium in a non-uniform electric field to produce forces. The experimental
setup for DEP trapping is a top-bottom electrode with 10 um gap applied by an AC field. The master substrate, which is
formed from NSL, serves as the bottom electrode while a plane ITO substrate is the top electrode (as shown in Figure 2).
In the simulation study, the Maxwell Stress Tensor method (MST) is used to calculate the time-averaged DEP force acting
on a spherical particle.

Results and Discussions

After analysing the simulation results, it was found that the gold triangle's corners are capable of trapping particles due to
the stronger trapping force in that area. Also, according to the graph (Figure 2¢ & 2d) the trapping force magnitude increases
with voltage. However, in Figure 2e, it is observed that only particles positioned very close to the gold nanotriangles can
be trapped with the current experimental setup. Further research is required to ascertain how changes in the size of the
triangle and the polymer can influence the trapping potential and force.

Figure 1: Formation of polymer mask using monodispersed colloidal polystyrene beads of size 600 nm using (a) drop
casting (b) convective assembly (c) Hexagonal nanotriangles formed by the thermal evaporation of 40 nm gold over the
substrate.

Tap electrode- Plane ITO--
substrate e

Structured bottom
electrode (NSL} .

(a)

Figure 2: (a) Top-Bottom electrode model used for the simulation study (b) shows the direction and strength of the DEP
trapping force on a spherical particle at z =75 (10V, 1 MHz AC field) (c) and (d) shows the variation of force fxy (x-y
plane) and fz force acting on the particles with voltage (d) Variation of potential energy with height of the particle from
the surface of the substrate (10V, 1 MHz AC field).

Conclusion

A combinatory approach that is fast, reliable, and scalable by combining NSL and Dielectrophoresis to form ordered
arrangement of nanoparticles is presented here.
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INTRODUCTION

Hydrogen (H.) production faces the challenge of developing cost-effective methods with low or zero carbon
emissionst. In this context, the H, generated through the reaction of water with Al alloys emerges as a promising
solution for portable applications, such as those supported by proton exchange membrane fuel cells>. However, to
enhance the viability of this approach, recycled Al alloys are desirable, particularly when they no longer meet
structural applications. Al-Mg-Sn alloys are practical structural materials®, but after recycling, they contain an
increased Fe content, which may limit their usage due to compromised mechanical behavior. Hence, the primary
novelty of this work lies in evaluating the potential of these alloys for H. production, both before and after
recycling. The main objective is to investigate the H, production behavior of the Al-4Mg-1Sn and Al-4Mg-1Sn-
1Fe [wt.] alloys immersed in an alkaline medium, with a focus on the influence of microstructural characteristics.

EXPERIMENTAL STUDY

For both studied alloys, samples with various microstructural length scales were produced using a directional
solidification technique. Next, a comprehensive microstructural characterization was carried out. H» evolution
tests were conducted on small, thin samples (approximately 4x4x0.3 mm), weighing around 10 mg. These tests
were based on a gravimetric approach 4, using a 2M NaOH solution.

RESULTS AND DISCUSSION

Fig. 1a illustrates the typical dendritic microstructure observed for the studied alloys. Fig. 1b and 1c show that the
microstructural refinement accelerates the H, generation, particularly for the Fe-containing alloy. Fig. 1d
demonstrates the positive effects of refined microstructures on average H, generation rates and H yields.
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Fig. 1 — Characteristic finer microstructure (a), typical H, evolution curves (b and c), and (d) H, generation rate and yields.

CONCLUSION

The addition of 1wt.%Fe to the Al-4Mg-1Sn [wt.%] alloy increased the microstructural sensitivity of Hy production
characteristics reducing the average H, generation rate and H, yield. Microstructural refinement is shown to be favorable in
mitigating this deleterious impact of Fe addition. These findings offer a direction to prevent the disposal of valuable Al alloys
as waste, presenting an opportunity to leverage them for H, production.
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INTRODUCTION

Nanofibers can be produced by various techniques, such as a broad range of electrospinning techniques to
produce nanofiber mats from different polymers or polymer blends, often filled with metallic or semiconducting
nanoparticles, or by different nanotechnological bottom-up or top-down methods [1,2]. Usually, their physical or
chemical parameters are measured by averaging over a fiber bundle or a part of a nanofiber mat [3].

LITERATURE STUDY
A literature review was performed, taking into account mainly studies published in the last five years, dealing
with measuring different physical and chemical properties of single nanofibers, nanowires and nanotubes.

RESULTS AND DISCUSSION

Measurements of single nanofiber properties are more complicated than investigations of fiber bundles or whole
nanofiber mats and thus less often found in the literature (Fig. 1). After a fast increase in such investigations
between 2001 and 2009, the numbers of respective studies are now stagnating. This review thus aims at making
the different possibilities more visible for a broader scientific audience by giving several examples, based on
atomic force microscopy (AFM) and other broadly available techniques. The focus of this review is on
technologies which reveal more information than the pure surface morphology of nanofibers or nanowires, such
as tensile properties [4], thermal or electrical conductivity [5,6].
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Fig. 1 Hits in the Web of Science for the search phrases given in the inset. Data taken on April 09, 2024.

CONCLUSION
This review gives an overview of different methods to test not only morphological, but also electrical, thermal,
optical, chemical and other properties of single nanofibers, that have been reported in the last two decades.
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INTRODUCTION

In this work, the solvent vapor annealing procedure (SVA)! was used to improve the optical and adhesion features of a
conjugated copolymer:molecule acceptor film. The power dissipation was simulated along the structure of organic
photovoltaic device devices considering the interference occurring in stacked thin films under normal incidence by using the
transfer matrix method (TMM)?3. Therefore, the monitoring through ellipsometry and TMM modeling contributes to
understanding the behavior of the electromagnetic wave inside the device, providing insights about proper optimizations that
can be performed to increase the G(x) rate and the Jsc parameter. This model takes into account the experimental values of
refractive index n and extinction coefficient k acquired from the D:A film to simulate the spatial distribution of the electric
field and provide valuable information about photovoltaic parameters.

EXPERIMENTAL/THEORETICAL STUDY

PBDTTT-CT:PDI-DPP-PDI solution was prepared in chloroform (1:1.5 wt:wt, 20 mg/mL) upon magnetic stirring for 24
hours at room temperature. Then, 100 pL of this solution was spin-cast onto a cleaned glass substrate (1x1 cm?) using the
rotation of 1500 rpm upon nitrogen atmosphere. These films were dried at room temperature and then, exposed to vapor of
chlorobenzene for 10 minutes inside a closed petri dish. The resulting thin films were characterized by UV-IS spectroscopy
in a Kasuaki spectrometer (model IL-592) and by VASE using a J. A. Woollam M-2000 Ellipsometer equipment.
Morphology was analyzed by AFM using a Shimadzu microscope (model SPM 9700-HT) in dynamic mode. The refraction
index and attenuation coefficient were used in the TMM model to simulate the electric field distribution versus thickness
along the organic solar cell.

RESULTS AND DISCUSSION
The results pointed out that the SVA-treated films presented distinct refraction index curves, as well as improved electric
field distribution when compared with cast films, see Figure 1.
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Fig. 1. Spatial electric field distribution at the PBDTTT-CT:PDI-DPP-PDI active layer with variable thickness from 100 nm
(top), 120 nm, and 150 nm (bottom)

CONCLUSION
TMM simulation pointed out that the spatial electric field distribution and the exciton generation rate are dependent on the
film thickness, and both parameters are impacted by the SVA treatment.
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INTRODUCTION

The miniaturization of electronic components has increased exponentially in the past years, leading to its limits
regarding Moore’s law. In consequence, new forms of computing have emerged, such as neuromorphic
computing®. Neuromorphic computing is brain inspired, meaning that its aim is to emulate how the complex
networks of neurons and synapses work in the human brain. For that, key electronic components are needed, with
memristors being the main candidates. Memristors are electronic devices that possess resistive switching (RS), a
behavior that emulates synaptic dynamicst. Moreover, memristors can be fabricated with different types of
materials, with solid-state ones taking the spotlight. However, solid-state materials are expensive, hard to produce,
rigid and consume more power than what is desired. Liquid-state materials seem to overcome these issues by
having RS with low to ultralow power consumption, easiness and cheapness of production, flexibility, and
adaptability?. So, here, we propose the study of different liquid memristors based on different solutions and
configurations for the future fabrication of neuromorphic computing hardware.

EXPERIMENTAL/THEORETICAL STUDY

The vertical RS devices are composed of a grounded copper (Cu) bottom electrode, a top electrode, and a solution
in between. The top electrode material and electrode spacing were studied. Furthermore, two solutions were
tested: CuSO, dissolved in water and in glyceline, a deep eutectic solvent (DES). Their concentrations were
varied for performance assessment. Finally, a planar configuration of the device was also tested for different
electrode materials [Cu and tungsten (W)] and spacing.

RESULTS AND DISCUSSION

Both configurations presented RS switching, with the vertical stack leading to the most satisfactory results. For
the aqueous solution, ultralow operation voltage, high endurance, data retention and neuromorphic properties such
as potentiation, depression, spiking-time-dependent plasticity (STDP) and paired-pulse facilitation (PPF) were
found. By modifying the solvent, improved stability, and a change in behavior, from non-volatile to volatile, was
seen. Neuromorphic properties were found as well, which is not reported in literature for volatile devices.

CONCLUSION

The emulation of synaptic behavior in the devices was attained under low voltages. Furthermore, by using liquids,
advantages such as adaptability and flexibility arise, with the addition of different temporal order behaviors being
obtained with the change in solvent. Such neuromorphic and temporal order characteristics are key to mimic the
human brain and reach the so desired neuromorphic computing hardware network.
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INTRODUCTION

Hydrogen is the most common element in the universe and today it is a subject whose research is growing owing
to its high energy density. However, one significant problem surrounding its use as an energy source is its storage,
which must be investigated to contribute to a global transition towards a society free of carbon emissions. Several
studies indicate that using two-dimensional (2D) solid-state materials such as graphene and graphene-like carbides
such as SiC and GeC, and most recently, SnC, can be good options to store hydrogen due to their large surface area.
Additionally, several studies have shown that the doping and functionalization of these monolayers improve their
molecular adsorption capacity [1]. A. Marcos et al. [1,2] reported H> adsorption capacities of K- functionalized 2D-
SnC and, in this work, the results of B-, Al- and Ga- doped 2D-SnC decorated with Li and K atoms are presented.

THEORETICAL STUDY

Fifty-atom 5x5 SnC supercells further doped, functionalized and with different number of adsorbed H, molecules
adsorbed were considered and their structural and energetic properties were obtained using the density functional
theory (DFT) formalism, with the GGA-PBE exchange-correlation functional. The van der Waals interactions were
considered by using the DFT-D2 method of Grimme. Norm-conserving pseudopotentials were employed together
with a grid of 4x4x1 k-points for the geometric relaxations and a 24x24x1 mesh for the calculation of electronic
properties. The geometric coordinates of all atoms and the cell dimensions were optimized, using the conjugate
gradient method, until the Hellmann-Feynman forces between atoms were less than 0.01 eV/A.

RESULTS AND DISCUSSION

The most energetically favorable doping configuration of 2D-SnC monolayers corresponds to a Sn atom replaced
by Al, B, and Ga ones. The numerical results indicate that the resulting monolayer further decorated with K and Na
atoms can store up to six and five H, molecules per adsorption site (Figure 1), respectively, with a mean adsorption
energy of 0.21 eV. These results suggest that doped and functionalized 2D-SnC could be useful as a medium for
solid-state hydrogen storage, which could contribute for the development of more efficient and sustainable
technologies for the storage and use of hydrogen as a source of energy.

Fig. 1 Hydrogen molecules adsorbed on monolayers displaying the calculated maximum storage capacity per adsorption site:
a) B-2D-SnC + Li + 3H>. b) Al-2D-SnC Al + Na + 5H>. ¢) Ga-2D-SnC + K + 6H.

CONCLUSION

In this work, the adsorption of hydrogen molecules on alkaline-metal-decorated doped SnC monolayers were
investigated. The monolayers doped with Ga and decorated with Ga adsorb the largest number of H, molecules per
adatom with adsorption energies suitable for the hydrogen reversible storage.
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INTRODUCTION

Theoretical studies have shown that 2D-SnC decorated with alkaline- and transition-metal atoms can store hydrogen
molecules [1,2]. Furthermore, dopant species may be able to bind metal adatoms more strongly and prevent their
diffusion over the surfaces. In this work we study the hydrogen storage capacities 2D-SnC doped with B, Al, Ga atoms
and functionalized with transition-metal atoms. The results of the doped and transition-metal decorated 2D-SnC show a
further improvement in the adsorption capacity of hydrogen molecules.

THEORETICAL STUDY

Fifty-atom 5x5 SnC supercells further doped, functionalized and with different number of adsorbed H, molecules
adsorbed were considered and their structural and energetic properties were obtained using the density functional
theory (DFT) formalism, with the GGA-PBE exchange-correlation functional. The van der Waals interactions were
considered by using the DFT-D2 method of Grimme. Norm-conserving pseudopotentials were employed together with
a grid of 4x4x1 k-points for the geometric relaxations and a 24x24x1 mesh for the calculation of electronic properties.
The geometric coordinates of all atoms were optimized, using the conjugate gradient method, until the Hellmann-
Feynman forces between them were less than 0.01 eV/A.

RESULTS AND DISCUSSION

The most stable doping configurations of 2D-SnC monolayers are those where Al, B, and Ga atoms replace a Sn one of
the monolayer. Likewise, on these doped SnC monolayers, the transition metal atoms tend to settle above the Sn one.
The results show that the systems functionalized with Sc store up to three H, molecules, while Ti-, V-, and Cr-
functionalized systems can store up to four molecules with adsorption energies around 0.21 eV.

Fig. 1 a) 2D-SnC b) 2D-SnC with a doping atom replacing C c) 2D-SnC with a doping atom replacing Sn and d) 2D-SnC dB
+ Cr with 5 H, molecules adsorbed.

CONCLUSION
The interaction of hydrogen molecules with the doped and functionalized supercells is controlled by van der Waals-
type forces with energies close to 0.2 eV. Moreover, the gravimetric capacities of hydrogen storage were analyzed, and
the boron-doped and Ti- and Cr-decorated nanosheets may exceed 5.5 wt%, which is the goal suggested for hydrogen
storage devices by the U.S. DoE. Therefore, doped SnC monolayers decorated with transition metals can be used to
store hydrogen.
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INTRODUCTION
It is known, that porous structures depending on morphology can possess unique physical properties which can
determine areas of their application.

EXPERIMENTAL/THEORETICAL STUDY

In the proposed work a new technique for synthesizing metal porous micro- and nanostructures has been
developed that is based on direct current magnetron sputtering in high-purity argon. This approach is based on the
phase transition of sputtered substances into the condensed state under conditions close to thermodynamic
equilibrium.

RESULTS AND DISCUSSION

The low dimensional metal systems (Cr, Zn, Cu, Ti, Ni, Al) have been obtained in the different morphological
forms, such as network structures, nanowires, agglomerations of weakly-bound crystals, columnar structures
consisting of prolonged crystals with approximately identical habitus, etc. The results confirm the important new
opportunities for size, shape and physical property tuning of nanostructured materials that are given by deposition
near thermodynamic equilibrium conditions.
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Fig. 1 Morphology of Cu, Zn and Al layers obtained under near-equilibrium conditions

CONCLUSION

It has been established that the growth mechanism under conditions close to thermodynamic equilibrium
possesses principally new peculiarities and possibilities in comparison with traditional methods of condensation
from vapor state and consequently can contribute to a new zone in the structure zone model.
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INTRODUCTION

Conjugated polymer nanoparticles (CPNs) present as stable, photosensitive agents useful for photodynamic
therapy and fluorescent imaging diagnostics®. This research aims to prove the possibility of combining multiple
photo-activated functionalities into a single particle by synthesizing particles with two conjugared polymers, CN-
PPV and PTB7-Th, separated by a shell of SiO., dubbed composite SiCPNs.

EXPERIMENTAL/THEORETICAL STUDY

Both conjugated polymers (CN-PPV and PTB7-Th) were used to fabricate separate CPN samples via the
nanoprecipitation method, done to act as control groups. Both were then fabricated with a covering of silica,
following previous work?. Both conjugated polymers were stabilized in aqueous solution using the amphiphilic
copolymer Pluronic F127. The hydrodynamic diameter was calculated via dynamic light scattering (DLS).
Absorption and emission spectra were measured for both particles. Following that, a THF solution of CN-PPV
was added under sonication to an aqueous solution of PTB7-Th silica-shelled particles, and all measurements
were done again.

RESULTS AND DISCUSSIONS

CN-PPV and PTB7-Th presented with very distinct absorption peaks, allowing for easy comparison and
subsequent analysis of composite SiCPNs. CN-PPV@F127@SiO, presented an absorption peak around 463 nm,
while PTB7-Th@F127@SiO, has two main absorption peaks at 630 nm and 696 nm. The composite SiCPNs
exhibit three separate absorption peaks with no conjugation beyond a linear combination of peaks (Fig. 1 (a)). The
size of PTB7-Th@F127@SiO, was 88.9 nm with PDI1=0.114, while after the addition of CN-PPV the diameter of
the composite SiCPN was 101.6 nm and PDI=0.11.
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Fig. 1. Composite SiCPN spectra (a) Absorption of the two conjugated polymers on their own, as well as the composite
SiCPN absorption, (b) 463 nm (CN-PPV) excitation emission and (c) 696 nm (PTB7-Th) excitation emission spectra.

CONCLUSIONS

Photophysical response shows spectra only from the specific polymer excited, no mixing of energy states visible,
with the possible conclusion that conjugated polymers can be layered freely in a particle for multiple
functionalities.
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INTRODUCTION

According to Liu et al. [1], urban noise originates from sources such as road traffic and background noises.
Highway traffic noise, for example, results from a combination of factors, including tire-pavement interaction,
aerodynamic factors, and vehicle components. As discussed by McBride et al. [2], the dominant spectral content
of the tire-pavement interaction source falls between 500 and 1500 Hz. Potin et al. [3] reported a frequency range
of urban noise generated mainly by traffic, both ground and air, between 1-4 kHz.

The problem with urban noise lies in the various diseases associated with long-term exposure. Bus and cab drivers
are more susceptible to hearing loss and cardiovascular diseases (hypertension and stroke) due to prolonged
exposure to traffic noise. To mitigate the effects of urban noise on such professionals, an efficient and cost-
effective sound absorption material must be used in public transportation.

EXPERIMENTAL/THEORETICAL STUDY

The poly (vinylidene fluoride-co-hexafluoropropylene) (PVdF-HFP) nanomembranes were synthesized via
electrospinning. Since nanomembranes are delicate nanostructures, a polyurethane foam was used as the support
material. The acoustic properties were experimentally measured using an impedance tube, as in Ledo et al. [4].

RESULTS AND DISCUSSION

As observed in Fig. 1A-B, not only did the nanofiber diameter vary (ranging between 100-200 nm), but the
morphology (porous diameter and spatial distribution) was also influenced by factors such as polymer
concentration and applied voltage. The combination of nanomembranes and PU foam formed a Helmholtz
resonator. Figure 1C illustrates how the addition of the nanomembrane to PU foam altered the sound absorption
coefficient. The resonator response is governed by changes in airflow within the nanomembranes.
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Fig. 1 Nanomembranes’ morphology and sound absorption coefficient
CONCLUSION
A combination of acoustic foam and nanomembranes can function as a Helmholtz resonator with a high sound
absorption capacity. The hanomembranes, with an average thickness of 5.0 nm, act as the resonator neck, while
the acoustic foam, 13 mm thick, serves as the resonator cavity. The average sound absorption coefficient
measures approximately 89%, with peak frequencies ranging from 2400 Hz to 4300 Hz.
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The clusters formation in metal thin layers deposited by pulse arc plasma in vacuum
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INTRODUCTION

The study of metal layers deposited from thermal plasma is relevant due to the unusual properties and unique
structure of these coatings. The purpose of our study is to trace the evolution of the structure of a copper coating
deposited from the plasma of a vacuum arc in a pulsed operating mode. The practical goal is to deposit a thin
layer of copper on aluminum for energy applications.

EXPERIMENTAL/THEORETICAL STUDY

The vacuum arc installation used in pulsed arc burning mode with a frequency of 10 Hz. The cathode material
consist of copper 95%, the substrates for deposition - duralumin 94%, cathode diameter 50 mm. The spraying
time was varied from 15 to 40 minutes. The vacuum level varied (10°+10®) Pa during the process. SEM and
elemental analyses was used.

RESULTS AND DISCUSSION

From Figure 1, the evolution of the size of surface defects can be traced. First it is visible nanodust, then some
spherical clusters growing in size, then dust again, but smaller. This behavior can be explained by the initial
formation of the coating in layers, the gradual growth and filling of the surface with these layers. Further, under
the influence of temperature, a structural transformation of dust into nanoclusters occurs. After 25 min of
deposition, the spherical nanoclusters reach almost the maximum uniform size ~ 100 nm, which means this is a
highly dispersed structure. The transformation process continues up to 30 minutes of spraying. After 30 min, a
highly homogeneous structure was observed, and it was not possible to determine the size of the particles. The
elemental composition of the surface presented by 19.98% Cu, 6,72% O, and Al.

Fig. 1 Copper layer structure on aluminum substrates after 15 - 40 min deposition in vacuum

CONCLUSION
From the point of view of thermodynamic processes, under the action of the thermal plasma of the arc, the
substrate gradually heats up to 200° C in first 20 min. of process [1]. Up to a certain temperature, dust forms into
nanoclusters. Obviously, this occurs as a result of the fact that dust is deposited from the plasma in the form of
nanoparticles. Nanoparticles were discovered in arc plasma coatings by a number of authors, for example [2,3].
The formation of nanodust from the ion component of plasma in the arc discharge region, in particular the
mechanism of this process, requires additional research. The main perspective advantage of this method is good
efficiency for nanomaterials fabrication and applicability for industrial produce of metal powders.
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INTRODUCTION

Sodium batteries are receiving increasing interest as an alternative to reduce dependence on lithium based
systems. Furthermore, the development of solid-state electrolytes will lead to higher performing and safer
devices™. In this work, metal-organic frameworks are combined as a physical barrier to the growth of dendrites,
together with 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([EMIm][TFSI]) ionic liquid that
provides improved mobility to sodium ions.

EXPERIMENTAL STUDY

The used physicochemical characterization techniques are FTIR spectroscopy, TGA/DSC for the thermal
analysis, X-Ray diffraction and SEM microscopy. For the electrochemical characterization of the materials ionic
conductivities, Na® transference numbers, the electrochemical stability window and galvanostatic Na
stripping/plating test were performed.

RESULTS AND DISCUSSION

It is demonstrated that the incorporation of the appropriate amount of ionic liquid within the pores of the MOF
produces a considerable increase in ionic conductivity, achieving values as high as 5-10* S cm™ at room
temperature, in addition to an acceptable Na" transference number. Furthermore, the developed
Na[EMIm][TFSIJ@MOF hybrid solid electrolytes contribute to stable and dendrite-free sodium plating/stripping
for more than 100 hours. Finally, a more than notable extension of the electrochemical stability window of the
electrolyte has been determined, being useful even above 7 V vs Na‘'/Na. Overall, this work presents a suitable
strategy for the next generation of solid-state sodium batteries.

CONCLUSION

It has been determined that the combination of porous metal-organic framework with the sodium-enriched [EMIM][TFSI]
ionic liquid leads to obtaining hybrid materials with potential application as solid electrolytes in sodium batteries.
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Enhanced Intramolecular Charge Transfer and Near-Infrared Fluorescence in New
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INTRODUCTION

The distinctive characteristics of near-infrared fluorescent organic molecules render them indispensable across
diverse applications, from energy harvesting to bioimaging and sensing technologies. In this work, we continue our
investigation on the chalcone derivative, 4-dimethylamino-2'-hydroxychalcone (DHC, Fig. 1), by expanding the
number of central double bonds (n =2 (2DHC) and n = 3 (3DHC)). Additionally, we also synthesized the precursor
chalcones lacking the OH group (DC, 2DC, 3DC) in order to obtain a comprehensive understanding of those effects
on the intramolecular charge transfer (ICT). The effect of twisting around the phenyl ring was also investigated by
synthesizing the molecule with a furan ring (DHCF, Fig. 1) and its analogue DCF. This study provides insight into
the complex relationship between molecular structure, conjugation length, and the behavior of the excited state,
offering valuable knowledge for advanced applications in photophysics and molecular design
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EXPERIMENTAL/THEORETICAL STUDY

The chalcone derivatives were obtained via aldol condensation reaction in basic media between aldehyde
derivatives and acetophenone derivatives in (1:1) molar ratio, furnishing chalcone products. Absorption and
fluorescence experiments were performed using an Agilent 8453 spectrophotometer and a Duetta spectrometer
(Horiba Scientific), respectively. The femtosecond laser setups (transient absorption and fluorescence
upconversion) allowed us to observe the ultrafast dynamics within the time range 100 fs — 5 ns. The samples for all
spectroscopic measurements were prepared in 2 mm fused silica cuvettes and were stirred during the lifetime
measurements to avoid photodegradation. For the solid samples, the crystalline form was spread on a quartz sheet.

RESULTS AND DISCUSSION

The results show remarkable bathochromic shifts in absorption and fluorescence peaks as n increases, signifying
enhanced ICT and a significant increase in the excited state's dipole moment. The presence of OH groups notably
amplifies these shifts due to additional electron donation. Femtosecond fluorescence upconversion and transient
absoprtion techniques unraveled distinct dynamics in these derivatives, showcasing the dominance of vibrational
cooling, solvation, and intramolecular motions, particularly in larger conjugated systems like 3DHC and 3DC. The
observed changes in the femtosecond transinet absorption spectra suggest the existence of new active states in
extended conjugation systems, indicating diverse intramolecular conformational states contributing to their
relaxation dynamics. More planar confirmation in DHCF, along with more stable intramolecular hydrogen bonding,
leads to a new absorption peak in the red region. Our findings demonstrate that the new structural modifications
lead to a notable red shift in fluorescence, transitioning from green to the near-infrared region. The results of this
study provide invaluable insights into excited-state spectroscopy, offering a roadmap for tailoring chalcone
derivatives for specific applications.

CONCLUSION

In this study, we observed significant red shifts in absorption and fluorescence peaks with increasing the number of central
double bonds in the parent molecule DHC, highlighting stronger ICT and higher excited state dipole moments. The presence
of OH groups intensified these shifts due to an additional electron donation center. The latter, along with enforced molecular
planarity, led to a new red absorption peak in DHCF. Femtosecond techniques revealed distinct dynamics, emphasizing
vibrational cooling, solvation, and intramolecular motions, especially in larger conjugated systems. These findings expose
diverse conformational states, guiding the customization of chalcone derivatives for targeted applications.
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INTRODUCTION

The preparation of composite sorbents from recycled and/or waste products represents a starting discipline that
opens up new possibilities for obtaining broad-selective sorbents through an effective combination of all
participating components®. Aluminosilicates (AL) in their original and modified form are widely used in
adsorption technologies due to favourable physical chemical and surface properties, and for environmental and
economical reasons?. In addition to other promising adsorption materials, such as carbon substances, biochar,
several organic and polymeric compounds*®, fly ashes (FA) are of increasing professional concern in terms of
finding their possible applications in industrial and environmental scale.

EXPERIMENTAL STUDY

The composite sorbents were prepared as dry mixtures of 2 AL and 3 FA (6 composites), in the weight ratio of
1:1. The suspension of each mixture with distilled water was agitated in the batch manner at 20, 40 and 70°C for
24 hours.The composites were tested for the separate adsorption of selected toxic cations (Pb?*, Cs*) and anions
(AsO4*, CrO4%), and for the cation-anion co-adsorption from appropriate model solution.

RESULTS AND DISCUSSION

FA from biomass combustion arising at a low combustion temperature (to 850°C) proved to be a promising
additive to AL-based composites. Cations were selectively adsorbed on both the AL and some composites,
specifically: Pb?* was almost quantitatively adsorbed on all AL-composites and Cs*was adsorbed exclusively on
the composites with zeolites®. The adsorption of anions on the source material and composites was ineffective,
except for the AsO.* adsorption on FA from biomass, where almost 100% efficiency was achieved.

During the co-adsorption of different ions (cation + anion) the sorption yield of a particular ion always increased
due to the variability of adsorption sites and mutual affinity of oppositely charged co-adsorbed ions. In co-
adsorption systems, up to 50% excess in the adsorption efficiency compared to the adsorption of particular single
ion was observed.

CONCLUSION

Composite nanosorbents prepared from AL and FA confirmed the ambition to combine the adsorption properties
of both components resulting in a wider selectivity to adsorbed ions and their effective removal from mixed
wastewarer.

REFERENCES

1. H. Han et al, J. Hazard. Mater. 369, 780-796 (2019).

2. B. Dousova et al, J. Hazard. Mater. 165, 134-140 (2009).

3. B.K. Reeta Bhadoria et al, Desalination 254, 192-200 (2010).

4. A.S.K. Kumar et al, Ind. Eng. Chem. Res. 51, 58-69 (2012).

5. L. Chen etal, J. Clean. Prod. 156, 648-659 (2017).

6. Y. Marcus, J. Chem. Soc. Faraday Trans. 87(18), 2995-2999 (1991).

ACKNOWLEDGMENTS

This work was supported by the projects: No. TH79020001 “ABTOMAT2022 — Utilization of Aluminium Bearing Raw
Materials for the Production of Aluminium Metal, Other Metals and Compounds” of the Technology Agency of the Czech
Republic; No. TN02000025 “NCE II — 1. Energy conversion” of the Technology Agency of the Czech Republic.



Organic molecule Embedded Nanocomposite of CdxZnixS Solid Solution as a
Highly Active Photocatalyst for Hydrogen Production via Water Splitting

Bashir Ahmmad*, Yuki Shizuya, Areef Billah, Anjuman Nesa Anju, and Fumihiko Hirose
Graduate School of Science and Engineering, Yamagata University, Yonezawa 992-8510, Japan
*Corresponding author’s email: arima@yz.yamagata-u.ac.jp (B. Ahmmad)

INTRODUCTION

Photocatalytic water splitting is a green and sustainable process to produce hydrogen (Hz) from water. CdxZni«S,
a solid solution of CdS (Eg=2.4 eV) and ZnS (Eg=3.5 eV), is one of the widely studied materials for
photocatalytic H, production under visible light irradiation. However, the energy conversion efficiency of this
solid solution is still insufficient. Previously, we reported that the addition of organic molecule to metal sulfides
can remarkably enhance their photocatalytic activity®. In this work, we present organic molecule (phenylalanine)
embedded nanocomposite of CdxZn1.«S solid solution as a highly active photocatalyst for H> production.

EXPERIMENTAL

The nanocomposite of phenylalanine (PA)-embedded CdxZn:«S (x=0.0, 0.25, 0.50, 0.75, 1.00) were synthesized
by a low-temperature solvothermal technique as described in our previous report!. The samples were designated
as CO0, C25, C50, C75, C100 corresponding to the x-value and PA-embedded samples were designated as COP,
C25P, C50P, C75P, C100P, respectively. Pt was deposited on all nanocomposite samples by photo deposition
method?. The details of the H, production experiment are described in our previous report.

RESULTS AND DISCUSSION
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shown). This is because C25 sample has a

small particle size. Fig. 1a shows the amount of produced H, from various samples after 2 h of irradiation. It is
evident from the results that PA-embedded samples show a higher amount of H, production compared to non-
embedded samples. It assumed that the electrons on the aromatic ring of embedded PA molecule can interact with
the photogenerated holes of CdxZn:S and enhance charge separation, leading to a higher rate of H. production®.
Fig. 1b shows the dependence of H; evolution on the amount of photocatalyst dispersed in the solution. It is seen
that 1 mg of photocatalyst in 40 ml of sacrificial agent solution has the highest rate of H, production. When a
large amount of photocatalyst is used, light absorption by some particles is disrupted, leading a lower rate of H,
production. The highest rate of H, evolution is found to 219 mmol/g for 1.0 mg of the photocatalyst. To the best
of our knowledge, this is the highest rate of H, production reported so far.

CONCLUSION
We successfully synthesized visible light active CdxZn:S nanocomposite for the efficient H, evolution via water splitting.
The result suggest that our prepared material holds significant promise for practical applications in H, production.
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INTRODUCTION

Photocatalytic water splitting is a green and sustainable process to produce hydrogen (Hz) and oxygen (O2) from
water. For the simultaneous production of hydrogen and oxygen, hydrogen evolution reaction (HER) and oxygen
evolution reaction (OER) photocatalysts are used in a system called Z-scheme. In our previous work we reported
highly active CdS nanocomposite as a HER photocatalyst?. In this work, we report Mn and Nb co-doped BaTiOs3
ferroelectric material as a OER photocatalyst.

EXPERIMENTAL

BaTiO; and BaTii—xMnx2Nbx203 (x =0, 2.5, 5, 7.5, 10) photocatalyst materials were prepared by conventional
solid state reaction method? and named as MN-0, MN-2.5, MN-5, MN-7.5, MN-10, respectively. The synthesized
materials were analyzed by XRD, XPS, SEM, EDX, UV-visible spectroscopy, and ferroelectric tester. For the O,
production experiment, CoOy cocatalyst deposited photocatalysts were dispersed in AgNO3 aqueous solution and
irradiated under visible light.

RESULTS AND DISCUSSION

Fig. 1(a) represents that, the undoped 400 S S
photocatalyst MN-0 showed a negligible amount 1ol s 351 e

of O, evolution after 2 hours of irradiation,
which is justifiable due to its poor absorption
ability in the visible region. Surprisingly, there
was a substantial increase in the rate of O»
evolution when both Mn and Nb were co-doped
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activity®. Ferroelectric hysteresis loop analysis

(Fig. 1c) shows that MN-5 sample has higher polarization compared to the other samples. The higher polarization
in MN-5 may be reason for the higher amount of O, evolution. Additionally, photoluminescence spectra (data not
shown) reveal higher charge separation in MN-5 sample supporting this result. We also assessed the stability of
MN-5 samples as an oxygen evolution photocatalyst (data not shown) and the result suggests that our prepared
material holds significant promise for practical applications in oxygen evolution photocatalysis. Further research
on their application in a Z-scheme system is underway at our laboratory.
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CONCLUSION
We successfully synthesized visible light active BaTiO3 based photocatalyst for oxygen evolution via water splitting.
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INTRODUCTION

Nowadays more and more cases arise, where companies are seeking ways to introduce hydrogen technologies in an
economically viable way [1,2]. In Slovenia hydro-power plants (HPP) are of predominantly by-pass type, meaning the
accumulation is small and can serve for daily usage variations only. With large parts of degraded areas available on the
river banks, some operators recently use them to build photovoltaic fields to increase production capabilities [3].
Considering this, often excess energy is produced, that cannot be sold and has to be discarded. For these cases, an
addition of power-to-gas system (P2G) seems a sensible option, However, trying to introduce it to a real system, one
faces several challenges. To address them, a model has been built, described in this work.

EXPERIMENTAL/THEORETICAL STUDY

The complete model comprises HPP model, scalable PV field model and the P2G system model. The model of a HPP
consists of 3 turbine-generator-model with nonlinear power-flow-height relation and accompanying accumulation lake
with trapezoidal cross-section. It has been developed and tuned based on 1-year HPP operational data. The PV field
model can be scaled and uses the solar data for a specified year. The P2G system model consists of a lumped nonlinear
model of a commercially available electrolyser, the H» compression and storage model. The electrolyser nominal power
as well as the storage tank can be scaled.

Beside the physical/energy side, the model comprises also economic part. It calculates the utilization rate, partial and
overall efficiencies as well as hydrogen production cost considering CAPEX and OPEX for selected components.

RESULTS AND DISCUSSION

The model proves to yield results, very close to real HPP operation and can be used of dimensioning of a system. On the
other hand, due to fine time scale it can also be used to study phenomena when water overflow occurs, or water is close to
lower operational lever and design control for such cases. To avoid such cases, advanced controllers can be used. To this
case, the water data allows also to use it as prediction variable/disturbance for use in model predictive control (MPC) design.
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Figure: Simulink model scheme, monthly power profile, yearly solar energy profile, hydrogen production cost chart

CONCLUSION

The developed model of HPP with scalable PV and P2G can be used for macroscopic evaluation and dimensioning of a PV-
P2G system setup for required demand, as well as on microscopic level, to study boundary phenomena such as accumulation
limitations, rate change limitations, etc., or to test control approaches to handle them.
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INTRODUCTION

Triboelectric nanogenerators (TENGS) are an attractive energy harvester for their environmental friendliness and
low-cost. They can convert mechanical into electrical energy and have maritime medicine, wearables, and self-
sustaining sensor applications. TENGs research focused on understanding how to improve its output, understand
its working mechanism and, recently, finite-element simulations have been used to better understand TENGs.
However, TENGs need enhancement in their performance and doping materials with nanoparticles has been an
attractive solution to increase the relative permittivity and thus the electrical performance. The problem of tunning
to the optimal nanoparticle concentration can be time and resources consuming and numerical simulations can
guide the search for optimal concentration and reduce the time and resources spent.

NUMERICAL PRODECURES

In the simulations performed using time-dependent finite-element simulations with a contact-separation TENG
that was modelled, according to Niu et al., as a parallel plate capacitor with two copper electrodes and two
dielectric materials (nylon and PDMS) inside an air box. In our previous work?, we explained how to use finite-
element simulations and understanding how TENG basic properties (area, material thickness) affect its
performance. In here, we are continuing that work by varying the relative permittivity of one of the triboelectric
materials by doping SrTiOs nanoparticles into PDMS and relating the relative permittivity with the surface charge
density. The parameters to evaluate the samples performance were open-circuit voltage, short-circuit current and
maximum power output.

RESULTS AND DISCUSSION

The results compared two studies: PDMS doped with SrTiO3 nanoparticles and PDMS with an effective relative
permittivity of nanoparticle doped PDMS. Firstly a constant charge model was tested on both cases and the
evaluating parameters decreased with increasing nanoparticle concentration (effective relative permittivity),
which agreed with Niu’s model predictions. Due to experimental results showing that the increase in nanoparticle
concentration (effective relative permittivity) led to an increase in the evaluating parameters, we concluded that
the relative permittivity and surface charge are related, and we developed a correction charge model. The
numerical simulation results with the charge correction showed that the evaluating parameters increased with the
increase in nanoparticle concentration (effective relative permittivity) and were comparable to experimental
results from other authors.

CONCLUSION

This work has shown that finite-element simulations can be used for nanoparticle doping optimization. Also, a
charge correction was developed relating between the surface charge density and relative permittivity, with the
results agreeing with experimental results from other researchers This opens a new way to reduce time and
resources used in enhancing triboelectric materials with nanoparticles performance.
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INTRODUCTION

Fossil fuel prices have decreased since their 2022 peaks, yet markets continue to show tension and volatility?.
Clean energies, particularly hydrogen-based technology, are emerging as a promising alternative for international
economic growth?. There is a growing interest in combining fast pyrolysis of biomass with steam reforming of
bio-oil aqueous phase for efficient biomass-to-energy processes. In this regard, oxidative steam reforming (OSR)
is more energy-efficient than traditional steam reforming due to the exothermic partial oxidation reactions while
decreasing coke deposition. Developing effective reforming catalysts is a crucial challenge to achieve both high
hydrogen yield and stability. In this work, we study the effect of CeO, addition to Co/SBA-15 in the catalytic
performance of simulated bio-oil aqueous fraction oxidative steam reforming.

EXPERIMENTAL STUDY

To be used as catalyst supports, a series of CeO,-SBA-15 (Ce: 0-30 wt.%) were prepared by incipient wetness
impregnation. Co as the active metal was later incorporated (7 wt.%) following the same procedure. All the
samples were characterized by TGA, ICP-AES, DRX, H.-TPR, and N adsorption. The catalytic tests were carried
out in a fixed bed reactor (Microactivity-Pro unit) at 550°C and atmospheric pressure.

RESULTS AND DISCUSSION 100+ - =
In a preliminary study, the effect of CeO; incorporation to SBA-15 (Ce:
0-30 wt.%) was accomplished in the OSR of acetic acid as a
representative compound of the bio-oil aqueous phase. The samples with
10 and 20 wt.% of Ce reached the best catalytic performance achieving
high hydrogen yields, over 55%, at moderate temperatures (550 °C). Both
samples were thus tested in the OSR of acetic acid (AA), methanol
(MeOH), and acetol (AC), at long-term tests reaching almost complete
conversions in all cases with slightly higher hydrogen vyields for o X
Co/10Ce0,-SBA15. This sample, demonstrating a better catalytic
performance, was also tested in the OSR of a mixture of AA, MeOH, and 0 . ; . . -
AC simulating a real bio-oil aqueous phase. The results are displayed in 0 10 ion . 0 0 >0
Fig. 1. Despite a decrease in total conversion over time, hydrogen yield  Fig. 1 Catalytic results at 550 °C in the

was maintained at acceptable levels after 50 h time-on-stream. OSR of simulated bio-oil aqueous
phase using Co/10Ce0,-SBA15.
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CONCLUSION

Adding CeO; to Co/SBA-15 in the OSR of AA enhances hydrogen production. Specifically, the sample Co/10CeO,-SBA-15
showed the best catalytic performance in the OSR of pure AA, MeOH, and AC, as well as in the OSR of simulated bio-oil,
reaching high hydrogen yields at 550°C.
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INTRODUCTION

The demand for green hydrogen (H2) and related technologies is expected to increase in the coming years mainly framed by
drivers such as climate change and energy security of supply amid the European and global energy crises. REpowerEU
Plan!!! called for an intensification of hydrogen delivery targets, that will bring large-scale adoption of hydrogen production
and applications in various sectors, stressing the need for a skilled workforce in the emergent hydrogen markets. To that end,
the Erasmus+ European H2Excellence transnational project? has gathered 24 partners across the EU, to establish a Platform
of Vocational Excellence in the field of fuel cells and green hydrogen technologies, with an educational and training offer
that will tackle identified skill gaps and implement life-long learning opportunities. The project aims to become a benchmark
in training and knowledge transfer, contributing to the integration of quality employment into green hydrogen local
innovative systems approaching the entire hydrogen value chain.

OBJECTIVES

The project started in 2023 and will create a set of national Centers of Vocational Excellence (CoVE’s) dedicated to fuel cells
and green hydrogen technologies, establishing a collaborative transnational network to bridge industry skill gaps in the field.
The Portuguese partners include Inst. Politécnico de Portalegre (IPP), Inst. de Soldadura e Qualidade (ISQ), EnergyIN, and
Lab. Nacional de Energia e Geologia (LNEG), which will contribute to implementing a solid collaborative education-
business-research network at a pan-European scale, through an international online platform/knowledge hub for e-learning,
and onsite training sharing on green hydrogen technologies. The project structure is shown in Fig. 1.

WP1: Project management and coordination

! WP6:
WPS: ! Ecosystem
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] |
Tenchies International development,

collaborative [ dissemination,
tral|e"ahrlngl'r|agnd platform for ! impact &
activities green hydrogen long-term
CoVEs ' sustainability

WP6: Ecosystem development, dissemination, impact & long-term sustainability

Project duration : 48 months
Fig 1. - Project development structure and workplan.

EXPECTED IMPACTS OF PROJECT RESULTS
During the 4 years of the project’s duration, it is expected to develop and deliver custom training tools, using e-learning and
onsite methodologies, and provide education and training that will upskill and reskill the hydrogen sector workforce, directed
towards enforcing competencies, in line with market requirements. It will also promote collaboration and mobility of
employees, supporting SME’s needs across the value chain.

CONCLUSION

The Erasmus+ European H2Excellence Project’s strategic and specific objectives concern the development of custom
advanced training and tools for students, young engineers, and staff of companies related to the green hydrogen industry.
Aims to provide alignment of those manpower skills with the market needs, fostering the key role of clean hydrogen as a
building block in the energy transition and challenges of decarbonization.
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INTRODUCTION

Organic radical batteries undergo charging through a redox reaction, differing from the ion exchange mechanism
employed by lithium-ion batteries. Utilizing environmentally friendly organic polymer electrode materials allow
for enhanced charging and discharging rates, with further improvements achievable through the deliberate design
of the active material structure. Nevertheless, challenges arise due to the dissolution of the active material in the
organic electrolyte, leading to pronounced self-discharge. Additionally, the low electrical conductivity of the
organic polymer necessitates a heavy reliance on conductive materials, resulting in significant capacity
degradation. In this study, the active material was fabricated by incorporating an organic active material into
carbon nanotube clusters through an infiltration process. It was confirmed that achieving a stable theoretical
capacity in the organic radical battery was possible by reducing its dependence on conductive materials and
incorporating a higher proportion of active materials. Electrochemical properties of PTVE cell are improved by
enhanced electro transfer and interaction of organic active materials with the intermolecular bonding of the carbon
matrix.

EXPERIMENTAL/THEORETICAL STUDY

To prepare a PTVE-impregnated carbon nanotube cluster, 0.2g of PTVE dissolved in NMP and mix with 0.05g
of carbon nanotube cluster in a rotary evaporator. After concentrating at room temperature for 3 hours, the
solution is heated in a heating bath at 60°C and completely dried. The dried powder is finally dried in a vacuum
oven at 80°C to obtain solid active material.

RESULTS AND DISCUSSION

Cycle No.
= st v 15th
e 5th 201th
“ 10th « 25th

0 1‘D 2‘0 3.0 4‘0 5.0 S‘D 70
Specific Capacity (mAh/g)

Fig 1. (a) FE-SEM image of PTVE infiltrating the inside of the carbon nanotube cluster (b) EDS Image of PTVE-
impregnated-Carbon nanotube cluster (carbon, oxygen, and nitrogen) and (c) charge-discharge graph of PTVE-impregnated-
carbon nanotube cluster.

CONCLUSION

FE-SEM results confirmed the successful infiltration of PTVE into the CNT cluster. EDS analysis further verified
the uniform mixing and support of PTVE and CNT. The corresponding values at cycles 1, 5, 10, 15, 20, and 25
were 56.6, 58.3, 57, 55.7, 54.6, and 53.5 mAh/g. Evaluation after cell fabrication revealed that the PTVE
contained within the carbon nanotube did not dissolve in the electrolyte, demonstrating effective charging and
discharging performance consistent with the active material ratio.
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INTRODUCTION

Due to its outstanding properties, hydrogen is really attractive as a replacement for the traditional polluting fossil
fuels. However, in order to implement a Hydrogen Economy system based on the use of H> as an energy vector
and fuel, advanced technologies need to be developed for its storage'. Among the different solutions studied,
storage in solid materials stands out for being particularly safe and efficient, while also being fit for mobile
applications®. ACs have especially shown excellent candidates for the adsorption of H, due to their high surface
area and porosity and low weight. The aim of this work was to evaluate the hydrogen storage potential of a
recycled AC material recovered from exhausted water filters, and to optimize it for this purpose by operating on
its textural properties and atomic composition.

EXPERIMENTAL/THEORETICAL STUDY

Different parameters were investigated for the optimization of the spent activated carbon (SAC). First, the
influence of granulometry was investigated with samples ground at different particle sizes. A chemical activation
with KOH was performed to increase the SAC’s specific surface area (SSA), and the resulting product was
washed with two different methods, namely water and acetic acid+water, to determine the effect of an acid wash
on the obtained material. Lastly, a doping process was performed to introduce N heteroatoms using urea as a
nitrogen precursor. For all samples, extensive analysis of the textural parameters (SSA and Pore Size Distribution)
was performed by gas adsorption with N> and CO», while hydrogen uptake measurements were performed to
evaluate the material’s performance in H, storage. Additionally, the samples were investigated via scanning
electron microscopy, energy dispersive spectroscopy, elemental analysis, X-ray photoelectron spectroscopy and
X-ray diffraction.

RESULTS AND DISCUSSION

The SACs were found to be highly microporous (85-100%) and impure, due to the presence of metal ions and
polymeric materials used as binders for the production of water filters. No clear trend was observed for the SSA
with decreasing particle size, due to the destruction of part of the microporous network that takes place with a
greater comminution degree. Activation with KOH resulted in an increase of the SSA of the samples with an
increase factor that ranged from 2.2-2.9, reaching over 2000 m?/g, and enlargement of the widths of the pores
present. Although washing with acetic acid did not show clear improvements of the textural properties of the
material, SEM, EDS and XPS analyses showed that washing the activated sample with acetic acid effectively
removes the ashes produced during the reactions with KOH, resulting in a purer product. Hydrogen storage
capacities of more than 2% were reached considering measurements taken at 77 K and 1 bar. Correlation of the
obtained values with different textural parameters evidenced the relevance of SSA, total pore volume and
presence of ultra-micropores for the adsorption of H,. Doping with urea resulted in the introduction of N
heteroatoms (0.41% wt) and an improvement of 17% of the hydrogen storage performance of the material.

CONCLUSION

It was found that regeneration of SAC recycled from exhausted water filters results in materials with very high
SSA and developed porosity, with promising hydrogen storage performances. Furthermore, the hydrogen uptake
of this materials can effectively be improved through doping, using urea as a nitrogen precursor.
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INTRODUCTION

Highly =-conjugated polymers, have attracted the attention of researchers and technological companies since the
discovery of conducting polymers by Shirikawa et al. due to their ubiquitous potential in industrial, technological
and everyday life applications!?.

RESULTS AND DISCUSSION

New difunctional monomers were synthesized; four asymmetric dialdehydes and a symmetric diamine containing
a tetraphenylsilane (TPS) unit as a central element. Subsequently, four silylated poly(azomethine)s were prepared
by polycondensation in solution at high temperature. Structural characterization of precursors, monomers and
polymers was carried out using EA, FT-IR and 1D/2D NMR techniques. The polymers were characterized
according to molecular weight, solubility, thermal and electronic properties (UV-vis, PL and cyclic voltammetry)
and the results allow to propose them as optoelectronic materials, active layer in solar cells for example.
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Fig. 1 Synthesis of TPS-containing poly(azomethine)s.

CONCLUSION

New silylated polymeric materials with potential applications in the opotoelectronic field were prepared and characterized.
The thermal stability and bandgap values shown by the poly(azomethyl)s were in good agreement with materials for active
layer in organic solar cells.
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INTRODUCTION

Hydrogen technologies play a crucial role in the challenge of reducing carbon emissions from industrial processes
and economic sectors. Current methods of hydrogen production heavily rely on fossil fuels, with significant CO,
emissions!. The main obstacle for the development of a sustainable renewable hydrogen energy system is the
production of cost-competitive clean hydrogen at a large scale. One way to reduce these costs is to produce green
hydrogen through water electrolysis using electricity from renewable sources. In recent years, Anion Exchange
Membrane (AEM) electrolysers have gained popularity due to some operational and capital cost benefits®. This
study aims to evaluate the electrochemical performance of an AEM electrolysis cell under various experimental
conditions.

EXPERIMENTAL/THEORETICAL STUDY

The electrochemical performance of a 5 ¢cm? anion exchange membrane (AEM) cell was evaluated using
polarisation curves and electrochemical impedance spectra (EIS). The cell's behaviour during short-period
electrolysis was also recorded by limiting the voltage to 2.2 V. As catalysts, commercial* NioFeO, and Ni-Raney
were used for the anode and cathode, respectively and using a Sustainion® X37-50 GT*.

RESULTS AND DISCUSSION

The effect of liquid electrolyte concentration on AEM electrolysis performance was evaluated changing the
concentration from 0.1 to 1.0 M KOH at 40 °C using flowrate of 26.6 mL min™. Fig. 1 A) shows the polarization
curves obtained with the Sustainion® X37-50 membrane. A clear increase in the current density, and therefore in
performance, is observed as the electrolyte concentration is increased, which is attributed to an increase of the ionic
conductivity of the membrane. The effect of temperature on the cell performance is shown in Fig.1 B) where the
highest performance is obtained at 50 °C attaining a current density of 0.23 Acm2 at 2.2 V. It is also observed that
except at an initial period, the current density remains quite stable along the electrolysis.
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Fig. 1 A) Effect of KOH concentration on polarisation curves at 40 °C. B) Temperature effect on the current density during
electrolysis at 2.2 V(0.1 M KOH). Sustainion® X37-50 AEM membrane.

CONCLUSION

This study aimed to assess the impact of various operational factors on the AEM electrolysis cell such as the increase
of the KOH concentration from 0.1 M to 1.0 M that led to a 67% rise in current density. Similarly, the increase in
temperature produces an increase in current densities due to an increase in the membrane's ionic conductivity.
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INTRODUCTION

This work aims to study the technical and economical feasibility of a new hydrogen transport network by 2035 in
France. The goal is to furnish the charging stations for fuel cell electrical vehicles with a hydrogen produced by
electrolysis of water using low carbon energy. What is new compared to previous research work on hydrogen
transport (see André et al [1] or ReuB et al [2]) is the use of low-carbon electricity to produce green hydrogen.

EXPERIMENTAL/THEORETICAL STUDY

On the demand side, we assume that all drivers driving more than 20,000 km per year will switch to fuel cell
electrical vehicles. This corresponds to a total demand of 100TWh of electricity for the production of hydrogen by
electrolysis. To meet this demand, we primarily use surplus electricity production from wind power. This surplus
will satisfy approximately 10% of demand. We assume that the rest of the demand will be produced using the
surplus from nuclear power plants. We assume decentralized production, namely that 100 MW electrolyzers will
be placed near the electricity production plants. Using an optimization model, we define the transport network for
this hydrogen between the points of supply and the points of demand (the regions of France).

RESULTS AND DISCUSSION
Given the short distances between supply and demand, the model established that all hydrogen will be delivered by
truck. The total annual cost of this network was estimated at 502 638 644€, which corresponds to €0.31€/kgH?2.
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Fig. 1 Decentralized production of low carbon hydrogen
CONCLUSION
The comparison with more centralized production envisaged in Germany makes shows a reduction of a factor of 2
in this distribution cost with a decentralized production.
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INTRODUCTION

Pharmaceuticals in water is one of the growing problems of global concern, and it has been found that a greater part of the
pharmaceutical wastewater produced worldwide is repudiated without any treatment [1]. Metal oxides help in the cost-
effective degradation of these harmful pollutants using light, and doping makes it further effective [2]. Sintering is a method
by which the powdered composite is transmuted to a strongly bonded colossal by removing inter-particle pores [3].
EXPERIMENTAL/THEORETICAL STUDY

10 grams of commercial ZnO is taken and layered in a silica crucible, and then 3 grams of Sn plates, finely scrapped into
small pieces, is added over the ZnO layer. Then, 3 grams of the same ZnO is added as the top layer. The prepared composite
is heated at 650°C for 4 hours. The silica crucible containing the sample is allowed to cool at room temperature for 3 hours.
The sample is taken out and ground in the mortar for size reduction. The sample is again heated to 650°C for 6 hours, and the
same procedure is repeated as above.

RESULTS AND DISCUSSION

In this work, Sn-ZnO composite was synthesized using the solid-state sintering method, and its elemental analysis, structural
properties, optical properties, and morphological analysis were investigated using Energy Dispersive X-ray Spectroscopy
(EDS), X-ray diffraction (XRD), UV-Vis spectrophotometer, Field Emission Scanning Electron Microscope(FESEM).
Finally, the photocatalytic degradation of sulphanilamide and sulfamethazine under sunlight was studied using the UV-vis
spectrum.
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Fig. 1 FESEM image of Sn-ZnO

The size and shape of the particle can be determined by using FESEM. Figure 1 shows an agglomerated composite and the
particle size is calculated to be 387.45£120 nm by image j software shown in the figure above.

CONCLUSION

Advanced and cost-effective synthesis of Sn-ZnO using the Sintering method is used to make a photocatalyst for the
degradation of pharmaceuticals. The band gap of the synthesized composite is calculated from the Tauc plot. XRD
determined the structural properties. FESEM shows the formation of the neck region, which helps to increase the surface area
for photocatalysis. EDX plot reveals the elemental composition present in the composite. Photocatalytic degradation of
sulfamethazine and sulfanilamide is due to the increase in defects with sintering, the increase in surface area due to the
formation of the neck region, and also the high intensity of sunlight. So, this composite has enhanced properties that enable it
to be a versatile component for industrial applications. Bandgap modification by the introduction of dopant at different
concentration using solid-state sintering is a pathway to the advanced world of optoelectronics. Photocatalytic degradation of
toxic elements organic dyes and pharmaceuticals using metal oxide semiconductors under sunlight is a breakthrough to green
earth and good health.
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INTRODUCTION

The development of technologies to promote the use of clean and renewable energies able to replace fossil fuels
has become an urgent issue with the aim of reducing greenhouse gas emissions. The storage of energy from
renewable sources such as wind or solar energies at production peaks using energy carriers like hydrogen is of
great interest due to their naturally intermittent character and highly uneven spatial distribution. Water electrolysis
(WE) is one of the best methods for hydrogen production on a large scale, being proton exchange membrane
(PEM) technologies, due to its characteristics, one of the most suitable options for its integration with intermittent
energy sources.! Unfortunately, all the stack components suffer from corrosion problems to a lesser or greater
extent.? The high manufacturing cost of PEMWE stacks and the degradation of their components are one the main
barriers for wide spreading this technology. Corrosion and degradation problems are increased when the
electrolyzer operates under the fluctuating conditions typically imposed by renewable energy power. This study
analyzes the degradation of the materials in the internal components of PEMWE cells submitted to fluctuations of
power, simulating the direct integration of WE systems with wind energy.

EXPERIMENTAL STUDY

The evaluation of a stack with state-of-the-art components under stationary and transient operation condition is
carried out to analyze the problems that may arise when it is associated with intermittent energy sources. Different
tests measuring voltage and current along with time are carried out. Both, in-situ characterization analysis by
means of electrochemical impedance spectroscopy, and postmortem analysis of components with cross-section
examination of membranes and electrodes after long-term operation and accelerated stress tests are performed.

RESULTS AND DISCUSSION

Data from the long-term operation of PEMWE cells comparing stationary and transient operation are evaluated,
including accelerated stress tests. SEM analysis of cross-section of components are evaluated that provide
interesting information about the effects of transient operation in PEMWE cells.

CONCLUSION

The objective of this work is studying the effects of the direct coupling of a PEM type electrolyzer to renewable
energy sources, especially wind turbines, and trying to minimize the problems associated with the characteristic
intermittency of this kind of energy sources. According to the proposed methodology, a single cell electrolyzer is
analyzed after operation under stationary and transient regimes. Characterization of the cell during operation and
postmortem analyses after operation provide valuable information about the main deactivation processes reducing
the durability of the systems. This study is key to introduce adequate strategies to improve the useful life of
components and systems.
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Solid oxide fuel cells (SOFCs) are promising devices for energy-conversion applications
due to their high electrical efficiency and eco-friendly behavior. Nowadays, commercial SOFCs
are electrically efficient at high operating temperatures, typically between 800 and 1000°C.
This high-temperature range restricts their real-life applications, but also their lifetime. Our
basic goal deals with the objectives to reduce the operating temperature by working in the range
from 500 to 700°C. Among SOFCs, metal-supported intermediate-temperature solid oxide fuel
cells (MS-IT-SOFCs) may provide very cheap SOFC cells with increased lifetime and reduced
operating temperature. In view to develop highly efficient electrodes and fuel cells, this
presentation will be divided in 2 parts. The first part focuses on the physical and electrical
characterizations of porous GDC-backbones which have been impregnated with LSCF sol-gel
solutions and NiO solutions, for composite cathodes and anodes, respectively. The porosity of
the backbone was controlled by the addition of different pore-formers. The performance of
different samples was compared by studying the evolution of the electrical resistivity in function
of temperature. An important effect has been demonstrated: whatever the temperature, from 500
to 700°C, the resistivity can be tuned both by the solution viscosity and by the kind of pore-
former. The second part is dedicated to the complete fabrication of Metal-Supported
Intermediate-Temperature SOFCs (MS-IT-SOFCs). These cells were studied from 600 to
750°C. In function of the developed structures and test conditions, we have measured values of
the power density ranging from 150 to 520 mW/cm?2. These highly interesting results will be
presented during the conference in Aveiro.

Key Words: GDC, LSCEF, pore-former, oxide, cathode, anode, MS-IT-SOFC.
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INTRODUCTION

The HfO,-based stacks have recently focused the researchers’ interest in terms of application in new generation
non-volatile memories operating on charge trapping (CT) effect, as a replacement of the conventionally used
ONO (Si0,-Si3sN4-SiO,) charge trapping medium?. This interest is additionally strengthened by the fact that HfO
-based gate stacks are already used in the production of advanced microprocessors. In some recent works, we
have demonstrated that nanolaminated HfO./AlO; and Al-doped HfO, stacks deposited by ALD possess
promising application potential as charge trapping media for flash memories?. In the present work we report
recent results on the performance (retention characteristics and speed of write/erase operations) of memory cells
based on nanolaminated HfO2/AlO; stacks.

EXPERIMENTAL

The test structures were MIS capacitors with Al gate and backside electrodes, in which 16.5 nm HfO,/Al,Os3
nanolaminated layers (5x(20cyHfO2:5¢cyAl,O3)) were incorporated alongside with 20 nm Al,Oz blocking (BO)
and thermal SiO; tunnel (TO) layers. The HfO2/Al,O3; nanolaminated stacks and BO were deposited by ALD in a
single low temperature technological process. Part of the samples received post deposition annealing in O.. (More
details on deposition conditions and test structures can be found in 2). Two thicknesses of the TO — 2.4 and 3.5 nm
were investigated. The retention characteristics were measured at room temperature and 85 °C. The response of
the charge trapping to the width of the applied voltage pulse was investigated in the rage of 107 + 0.3 s at room
temperature.

RESULTS AND DISCUSSION

It was found that retention characteristics were only slightly affected by the heating (Figla) which suggests that
trapped charges reside in deep traps and the charge loss is governed mainly by tunnel effects. A noticeable
electron trapping is observed at duration of the voltage pulse above 10 s (Fig.1b) and the resulting dependency is
quite sharp. The program characteristics depend on the TO thickness, and available electron density in Si
inversion layer. Full release of the rapped electrons was obtained at ~10% s, and for larger times positive charge
builds up in the capacitors. The erase characteristics depend on TO thickness more strongly than program ones.
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Fig. 1 Retention (a) and Program/Erase speed characteristics (b) of capacitors with as-grown HfO»/Al,Osstacks.

CONCLUSION
The investigation of the performance characteristics of memory capacitors based on HfO/Al,O3 nanolaminates demonstrate
their potential for flash memory applications. Additional work is required for optimization of program/erase speeds.

REFERENCES
1. C. Zhao et. al, Materials 7, 5117-5145 (2014)
2. D. Spassov, et. al, Materials 15, 6285 (2022)

ACKNOWLEDGMENTS
The work is supported by Bulgarian Science Fund under the project KP-06-H37/32.



Effect of the substrate temperature on the properties of Nb-doped TiO, thin films
deposited by magnetron sputtering

Francisco Alfaro', Rafael G. Delatorre®, Julio C. Sagas® and Diego A. Duarte

! Joinville Center of Technology, Federal University of Santa Catarina, Brazil, presenting author
(diego.duarte@ufsc.br)
2 Center of Technological Sciences, Santa Catarina State University, Brazil

INTRODUCTION

Transparent conducting oxides like ITO and FTO are critical in solar cell technology due to their optical clarity
and electrical conductivity'. Specifically, ITO typically has a resistivity in the order of 10 Q-cm?. Notably, Nb-
doped TiO, (TNO) is emerging as a competitive material for its transparency and conductive properties, crucial
for optimizing the electronic structure in photovoltaic applications®. Advanced plasma-enhanced techniques such
as magnetron sputtering are employed to finely tune material characteristics at an atomic level.

EXPERIMENTAL

TNO thin films were deposited on glass substrates using magnetron sputtering. Depositions were made at room
temperature and 300°C from a 4-inch target composed of Ti with Nb inserts. The films were evaluated by two-
point probe method, optical spectrophotometry (190-1600 nm range), and X-ray diffraction (XRD) analysis.

RESULTS AND DISCUSSION

Fig. 1 shows the transmittance of the samples deposited at room temperature and 300°C. Nb-doped films exhibit
transmittance with averages around 76% in the visible and 62-63% in the infrared range. The resistivity for heated
Nb samples was measured at about 102 Q-cm for heated samples, contrasting with 10° Q-cm for non-heated
samples. Optical bandgap values, ranging from 3.3 to 3.6 eV, were derived from Tauc plots. Analysis by XRD
shows the anatase (101) phase for all samples (Fig. 2).
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Transmittance for TiO, and Nb-doped TiO, films, Fig. 2. X-ray diffraction (XRD) analysis for TiO, and
deposited at 300°§: and room temperature using targets Nb-doped TiO, films, deposited at 300°C and room
with 1 and 4 Nb inserts. temperature using targets with 1 and 4 Nb inserts.
CONCLUSION

Heat treatment significantly lowers the resistivity in Nb-doped samples, enhancing their viability for TCO applications. XRD
analysis indicates a monocrystalline structure with the anatase phase. Future studies should employ grazing angle X-ray
Diffraction (XRD) for a clearer understanding of the crystalline structure of these materials. Additionally, it is recommended
to conduct X-ray Photoelectron Spectroscopy (XPS) and Scanning Electron Microscopy (SEM) measurements.
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INTRODUCTION

Supported-metal catalysts are commonly used in the chemical industry from fine chemical production to
petrochemicals and generally consist of metallic particles, known as active phase, dispersed on the surface of a
metallic oxide support with different geometrical formats? They are usually produced by chemical routes that
involve processes like thermal sintering in air, leading to decreasing of the catalyst activity due to the increase of
metal oxides on its surface>?, where the production of catalysts in vacuum or inert environment such as those in
magnetron sputtering systems (MS) may be an alternative to solve this issue?. Thus, the concentration of Ni metal
states in Ni/Al,O5 catalysts produced by washcoating and MS was evaluated by X-ray photoelectron spectroscopy
in this work.

EXPERIMENTAL

Catalysts were produced according to the experimental procedures described in previous works2 The chemical
composition and electronic structure was evaluated by X-ray photoelectron spectroscopy (Thermo Scientific K-
Alpha) from measurements of high-resolution spectra for the Ni2p, Al2p, O1s and C1s orbitals. The valence band
was also investigated from the density of states measured between —10 and 30 eV.

RESULTS AND DISCUSSION

Fig. 1 shows the high-resolution spectra for the Ni2p orbital of the catalysts produced by washcoating and MS.
The catalyst produced by MS presents a signal at 853 eV assigned to the metallic Ni° states and a decreasing of
the signal assigned to the Ni** states at 854 eV, indicating a surface with higher concentration of metallic states.
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Fig. 1. High resolution spectra for the Ni2p orbital of the catalysts produced by (a) washcoating and (b) MS.
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CONCLUSION

The manufacturing of Ni/Al,O3 catalysts by magnetron sputtering presents a higher concentration of metallic states and lower
concentration of oxide compounds in comparison to catalysts produced by thermal route.
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INTRODUCTION
Zeolites are versatile materials of great interest due to their properties. ZSM-5 is widely employed in catalysis
among zeolites due to its strong acidity and shape selectivity. Typically, ZSM-5 is synthesized using
conventional hydrothermal methods. However, it can also be synthesized using microwave-assisted
hydrothermal methods. This is because microwave (MW) results in the effective dissolution of precursors?.
Rice husk ash (RHA) can be utilized as a silicon source in synthesizing zeolitic material, providing a cost-
effective alternative to produce industrially and technologically relevant materials while mitigating pollution
caused by this waste?.
EXPERIMENTAL
Two dispersions were prepared for the synthesis of ZSM-5 zeolite. The first dispersion was obtained by
adding sodium hydroxide and RHA to distilled water, and the second dispersion was prepared by adding
aluminum sulfate to distilled water and sulfuric acid. After preparation, both dispersions were mixed, and the
resulting dispersion was subjected to microwave treatment at powers of 260 W and 1300 W for 10 s.
Afterward, the dispersion was aged for 30 minutes. Subsequently, 0.0393 mg of seed (commercial ZSM-5) was
added to the mixture. The dispersion was then transferred to an autoclave reactor and placed in an oven at
190 °C for 24 h. Afterward, the zeolite was washed with distilled water and dried at 80 °C for 24 h. For
comparison, ZSM-5 was synthesized without microwave treatment under the same conditions mentioned.
The samples were characterized by X-ray diffraction, scanning electron microscopy and nitrogen
physisorption analysis.
RESULTS AND DISCUSSION
According to the X-ray diffraction pattern in Figure 1, it is evident that the MW technology influences the
crystallinity of the material, with an observed increase in peak intensity when employing microwave
technology. Furthermore, characteristic peaks of ZSM-5 zeolite can be identified, with reflections typically at
20 angles of 7.99, 8.8¢, 23.29, 23.7¢, and 24'. MW technology enhances textural properties (Table 1), suggesting
that MW treatment improves the characteristics of the zeolitic material'. However, when evaluating only the
materials obtained under the influence of MW, the increase in

MW power results in a decrease in properties. This properties
reduction may be related to the nucleation effect?; thus, at 260 W,
MJ Moo ZCCAMW1300 .
3 the nucleation effects are more pronounced.
E Sample Abet (m?/g)  Vmicro (cm?/g)
g ZCCAMW1300 292 0.094
..J RTTTI LLL F s, ZCCAMW20 ZCCAMW260 307 0.101
ZCCA 260 0.085
Table 1 — Textural properties of ZSM-5
Moo ZCCA
; - " © CONCLUSION
200) The ZSM-5 zeolite was successfully synthesized using the

microwave-assisted hydrothermal method and RHA. Microwave
technology contributes to enhancing the properties of the zeolitic
material. At a power of 260 W, a high Ase of 307 m?/g and Vmicro of

0.101 cm3/g were observed compared to other samples.
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INTRODUCTION

Among the various routes for controlling CO, emissions, including prevention, storage, and use, the main alternative
is to use CO; as a raw material integrated into the CH4 conversion process to produce syngas (H» + CO), known as
dry reforming of methane (DRM). Syngas can be used as a feedstock for various chemical processes such as fuel
cell and methanol synthesis and can be used as a feedstock for Fischer-Tropsch synthesis to produce long-chain
hydrocarbons of high value. Ni-based catalysts are suitable for DRM due to their wide availability, moderate cost,
and high turnover frequency'. However, they are prone to rapid deactivation due to the formation of carbonaceous
deposits, generally of the encapsulated and graphitic type. It has been reported that adding a metal promoter
influences the performance of Ni catalysts in DRM reactions. However, gasification promoters such as Ca, Co, Ce
and La accelerate the oxidation of carbon deposits formed or improve the coverage of oxygenates®. ZSM-5 zeolite
can be used as a support to improve Ni dispersion'. Furthermore, HZSM-5 zeolite can be synthesized using rice
husk ash (RHA) as a silicon source, aiming to reduce costs and avoid using organic structure directing agents
(templates) that are toxic and costly, making the most sustainable and economical process. In this context, Ni and
Ni-Co catalysts were prepared supported on HZSM-5 zeolite synthesized using RHA without a template for
subsequent application in the dry reforming of methane, aiming to obtain syngas.

EXPERIMENTAL

ZSM-5 zeolite was synthesized from a mixture of a basic dispersion (distilled water, NaOH and RHA), with an
acidic dispersion (distilled water, aluminum sulfate and sulfuric acid). Afterward, the mixture was kept under
constant stirring for 1 hour (aging stage). Next, the hydrogel was transferred to an autoclave containing the seed
(ZSM-5 - CBV 2314 Zeolyst). This system was kept in an oven for 24 hours at 190 °C. Ion exchange was carried
out with an ammonium nitrate solution and the sample was calcined in a muffle furnace for 2 hours at 600 °C. The
catalysts were prepared using the synthesized HZSM-5 as a support. The metals (20 or 25 wt%) were impregnated
by the excess solvent method using Ni and Co nitrates as precursors. Finally, they were calcined in a muffle furnace
for 2 hours at 600 °C. The catalysts were characterized by X-ray diffraction. Nitrogen physisorption measurements,
temperature-programmed desorption of ammonia, temperature-programmed reduction, scanning electron
microscopy, thermogravimetry, and catalytic tests in the dry reforming of methane will also be realized.

RESULTS AND DISCUSSION

Figure 1 shows the X-ray diffractograms for the support (HZRHA) and the prepared catalysts. The reflection peaks
characteristic of the HZSM-5 zeolite and the metallic oxides of Ni, and Co are observed, indicating that the
preparation methodologies used were efficient.

CONCLUSION

It was possible to obtain Ni and combined Ni-Co
catalysts supported on HZSM-5 zeolite synthesized using
a residue (RHA) as a silicon source and without a )

HZRHA
template.

This study highlights the importance of using greenhouse
gases to generate valuable products through catalysts

obtained from agro-industrial waste, contributing to a J
more sustainable environment.
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INTRODUCTION

Hydrogen production from the steam reforming of glycerol emerges as a promising alternative to adding value to
this waste. Catalysts supported using Pt, Pd, Ru, Rh, Co, Ni, and alumina support have been studied due to their
good catalytic activity and stability'*. However, challenges such as catalytic deactivation due to carbon formation
and sintering of metal particles are faced. To overcome these problems, doping with base metals, such as La and
Mg', and using HZSM-5 zeolite as support can be used. Furthermore, HZSM-5 zeolite can be synthesized using
rice husk ash (RHA) as a source of silicon, aiming to reduce costs and avoid the use of organic structure directing
agents (templates) that are toxic and costly, aligning the process with sustainability and economic viability
guidelines. In this context, the present study prepared Ni, Co, Ni-Mg, and Co-Mg catalysts supported on HZSM-5
zeolite synthesized using RHA without the use of a template for subsequent application in the steam reforming of
glycerol, aiming to obtain H,'.

EXPERIMENTAL

ZSM-5 zeolite was synthesized from a mixture of a basic dispersion (distilled water, NaOH and RHA), which was
taken to the ultrasound bath, with an acidic dispersion (distilled water, aluminum sulfate and sulfuric acid). The
microwave was used on the resulting gel to dissolve the reagents better. Afterward, the mixture was kept under
constant stirring for 1 hour (aging stage). Next, the hydrogel was transferred to an autoclave containing the seed
(ZSM-5 - CBV 2314 Zeolyst). This system was kept in an oven for 24 hours at 190 °C. Ion exchange was carried
out with an ammonium nitrate solution and the sample was calcined in a muffle furnace for 2 hours at 600 °C. The
catalysts were prepared using the synthesized HZSM-5 as a support. The metals (20 or 25 wt%) were impregnated
by the excess solvent method using Ni, Co, and Mg nitrates as precursors. Finally, they were calcined in a muffle
furnace for 2 hours at 600 °C. The catalysts were characterized by X-ray diffraction. Nitrogen physisorption
measurements, temperature-programmed desorption of ammonia, temperature-programmed reduction, scanning
electron microscopy, thermogravimetry, and catalytic tests in the steam reforming of glycerol will also be realized.

RESULTS AND DISCUSSION

Figure 1 shows the X-ray diffractograms for the support (HZ) and the prepared catalysts. The reflection peaks
characteristic of the HZSM-5 zeolite and the metallic oxides of Ni, Co, and Mg are observed, indicating that the
preparation methodologies used were efficient.

CONCLUSION

It was possible to obtain Ni, Co, and combined Ni-Mg
and Co-Mg catalysts supported on HZSM-5 zeolite
synthesized using a residue as a silicon source and
without a template. Applying these catalysts in the steam
reforming of glycerol to obtain H, makes the process
even more attractive, as it allows value to be added to two
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Figure 1. X-ray diffraction patterns for the prepared samples.
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INTRODUCTION

Over the past five years, it has become clear that to fully utilize THz radiation for spectroscopy, imaging, and
other applications, it is necessary to develop a full line of devices that provide complete control of THz waves,
including polarization control devices, modulators, amplifiers, and saturable absorbers'. Within the four main
groups of THz emitters - nonlinear organic and inorganic crystals, semiconductor antennas and spintronic emitters
- the latter provide the widest spectrum and the ability to control the parameters of THz waves. Here we present
magnetic nanostructures with in-plane anisotropy that enable internal manipulation of THz wave amplitude and
polarization solely by magnetic field strength.

EXPERIMENTAL/THEORETICAL STUDY

Two types of magnetic nanostructures were fabricated: the bilayer Co(3nm)/Pt(3nm) and spin valves
Co(1,8nm)/Pt(3nm)/Co(1,8nm)/IrMn(5nm). The structures were deposited by magnetron sputtering on a glass
substrate in an argon atmosphere and room temperature. The deposition process was carried out under an applied
magnetic field of 4000e, aligned in the plane of the samples. Magnetic field assisted fabrication enabled the
creation of an easy magnetization axis in the same as magnetic field direction. To measure the parameters of THz
generation we utilized the conventional method of THz time-domain spectroscopy (THz-TDS). For THz wave
parameters control, the samples were put in an in-plane magnetic field.

RESULTS AND DISCUSSION
The Co/Pt emitters operate on the inverse spin Hall effect (ISHE), and the THz wave is generated by a charge

current J- generated in the Pt layer. The direction of polarization for THz waves ETHZ enitted due to the ISHE is
determined by the directions of the injected spin current j and the spin polarization of electrons &, which is

antiparallel to magnetization & || — M: ETH% « j, = 6,54z [Js X G]. Magnetization and hence THz wave
polarization is controlled by the magnitude and orientation of the magnetizing field.

In the bilayer, magnetic field should be directed along the hard axis. Then by the magnetic field ramp within the
anisotropy field (100 Oe for the studied samples), magnetization rotates by 180° without changing its value. It
gives rise to the THz wave polarization rotation by 180° as well while its amplitude remains constant. Thus, the
proposed structure is proved to be a pure polarization rotator. In the spin valve, magnetic field should be directed
along the easy axis of magnetization. In this structure, antiferromagnetic IrMn layer provides pinning of
magnetization direction in the neighboring Co layer. Then, for H=0, magnetization in two Co layers is directed
oppositely. Then charge currents are parallel and enhances the generated THz field. When magnetic field higher
than coercive field Hc, is applied to the structure, magnetizations in two Co layers become parallel. Then the
charge currents from two sources, directed antiparallel, cancel each other, resulting in almost zero THz field.
Modulating magnetic field in the range of 0-Hc provides modulation of THz wave amplitude with very high
efficiency.

CONCLUSION

This study proposes magnetic nanostructures with in-plane anisotropy as spintronic THz emitters to control the
polarization and amplitude of the THz wave, paving the way for new applications in areas such as THz imaging,
sensing, and communications.
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INTRODUCTION

Piezoelectric materials have been widely applied to energy harvesters and sensing applications because of their
unique properties, allowing for self-powered devices and the conversion of mechanical energy to electricity.
Piezoelectric polyvinylidene fluoride (PVDF) is regarded as a good candidate for the fabrication of flexible and
wearable devices with stability and biocompatibility, which has been commonly used in various biomedical
applications and tissue engineering.? Electrospinning is a technique used to produce nanofibers through the
application of an electric field, allowing for the production of nanofibers with diameters ranging from a few
nanometers to several micrometres and simultaneous polarization of ferroelectric materials.® This work reports on
the development of a conformal PVDF-BaTiO3 nanofibre-based piezoelectric sensor that provides good adhesion
to the human body, enabling the testing of biomechanical movement for wearable applications.

RESULTS AND DISCUSSION

In this work, PVDF was mixed with BaTiOs; with combined advantages of piezoelectricity from PVDF and
BaTiOs. Here, electrospinning was used to prepare PVDF-BaTiOs; nanofibres mat under a high electrical field,
which can directly align the dipole orientation to produce higher B-phase content with enhanced piezoelectric
properties. Then, PVDF-BaTiOs film with copper tape as electrodes was fabricated as a flexible sensor to monitor
and convert tiny vibrations and pressure into an output voltage. Figure 1a shows the output voltage of PVDF-
BaTiOssensor tested by using different vibration frequencies from 6 Hz to 18 Hz with output average voltage of
0.06 V, 0.08 V, 0.14 V and 0.28 V at 6 Hz, 10 Hz, 14 Hz and 18 Hz, respectively. Figure 1b shows the maximum
output average voltage of 0.28 V at a vibration frequency of 18 Hz with the excited greatest vibration amplitude
leading to the largest displacement of the device. This PVDF-BaTiOs flexible sensor holds the potential
application in the fields of heartbeat, pulse and breathing monitoring for sports monitoring and health care.
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Fig. 1 (a) Output voltage signal of PVDF-BaTiO3 sensor under different vibration frequencies. (b) The output voltage signal
of PVDF-BaTiOs sensor at a vibration frequency of 18 Hz.

CONCLUSION

Herein, PVDF-BaTiOselectrospun film was obtained and fabricated as a flexible sensor to produce output voltage
and current under different vibration frequencies and pressure, which can be used to test different impacting
acceleration and monitoring biomechanical body movement possessing substantial opportunities for medical
applications such as health monitoring, sports and fitness monitoring.
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Analysis of hysteretic behavior in hybrid and inorganic perovskites

Higor R. Ormonde?!, Romildo Jerénimo Ramos?, Eralci Moreira Therézio®
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INTRODUCTION

The advancement in the performance of perovskite photovoltaic devices has not always been accompanied by a
fundamental understanding of their electronic and physicochemical properties, which can modulate the
photovoltaic parameters. Hysteresis can lead to erroneous estimates of device efficiency, raising questions about
its reliability during usage [1,2].

EXPERIMENTAL/THEORETICAL STUDY

Was variety the synthesis parameters that allow us to control thickness and grains (by spin-coating process),
aiming to minimize electrical traps that are directly associated with the capacitive effect or charge storage. And
current-voltage (I-V) measurement is used to characterize the hysteresis electrical response.

RESULTS AND DISCUSSION
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Figure 1 - I-V measurement of samples with different volume of antisolvent.

It was observed that increasing the amount of anti-solvent results in the growth of the average grain size. In
Figure 1, a considerable increase in hysteresis in the I-V measurements was identified. The trapping and de-
trapping processes at the grain boundaries influence the efficiency of extracting excited carriers, contributing to
the occurrence of electrical hysteresis in the |-V measurements.

Group | 1D | Area (u. a.) | Scan rate (V/s) | Quantity of antisolvent (2 L) |
Samplel + {:';:}]‘ - I{}l“l_l 1 100
o
Sampled | 1:2;_::.: ¢ I{};“ﬁ | 100
G2 | Samples |23 | 003 | 200
Sample6 | ‘;':,;:‘:: ! I{IJET 300

Table 1 — Area between the curves represent the intensity of hysteresis.

When it comes to the amount of anti-solvent, it is observed that the increase in the area between the curves is
independent of the group or scanning rate. From the analyzed data, it can be inferred that crystallization has a
significant impact on the intensity of hysteresis, where greater uniformity and smaller grain sizes are associated
with reduced hysteresis effects. The samples belonging to group 2 showed increased hysteresis in the 1-V
measurement with the increase in the deposited anti-solvent volume.

CONCLUSION

It was demonstrated that hysteresis is an intrinsic effect of the perovskite film, originating from the interaction of
charge carriers with the grains. The increase in the volume of anti-solvent during the synthesis resulted in a
significant increase in the hysteresis intensity in the I-V measurements. Furthermore, by varying the rotation
speed of the spin coating equipment, different film thicknesses were obtained, with thicker samples showing
higher hysteresis.
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Functional organic polymers for stretchable, healable and recyclable electronics

Fabio Cicoira !,
12 Department of Chemical Engineering, Polytechnique Montreal, Montreal, Canada

The ability of certain materials to regenerate after damage has attracted a great deal of attention since the
ancient times. For instance, self-healing concretes, able to resist earthquakes, aging, weather, and seawater have
been known since the times of ancient Rome and are still the object of research.

While the field of mechanically healable materials is relatively established, self-healing conductors are still
rare, and are nowadays attracting enormous interest for applications in electronic skin for health monitoring,
wearable and stretchable sensors, actuators, transistors, energy harvesting, and storage devices, such as batteries
and supercapacitors. Self-healing can significantly enhance the lifetime of conducting materials, leading to the
improved environmental sustainability and reduced costs.

Conducting polymers exhibit attractive properties, such as mixed ionic-electronic conductivity, leading to low
interfacial impedance, tunability by chemical synthesis, ease of process via solution process and printing, and
biomechanical compatibility with living tissues, which makes them ideal materials for bioelectronics and
stretchable electronics. However, they show typically poor mechanical properties and are therefore not suitable as
self-healing materials. Self-healing conductors can be achieved upon mixing with other polymers, such as
poly(vinyl alcohol) (PVA) and poly(ethylene glycol) (PEG), which provide the mechanical characteristics leading
to self-healing.

My talk will deal with self-healing materials obtained blending PEDOT:PSS with other materials, such as
polyethylene glycol (PEG), tannic acid and polyurethane. Various self-healing modes will be presented and
correlated with the electrical and mechanical properties of the materials. The use of the self-healing gels and films
as epidermal electrodes will be also presented.*®
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Fluorescent nanographene-based nanocomposites:
unclonable photonic microlabels for anti-counterfeiting,
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INTRODUCTION

Nanographenes (NG) are graphene fragments displaying strong optical transitions in the visible or near-infrared
range due to bandgap opening through quantum confinement on lateral sizes of a few nanometers. NGs are ideal
benchmarks to study the optical response of zero-dimensional nanocarbons, sometimes showing non-trivial
photophysics [1,2]. From a functional point of view, NGs can be brightly fluorescent, and their optical properties
can be precisely tailored through precise structural engineering with atomic precision. Thereby, NGs are ideal
building blocks of more complex nanocomposites where they behave as efficient light harvesters or light emitters.

EXPERIMENTAL/THEORETICAL STUDY
The study was mostly conducted by a combination of optical experimental methods: fluorescence microscopy,
steady state, nanosecond- and femtosecond-resolved optical spectroscopy.

RESULTS AND DISCUSSION

This study focuses on a nanoribbon-shaped NG displaying visible fluorescence with very high quantum efficiency
(QY=65%) [1]. We first carried out a thorough characterization of its photocycle by a combination of steady-
state, nanosecond and femtosecond time-resolved optical methods. Then, we coupled these NGs with micrometer-
sized polysterene spheres (NG@PS), through a simple self-assembly strategy in solution phase. The resulting
NG@PS composites show unique fluorescent properties that are very different from those of the starting NGs. In
fact, NG@PS fluorescence displays an entirely new set of narrow resonances (Fig. 1) due to the coupling of NG
optical transitions to the whispering gallery modes of the polystyrene microsphere, acting as an optical
microresonator. We argue that these NG@PS are a family of functional nanocomposites which would be
potentially suitable for several applications, such as micro-sensing or micro-lasers. Besides, we show that the
finely-structured spectral fingerprints displayed by NG@PS are unique for each individual microparticle, such

that NG@PS can be used as luminescent unclonable labels for anti-counterfeiting applications.
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Fig. 1 Left: Fluorescence microscopy of a collection of NG@PS microcomposites (scale bar = 10 um). Right: Fluorescence
spectrum from an individual microbead (inset).

CONCLUSION
Nanographene-polysterene microcomposites are proposed as a novel family of carbon-based microresonators with several
potential applications in photonics.
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Abstract:

This work proposes an integrated structure consisting of three types of technologies to produce green
hydrogen. The technologies include a downdraft tower, photovoltaic panels, and an electrolysis station.
The downdraft tower is at the center of the integrated structure. The bottom of the tower is surrounded
by rows of photovoltaic panels that fan out from the tower, row by row. At the base of the tower, a water
pool is installed. The water pool is integrated with an electrolysis station with two pipes extending from
the station to hydrogen and oxygen storage tanks outside the tower. The downdraft tower provides a jet
of cool air that travels downwards from the top. The cool air interacts with a turbine located at the bottom
of the tower, generating electricity that powers up the electrolysis station, producing hydrogen. Similarly,
the photovoltaic panels produce electricity from solar irradiance during the daytime, combined with the
electricity from the downdraft tower to power up the electrolysis station. Hence, the combined produced
energy improves the production of hydrogen. The downdraft cool air helps to cool the photovoltaic panels,
improving their efficiency by about 5%. Hence, improving the efficiency of the photovoltaic panels
improves hydrogen production efficiency. In addition, the downdraft tower could work during the day and
at night to produce electricity, depending on the weather conditions. Hence, the photovoltaic panels and
the downdraft tower allow the integrated structure to produce hydrogen around the clock. The results
show that the photovoltaic panels produced 463.984 MWh, and the downdraft tower produced 636.011
MWh of energy annually. The results also showed that the total energy from the system was used to
produce 37161 kg of hydrogen.



Bio-Hydrogen Production from Sewage Sludge: A Sustainable Solution for Qatar's
Wastewater Treatment Plants

Abstract:

Sewage sludge, a by-product of wastewater treatment, poses significant environmental challenges
in Qatar due to its negative impacts on air and water quality. With the increasing population
exacerbating sludge production, effective management strategies are crucial. Recent research has
identified dark fermentation technology as a promising avenue for converting sewage sludge into
bio-hydrogen gas, offering a sustainable solution to both waste management and energy needs.
This study investigates the feasibility of bio-hydrogen production from sewage sludge in Qatar's
wastewater treatment plants. Results demonstrate that optimizing substrate concentration at 5 g/L
enhances hydrogen fermentation efficiency, with a maximum hydrogen yield of 47.8 mL/g-VS
added and a volatile solids (VS) removal efficiency of 15.9%. However, excessive substrate
concentrations (above 10 g/L) lead to the accumulation of metabolic by-products, such as lactate,
acetate, and ethanol, inhibiting microbial activity and reducing hydrogen production efficiency.
The findings highlight the potential of bio-hydrogen production from sewage sludge as a
sustainable energy source and a means of mitigating environmental impacts. Implementing this
technology in wastewater treatment plants can contribute to reducing sludge volumes, minimizing
pollution, and promoting a circular economy in Qatar's wastewater management sector.



Coating of sintered Nd-Fe-B magnets used in E-motors; improving
magnetic properties and corrosion resistance
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ABSTRACT

Rare earth elements are highly sensitive to oxidation and hydrogen absorption, and significant
differences in the electrochemical potential of adjacent phases in humid environments lead to
galvanic coupling effects. Since the microstructure of Nd-Fe-B sintered magnets is complex,
their corrosion mechanisms are not yet fully understood. The Nd-rich phase may contain several
phases depending on the oxygen content. Exposure of sintered Nd-Fe-B magnets to water leads
to the formation of Nd-hydroxide and hydrogen, and these formations react with the Nd-rich
phase between the grains and cause segregation along the grain boundaries. Commercial Nd-
Fe-B magnets are often coated with different thin layers to increase corrosion resistance. Fast
and reliable test methods are being developed, especially for the automotive industry. Since
corrosion test methods can inadequately describe the operating conditions of the e-motor,
magnets are usually only tested in the demagnetized state. Corrosion tests close to sintered Nd-
Fe-B magnets e-motor application conditions have been applied. Corrosion tests for sintered
Nd-Fe-B magnets are usually demagnetized and performed in aqueous solutions or vapor
environments instead of organic substances such as oil. In this study, sintered Nd-Fe-B magnets
have been immersed in a pre-saturated water-based salt solution, placed in gearbox oil, and
subjected to temperature cycles. The test conditions have been specially selected to test the
suitability of the magnets for e-motor applications (e.g. in hybrid vehicles). Through a simple
high-temperature heat treatment of sintered Nd-Fe-B magnets were produced by Ni/Cu/Ni
electroplating. The microstructural effect of magnetic properties and corrosion resistance on the
Nd-Fe-B magnets have been systematically studied. The aim of the study; It is the realization
of the coating on the sintered Nd-Fe-B magnet, which both provides high corrosion resistance
and significantly reduces the thickness of the coating and ensures maximum efficiency in the
use of magnets. The results of these studies are thought to play an important role in determining
and optimizing the usage strategy of coated Nd-Fe-B magnets.

Keywords: Coating, NdFeB, magnetic properties, corrosion



Platinum, Palladium, and Nickel Nanomaterials for Electrochemical Energy
Generation and Storage — An Overview
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INTRODUCTION

Electrochemistry is a fast-developing discipline due to the importance of water electrolyzers, fuel cells, and
rechargeable batteries in renewable energy generation and storage. Energy-converting electrochemical processes
take place at catalytically active electrode materials and in highly concentrated aqueous acidic or alkaline media.
Platinum (Pt) nanomaterials are employed in polymer electrolyte membrane (PEM) fuel cells and water
electrolyzers, and nickel (Ni) nanomaterials are used in alkaline water electrolyzers. In addition, micro- and
nanostructured Ni materials are also used in a wide range of rechargeable batteries. Fuel cells and water
electrolyzers are closely related to the emerging hydrogen economy, an energy generation, delivery, and
utilization system in which the hydrogen gas (H2(g)) is the energy source and carrier. If successfully realized, the
hydrogen economy will replace the hydrocarbon economy and contribute to the reduction of CO, emissions.

EXPERIMENTAL/THEORETICAL STUDY

Experimental techniques and procedures employed in this research are as follows: water-in-oil microemulsion
synthesis, thermo-gravimetric analysis (TGA), X-ray diffraction (XRD), transmission electron microscopy
(TEM), scanning electron microscopy (SEM), confocal Raman spectroscopy, inductively coupled plasma-mass
spectrometry (ICP-MS), cyclic voltammetry (CV), linear sweep voltammetry (LSV), potentio-dynamic
polarization (PDP), and electrochemical adsorption and absorption isotherms.

RESULTS AND DISCUSSION

The contribution overviews some of our recent research on Pt-based nanomaterials for PEM fuel cells, Ni-based
nanomaterials for alkaline fell cells, and palladium (Pd) and Ni nanomaterials for nickel-palladium hydride micro-
batteries™.  Specifically, the following nanomaterials and their materials science, electrochemical, catalytic,
and/or energy storage properties are analyzed and discussed: (i) platinum-based nanoparticles (NPs), namely Pt,
PtsNi, and PtsCo; (ii) cubic and octahedral Pd NPs; (iii) B-Ni(OH). nanoparticles and nanosheets; and (iv)
composite Pd@B-Ni(OH)./C nanomaterials having different Pd and Ni loadings. The research on the PtsNi and
Pt;Co NPs demonstrated that there was no Fe/Co present in their surface or near surface regions. The research on
Pd NPs as hydrogen (H) storage materials showed that they adopted a core-shell-skin structure upon H
absorption. The research on carbon-supported B-Ni(OH). nanosheets revealed that they are suitable materials for
rechargeable micro-batteries, and on the Pd@pB-Ni(OH)./C nanomaterials demonstrated that they were excellent
electrocatalysts for the hydrogen oxidation reaction (HOR) in aqueous alkaline media.

CONCLUSION

The applicability and broad-scale implementation of metallic nanomaterials in real-life electrochemical energy
generation and storage devices depends on only on their catalytic properties and long-term stability and durability,
but also on their manufacturing cost, and availability and abundance of raw materials. The outcome of our
research sheds light on the applicability of Pt, PtsNi, and PtsCo NPs in PEM fuel cells, Pd NPs and B-Ni(OH);
nanosheets in rechargeable batteries, and PA@-Ni(OH)./C nanomaterials in alkaline fuel cells.
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Solving the Sintering Problem in the Thermochemical CuO/Cu.O Redox Cycle Via
a Facile-One Pot Nanomaterials Synthesis Process
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INTRODUCTION

The thermochemical reversible CuO/Cu,O Redox cycle is a very promising long duration high-temperature (1000
°C) storage solution for different applications (e.g. solar thermal plants, cement manufacturing, etc.) *. This is due
mainly to its relatively very high density (~810.2 kJ/kg). The main challenge for this storage technology is the
sintering phenomenon which reduce dramatically the efficiency after several redox cycles. In this work, this
problem is solved at the nanoscale via a facile-one pot synthesis process and without the use of any dopant. the
cyclic energy density (~747 kJ/kg) of the obtained materials is very superior compared to the state-of the art 2.

EXPERIMENTAL/THEORETICAL STUDY

As depicted in Fig. 1, the hollow CuO microspheres were synthesized via the hydrothermal process, and
performances of the obtained materials were analyzed via Scanning Electron Microscopy (SEM) and
Simultaneous Thermal Analyzer (STA) apparatus.

RESULTS AND DISCUSSION

The multi-shells hollow CuO microspheres were successfully obtained as shown in the SEM images (Fig.1). This
novel microstructure were subject to 10 Redox cycles in the temperature range of 900-950 °C. As depicted in the
same figure, the reoxidation capacity is maintained stable after 10 cycles, which demonstrates that the sintering
effect has been significantly alleviated solely due to the hollow microsphere structure of CuO, without the need

for any doping agent.
ad
3

'
! D-Xylose BT S 5

: OH CuNOg)z * 3H,0 Muitiple precipitation

: i @ CuCo; cycles

'

'

' '
' » '
' = '
' - = l X
: E — ) } ‘ ‘\ :
h == 4 .
: Eb:ldla ‘ ) ‘ } -
' i '
b @ Ccwo ‘ \ | \ Ut Y
. Stirring of the mix Hydrothermal process at Flm'atlon and 0\.ern|ght Calcination at 800 °C o 14
: soltion 180 °C for 24 hours Drying at 80 °C for 4 hours

'

B e m m i m i m = = = o m —m—————————————————————————

Fig. 1 Synthesis process of the Hollow CuO Microspheres for an enhanced thermochemical cyclability.
In addition to the good Redox cyclability, the synthesized materials have very high energy density (~747 kJ/kg) compared to
the state-of- the art of the physically or chemically doped materials. It is actually 59% higher than that of physically doped
material (~470 kJ/kg) , and 87% higher than that of chemically doped material (~400 kJ/kg) 2.
CONCLUSION
In summary, a novel microstructure of CuO was investigated in this work to solve the sintering problem in the
thermochemical CuO/Cu,0 redox cycle. The obtained evidence demonstrate the superior storage of those materials compared
to the state-of- the art in term the cyclic energy capacity. Further investigations are needed to demonstrate the same
promising results over a longer number of redox cycles.
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INTRODUCTION

Taking inspiration from the human brain, where memory and learning occur in the same space at a low power
consumption, a memristive neuromorphic computing architecture has emerged'. These new devices are generally
composed of metal-insulator-metal stacks. However, the integration of low-dimensional materials (2D), such as
MXenes, enhances the switching control, spatial and temporal reproducibility, and lower power consumption and
fabrication cost’. In this work, 2D flakes of Ti;C, MXene were chemical exfoliated from Ti;AIC, precursor
through an in-situ HF formation method, and then integrated as an heterostructure of Al,O;/Ti;C, resistive
switching stack with bottom PET/ITO flexible substrate and top W electrodes. Resistive switching behavior was
obtained at low switching voltages with multi-bit capability.

EXPERIMENTAL/THEORETICAL STUDY

Ti3C, flakes were synthesized with 14.78 mL of 9 M HF, 1.6 g of LiF, and 1 g of Ti;AlC, powder were mixed
with 5.82 mL of DI water. After stirring for 36 h at 35°C, the etched MXene was centrifuged (3500 rpm) in 30
mL of DI water for 5 min. The washing process was repeated 7 times to achieve the multilayer Ti;C, solution.
This suspension was sonicated for 1 h under N, to avoid oxidation, followed by 5 min centrifugation at 3500 rpm
and the supernatant was collected. A thin-film of Al,O; (5 nm) was deposited with IBD machine, followed by
MXene spin-coating deposition, and lastly 75 nm W electrodes sputtered on top.

RESULTS AND DISCUSSION

Successful delamination of MXene flakes was confirmed through XRD, SEM, and TEM, achieving a dispersion-
ready solution for spin-coating. The electrical properties of the fabricated stack were measured under various
current stimulus, showing remarkably reliable resistive switching behaviour with high resistance ratio (10*-10°),
as shown in Fig.1 (a), but at the same time this device is capable of multi-level resistive states with remarkable
endurance [Fig.1(b)].
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Fig. 1 (a) Resistive switching curve of PET/ITO/A1203/Ti3C2/W stack, (b) and it’s multilevel resistance capability with high
endurance.

CONCLUSION

We demonstrated the successful synthesis of 2D MXenes for integration in memristive devices, which showed remarkably
high resistance ratios and multi-bit capability.
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Unveiling the role of microstructure on the electrical properties of ceria-based
composites
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This work investigates the preparation and characterization of composite
membranes for high-temperature CO- separation. The main objective is to elucidate the
role of microstructure in terms of interfaces and surfaces characteristics and
corresponding degradation limit. The composite membranes were produced through a
two-step process: initial consolidation of the ceramic phase followed by impregnation
with molten carbonates. Various processing conditions were optimized to achieve
homogeneous and strong ceramic skeletons using organic pore forms and sintering aids.
The Gd-doped ceria (CGO) is used as a ceramic oxide-ion conductor, and a eutectic
mixture of Na2COs3 and Li2COs3, a carbonate-ion conductor, is used as a secondary phase
in large volume (~30 vol. %). The secondary phase has a melting point at 500 °C,
temperature in which the counterflow of oxide-carbonate-ions species facilitates the
desired CO: transport. Characterization was performed using X-ray diffraction, scanning
electron microscopy and impedance spectroscopy under different atmospheric conditions.
Additionally, stability test was performed both in air and COz. The results provide insights
into the behaviour of both the isolated ceramic phase and the composite, facilitating an
understanding of carbonate feature within the composites. At the typical operating
temperatures (approximately 600-700°C), molten carbonates play a crucial role in ionic
conduction, attributed to the relatively low ionic conductivity of the ceramic phase. After
80 hours of test at 700 °C, materials presented moderate degradation, showing a strong
impact on the total conductivity and electrode processes.

Keywords: Composite membranes; impedance spectroscopy; conductivity; Degradation.
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Nanometric Structure of Adhesion Interface in Humid Environments
Studied by Neutron Reflectometry
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Epoxy resins have been used as structure adhesives in various fields. The structure and physical properties of the
epoxy resins is affected by the absorption of water; therefore, the effect of the water absorbed from the
atmosphere on the structure of the epoxy resin at the interface with the adherend should be understood to improve
the adhesion properties. This study deals with the structure analysis of epoxy resins at the interfaces with a solid
substrate in high humidity. Neutron reflectometry (NR) is a powerful tool to analyze the structure of interfaces of
materials at the nanometric length scale, and it can directly probe the spatial distribution of water in the epoxy
resin film. Figure 1A shows the NR profiles of an epoxy resin thin film prepared by bisphenol A diglycidyl ether
(DGEBA) and 1,4-bis(aminomethyl) cyclohexane (CBMA) in dry and humid atmospheres. The fitting analysis of
the NR profiles provide the depth distribution of the neutron scattering length density (SLD) profile shown in
Figure 1B. The SLD profiles in a humid state shows a larger peak of at the depth of 1.4 nm compared to that in a
dry state. This is due to the water absorbed from the atmosphere aggregate at the interface between the epoxy
resin and adhrend. The quantitative analysis of the SLD distribution showed that the condensed layer of water has
a thickness of 0.6 nm. Whereas the water fraction in the bulk region was only 2-3 %, the fraction at the interface
was more than 40 %. The effect of the curing condition suggested that the formation of the condensed layer is
caused by the different cross-link structure of the polymer chain at the interface.
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Figure 1. Neutron reflection profiles (A) and scattering length density distribution (B) for DGEBA/CBMA in
dry and humid conditions. The reflection profiles are vertically shifted for visibility.
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INTRODUCTION
In combination with carbon-based matrices, the electrocatalytical activity of noble metal nanoparticles (NPs)
(e.g., Pt, Ru, Cu, etc.) are of high interest for emerging energy electrochemical applications. Our study aims to
explore the stability of single and alloy NPs and their interaction at the interphase under applied potential,
leveraging the synergistic effects between the carbon matrix and NPs!. The rapid thermal synthesis of NPs on
carbon support induced by applied voltage offers versatile synthetic possibilities to engineer materials with
enhanced electrocatalytic properties?. In this context, the composition of noble metal NPs and their alloys holds
significant promise for future energy applications, driving the development of more efficient electrodes.
EXPERIMENTAL STUDY
We utilized commercially available carbon support (Toray Carbon Paper, TGP-H-60) for synthesis of single
NPs and their alloys. Solution of the metal salts were loaded onto carbon paper and subjected to the rapid thermal
method to heat (~1600K) to yield NPs. To gain deeper insight into the NPs electrode stability, we employ
various electrochemical, microscopic and spectroscopic methods.
RESULTS AND DISCUSSIONS
Figure 1 illustrates synthesis of metal NPs and their alloys on carbon fiber support. (a) Pt NPs (~10nm) are
finely distributed on the roughened fiber. (b) Compositionally complex alloy (CCA) NPs with size of ca. 10 nm
are loaded on porous carbon fiber morphology. We further explore the hydrogen evolution reaction activity and
stability by comparing single metal NPs and alloy combinations achieved by increasing the complexity in the
fabrication of CCA systems.

Fig. 1 Scanning electron microscopy images of fabricated Pt@C (a) and CCA (b) electrodes.
CONCLUSION
In conclusion, our study emphasizes the considerable potential of noble metal NPs integrated with carbon-based
matrices for advancing energy electrochemical applications. The illustrated synthesis of metal NPs and alloys
on carbon fiber support demonstrates the feasibility of finely distributed NPs and compositionally complex
structures, laying the foundation for further exploration in hydrogen evolution reaction activity and stability.
REFERENCES
1. Yao, Yonggang, et al. Science 359.6383 (2018): 1489-1494.
2. Lai, Leo, et al. Small Structures 3.11 (2022): 2200112.
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Abstract

Humanity essentially needs to have four key things for living in a sustainable manner, namely clean air, clean water, clean food
and clean energy. If energy is not clean enough, the rest of them will be affected badly. So, this makes energy really essential to
achieve sustainable development which brings the need of sustainable energy solutions forefront. These solutions cover
renewable energies, alternative fuels, hydrogen energy, energy storage, efficient energy utilization, and integrated energy
systems and multigenerational applications, resilient community-based energy systems, but not limited to. This plenary talk will
introduce the key necessities for human beings and sustainable energy solutions and discuss the paradigm changes in the way
we generate, storage, convert, transport and utilize energy. It will further discuss how paradigm changes will affect the
sustainable energy goals with a primary focus on hydrogen energy which requires a carbon-free energy ecosystem and a clear
transformation into hydrogen economy. There is also a strong need for technologies which will be environmentally benign and
sustainable.
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INTRODUCTION

The photoreduction of CO- is one of the most challenging uphill reactions, whose performance is limited by
intrinsic catalyst efficiency features and by physical phenomena, such as CO- solubility in water. Nevertheless, it
represents an intriguing mean to produce fuels and chemicals such as formic acid, formaldehyde, methanol and
methane. In this work an innovative high pressure photoreactor is tested, operating up to 20 bar and reaching
unprecedented productivity of formic acid (ca. 40 mol/h kgca:) over a litre scale size. Thanks to 3D printing and in-
house developed coating techniques up scaling options were studied and the possibility to mode to continuous
operation was investigated. Z-scheme materials based on graphitic carbon nitride and WO3 were tested to improve
utilisation of solar light.

EXPERIMENTAL/THEORETICAL STUDY

Photocatalysts testing was carried out in a pilot scale photoreactor in stainless steel, equipped with an immersion
UV lamp (365 nm maximum emission, with measured irradiance of 75 W/m?) on 1.2 L of catalyst suspension or
solution with immobilised catalytic tiles (31 mg/L) and using sodium sulphite as hole scavenger. The products
were analysed both in liquid and gas phase through GC and HPLC. Testing was carried out up to 20 bar and 80°C
In this work the main photocatalyst tested is graphitic carbon nitride (g-CsN4). To further increase the productivity
of the g-C3sN4 a chemical treatment employing sulphuric acid was optimized and compared with exfoliation under
UltraSound (US) treatment at modulated power (0-120 W). The Z-Scheme functionalization of the g-CsNa
exfoliated was performed using different types of metal oxides with various loadings: iron oxide, zinc oxide and
tin oxide. All the catalysts have been characterized by XRD, BET and DRS analysis.

RESULTS AND DISCUSSION

Exfoliation of graphitic carbon nitride g-CsN4 by means of US treatment using water as a solvent was
demonstrated at varying input power at constant frequency, constant amplitude and time of effective sonication.
This positively contributed to the properties of the final material without critical handling or environmental issues.
Exfoliation of g-C3N4 in water displays a strong dependence of US input power, with a slightly enhanced bandgap
(2.8 eV), but most of all increased lifetime of photogenerated electrons, as observed through Diffuse Reflectance
Spectroscopy (DRS) and Spectrofluorimetry data. Among all applied power (varied between 30W and 120W),
120W sufficiently exfoliated and tuned physicochemical properties of g-CsNa. The catalytic results demonstrate
this metal free material as an efficient photocatalyst to obtain high yield of formic acid with productivities ranging
from ~5100 to ~8200 mmol/kgc.ch at 80°C in water, which is among the highest reported in the literature.

The graphitic carbon nitride with a loading of hematite equal to 8% in weight showed the best performances
among this series, with an increase of the productivity of formic acid (the main product of the photoreduction
process) of 26.1% respect to the bare graphitic carbon nitride.

CONCLUSION

Significant productivity of formic acid was achieved through a high pressure photoreactor operating up to 20 bar and 80°C.
Different samples of graphitic carbon nitride were compared and the best results were achieved upon exfoliation of the
material, thanks to increased photocharges lifetime as determined by spectrofluorimetry and by achieving Z-scheme
formulations.
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INTRODUCTION

Biogas contains large amounts of CO, to be at least separated to exploit biomethane, and possibly valorised. A
first option is CO; hydrogenation to methane, also promising to transform an energy vector that is uneasy to
handle (green H,) into a valuable and worldwide-distributed fuel and feedstock (CH4). A “power-to-gas”
framework could then help to overcome the drawbacks of H, as an energy storage medium and to increase the
continuity and general availability of different intermittent renewable energy sources. The aim of this work is to
detail aspects of the methanation of CO; as a method for Carbon Capture and Utilisation using green hydrogen.
Different options for the efficient direct conversion of CO; and H; into CH, (Sabatier reaction) are here explored
both experimentally and through process design.

EXPERIMENTAL/THEORETICAL STUDY

Ni-based catalysts (5-20 wt%) supported over CeO2, SiO,, Al,O3 and ZrO; have been prepared by impregnation
and co-precipitation. Testing has been done under practically relevant conditions at pressure up to 20 bar, with a
stoichiometric H»/CO, feed. Process design has been accomplished with Aspen Plus process simulator,
considering the Sabatier reaction for the methanation of CO5.

RESULTS AND DISCUSSION

We considered a small delocalised plant, identified in a biogas production facility. H; is considered as produced
from water electrolysis fed with renewable power. A key issue is the strong exothermicity of the reaction. Our
research explores the use of water vapour, added on purpose to the reactor as a thermal vector and later
condensed. The simplest and most economical reactor arrangement is composed of a certain number of adiabatic
beds (up to five) with intercooling. Alternative arrangement has been explored designing a fluidized-bed reactor,
that allow better temperature control, but this led to incomplete conversion and was difficult to scale-up.

The possibility to use the methane already present in biogas as diluent (i.e. thermal vector to control the
exothermicity) was also considered, offering the additional advantage to eliminate the otherwise needed and
expensive CO; capture step.

This option is intended to improve the CH, yield and to meet the purity specifications for feeding the natural gas
distribution grid. Possible poisons for the methanation catalyst, such as sulphides or nitrogen containing poisons,
were considered and removed by proper pretreatment. Two options were further considered, one with preliminary
CO; separation from biogas and methanation of pure carbon dioxide, the other on with direct treatment of the
biogas stream.

At least 4 reactive stages for the methanation reaction were needed to get > 75% conversion. Either adiabatic or
cooled catalytic beds were compared, operating at below 400°C, with an overall size of 10° Nm?®day of synthetic
methane.

CONCLUSION

The results show the feasibility of a methanation reactor suitable for the direct catalytic conversion of biogas from anaerobic
digestion for the delocalized production of biomethane.
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Abstract

Recently, biohydrogen has received much attention due to the increasing demand for
renewable hydrogen in chemical industry. It is important to produce biohydrogen in the same
place where hydrogen is required because the transportation of hydrogen is much costly.
Although biohydrogen can be produced from a wide range of feedstocks from biomethane to
lignocellulosic biomass, liquid forms of biomass are relatively preferred as a feedstock for
biohydrogen production because of its manageableness and low transportation cost. In this
work, alcohols (methanol and ethanol) and aqueous organic fraction of bio-oil from fast
pyrolysis of lignocellulosic biomass were used as feedstocks for hydrogen production. A series
of catalytic gasification was carried out in supercritical water using a continuous packed-bed
reactor in order to minimize the formation of coke during the gasification reaction.
NiY/activated charcoal was used as a gasification catalyst and its characterization was
accomplished by SEM-EDX, XRD, N»-physiasorption isotherms, NH3-TPD and H>-TPR. The
effect of reaction temperature, WHSV and reactant concentration was investigated to obtain
optimal gasification conditions. The gaseous products mostly consist of hydrogen, carbon
dioxide, and methane with maximum hydrogen contents of 60 mol% for methanol, 51 mol%
for ethanol, and 47 mol% for aqueous fraction of the bio-oil at 600 °C and 250 bar. The process
analysis was performed in terms of mass balance, carbon gasification efficiency, and gas yield.
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INTRODUCTION

We have observed spin rotational excitations in LuMnOg3 below the Neel ordering temperatures through resonant Raman
scattering. We could assign all the spin excitation peaks in terms of Heisenberg spin interaction, and found that the spin
rotational angles are predominantly 60, 120, 180 degrees commensurate with the triangular lattice of the Mn-ion spins.
Unlike usual spin-wave excitations, this spin rotational excitations are limited to one triangular unit cell, thus costing
relatively high excitation energy (~ 0.1 eV). Optically pumped and optically detected spin rotational excitations confined in a
triangular cell can be a good candidate for future spin logic/memory devices.

EXPERIMENTAL/THEORETICAL STUDY

Hexagonal LuMnOs single crystal was grown using the traveling floating zone method. Platelet sample was cleaved
perpendicular to the c axis. Helium-closed-cycle cryostat was used to control the temperature of the sample from 15 to 120 K
in vacuum chamber. Raman scattering spectra were obtained by Horiba LabRam spectrometer coupled with a liquid-

nitrogen-cooled CCD under z( v )z cross configuration. Excitation light source was visible red laser which has continuous
671 nm (~1.85 eV) wavelength, with the power of 40 mW on the sample chamber window.

RESULTS AND DISCUSSION

Figure 1 shows temperature-dependent Raman spectra of the
hexagonal LuMnOs; single crystal in cross polarization scattering
geometry. The broad Raman peaks near 197, 580, and 805 cm™ are
non-phononic in origin, get stronger at lower temperatures below the
Neel ordering temperature. These broad peaks of hexagonal LUMnO3
below Ty are found to be excited through the resonance with the Mn
d-d transition by the incident red laser (~1.85 eV).

Along with theoretical analyses of the spin-spin interaction
Hamiltonian and the Raman selection rules, we could conclude that
the spin excitation peaks are due to simultaneous rotation of all three
Mn spins in one Mn-trimer in hexagonal RMnOs; at the
antiferromagnetic state. Only special-angle rotations of the three Mn
spins are allowed to preserve the triangular symmetry with the
antiferromagnetic ordering, thus the spin rotation angles are quantized
due to the triangular symmetry of the hexagonal RMnOs.[1]
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Fig. 1 Spin rotational excitation peaks are observed in hexagonal LuMnOs3; below Ty, The angles denoted are for the spin
rotations of all three Mn-ion spins in one trimer with respect to the neighboring spins.

CONCLUSION

Spin rotational excitations in hexagonal LuMnOs3 are optically pumped by the incident laser (~1.85 eV) through resonance
with the Mn d-d transition in the Raman scattering process. The observed broad Raman peaks are assigned to spin excitations
corresponding to Mn-ion spin rotations by 60, 120, and 180 degrees in one triangular spin lattice. The role of Mn d-d
transition near 1.7 eV needs to be clarified in future anti-Stokes Raman scattering measurements.
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INTRODUCTION

Lately, the intensification of global warming concerns linked to the use of fossil fuels has become more evident.
An essential stride forward lies in the efficient storage of hydrogen and methane to bolster their application in
electric vehicles powered by these gases. Hydrogen Fuel Cell Electric Vehicles (HFCEV) provide a carbon
dioxide-free option, while Natural Gas Vehicles (NGV) contribute to reducing greenhouse gas emissions. The
primary obstacle revolves around finding lightweight solid materials capable of storing hydrogen and methane
gases, thereby achieving a comparable range to conventional fossil-fuel vehicles. Metal-Organic Frameworks
(MOFs) represent a vast array of lightweight porous materials with numerous technological uses, including gas
storage.

A recent study utilized the GPT-4 Reticular Chemistry, an Al model, to facilitate the discovery and synthesis of
novel MOF-521 (Metal-Organic Framework) variants: MOF-521-H, -oF, and -mF [1]. These aluminum-based
MOFs are light and possess pores with a width of approximately 10 angstroms, showing promise for gas storage
applications.

THEORETICAL STUDY

Through GCMC (Grand Canonical Monte Carlo) simulations conducted at room temperature and pressures
ranging from 0.5 to 35 MPa, the hydrogen and methane storage capacities, along with isosteric heats, of these
innovative MOF-521s were evaluated. The simulations included calculations of total, excess, and usable storage
capacities. Additionally, GCMC simulations were performed under identical conditions for classical MOFs,
similar Al-based MOFs, and MOFs with comparable densities, porosities, and pore sizes as the new MOF-521s.
These comparative analyses aimed to assess the capacities and isosteric heats of the new MOFs. Lennard-Jones
potentials were used to simulate the interactions between the MOFs atoms and the molecules (hydrogen or
methane), as well as between the molecules. The resultant data represent predictions regarding the hydrogen and
methane storage capacities and isosteric heats of these innovative materials.
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INTRODUCTION
In this project we engineered new nanostructured hydrogel precursors for 3D printing, bioinspired from the
nanocomposite bone extracellular matrix.

EXPERIMENTAL STUDY

The overall concept is presented in Fig. 1A. Gelatin, alginate, cellulose, and gellan gum were used to provide the
hydrated matrix in which nanofillers mimicking the mineral phase of hard tissues were added. Paste-like 3D
printable inks with different nanofiller loadings were formulated. Calcium carbonate from cuttle bone fragments,
wollastonite and biosilica from diatomite were used for their reinfocing effect and for the potential to
biomineralize. The scaffolds were characterized through swelling degree, water contact angle, stability under
simulated physiological conditions, morphology evaluation, and nanoindentation. The nanocomposite nature was
confirmed by scanning electron microscopy (SEM) and micro-computer tomography (micro-CT). In vitro
biomineralization was tested. To assess scaffolds’ biocompatibility and ability to support osteogenic
differentiation in vitro, MC3T3-E1 cell line was used®3*.

RESULTS AND DISCUSSION

Macroporous scaffolds with nanocomposite filaments (Fig. 1B) were obtained. Composition adjustments allowed
improved deformation under controlled compression and a modulation of the bulk and surface mechanical
behavior, leading to enhanced adhesion of preosteoblasts (Fig.1C). Formation of a new mineral phase was
detected after cell cultures (Fig. 1D).

Scanning bone+=Model design

Bl Next3DBone s
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Fig. 1 (A) Methodology for the development of 3D printed scaffolds for on geerti (); (B) SEM revealing
microporous nanocomposite 3D printed scaffold; (C) Preosteoblasts on 3D printed scaffold; (D) Preosteoblasts adhered and
biomneralization during cell-culture (SEM).

CONCLUSION
We combined natural origin hydrogels with nanomaterials to fabricate osteoblast-responsive 3D printed scaffolds.
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INTRODUCTION

Sulfide-based solid electrolytes exhibit ionic conductivity comparable to that of liquid electrolytes. However, their
narrow electrochemical stability window results in easy decomposition, even at low voltages during
electrochemical cycles. This decomposition triggers interfacial side reactions, leading to the formation of a
lithium depletion layer due to the potential difference between lithium ions and the cathode. These phenomena
hinder lithium ion diffusion and deteriorate the battery's electrochemical performance. Therefore, it is crucial to
modify the surface of the cathode material by applying substances that suppress interfacial side reactions and
facilitate the smooth movement of lithium ions.

RESULTS AND DISCUSSION

Nb-oxide coated NCM811 materials were characterized both physically and electrochemically. Samples that
underwent solvent filtration after surface coating exhibited improved coating uniformity compared to those
treated with solvent evaporation. SEM and EDS mapping revealed a uniform distribution of Nb. No impurity
phases were detected after heat treatment at 500°C.

Nb-coated NCM811 was thoroughly evaluated using a liquid electrolyte. The sample with 0.6 mol% Nb coating
achieved a discharge capacity of 215.4 mAh-g* and a coulombic efficiency of 94%, demonstrating the best
performance among all samples in the first cycle. The Nb-oxide surface layer is believed to suppress side
reactions between the cathode and electrolyte.

The effectiveness of the Nb-oxide coating was also confirmed with a solid electrolyte. The 0.6 mol% Nb-coated
NCMB811 showed significantly improved discharge capacity (204.5 mAh-g?) and efficiency (94%) compared to
pristine NCM811. More detailed results will be presented at the meeting.
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Fig. 1 Voltage profiles of 1st cycle for Nb-oxide coated NCM811 electrodes with liquid and solid electrolytes

CONCLUSION

The Nb-oxide coating is an effective method to enhance the surface stability of NCM811 cathode material by
mitigating side reactions with electrolytes. To achieve optimal improvement, it is crucial to ensure coating
uniformity and apply the appropriate amount of coating material. The enhancing mechanism of the Nb-oxide
coating may vary with the phase of the electrolyte, which will be explored in future studies.



Optimization of Thickness for Alumina-Coated Separators for Lithium-ion batteries

Ji-Hui Oh*?, Jin Ae Kim?', Dong-Won Lee!, Weon Ho Shin?, Min Gi Jung® and Jong Min Oh*?"
!Material Technology Center, Korea Testing Laboratory, KOREA, presenting author
2*Department of Electronic Materials Engineering, Kwangwoon University, KOREA, corresponding
author (jmoh@kw.ac.kr)
3Department of Materials Science and Chemical Engineering, Hanyang University, KOREA

INTRODUCTION

The Study investigates the optimization of coating thickness for lithium-ion battery separators in response to the
stability issues arising from the weak heat resistance of polyethylene (PE) and polypropylene (PP)!. Coating
substrates with alumina or boehmite slurry is a common method, but variation in coating thickness impact
performance. The research optimized the coating thickness of separators with excellent thermal stability through
SEM, 3D profiling, and various analysis. Additionally, we conducted a comparative analysis of the characteristics
of separators with single-side and double-side coating at the same thickness.

EXPERIMENTAL/THEORETICAL STUDY

To confirm the optimized single-side coating thickness, measurements of the single-side coated separator were
conducted using scanning electron microscopy (SEM), surface analysis was performed using a 3D profiler, and
roughness was measured. Additionally, thermomechanical analysis (TMA) was carried out to assess heat
resistance, and ion conductivity performance was compared through electrochemical impedance spectroscopy
(EIS).

RESULTS AND DISCUSSION

The experiment involved analyzing characteristics such as particle size and specific surface area of alumina
powder and evaluating the performance of separators coated with various thicknesses. Results from the analysis
of properties such as air permeability, contact angle, Puncture strength and thermal shrinkage indicated that a
coating thickness of 4 um was optimal, and double-side coating exhibited superior characteristics compared to
single-side coating.

Thickness : 15.2 m

Fig. 1 Scanning electron microscopy (SEM) image of (a) 4 ym (b) 3 um (c) 2 um single-side Al203 coated separators.

CONCLUSION
Among single-side coated separators with thickness of 2 ym, 3 um, 4 um coated separator exhibited the highest

thermal stability. A comparison between the single-side coating and double-side coating at the same 4 um
thickness revealed an improvement in thermal stability when applying double-side coating.
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INTRODUCTION

With the increasing incidents related to the safety of lithium-ion batteries, research is underway on the safety of
heat-resistant separators typically made of polyethylene and polypropylene. Vulnerable to mechanical damage,
these separators can lead to short circuits, increased internal temperature, explosions, and ignition. To enhance
heat resistance, ceramic coating using slurries composed of ceramic particles like boehmite are widely employed®.
This study specifically investigates the impact of ceramic particle characteristics, especially flowability, during
coating on the properties of the separator.

EXPERIMENTAL/THEORETICAL STUDY

In the study, three different size of boehmite powders were used to analyze static and dynamic flowability, as well
as particle size, and specific surface area. These powders were coated on PE separators using an agueous method,
and the coated separators were analyzed for thickness, porosity, contact angle, electrolyte uptake, puncture
strength, and thermal shrinkage. Additionally, CR2032-type coin cells were fabricated to evaluate the
electrochemical properties.

RESULTS AND DISCUSSION
Static and dynamic flowability were excellent in the order of 0.3um, 0.5um and 0.7um. Separators manufactured

through aqueous coating of boehmite particles showed superior properties in various aspects, including
permeability, contact angle, Puncture strength, thermal shrinkage, ion conductivitiy, and cell performance, with

the 0.7um particles exhibiting the best performance.
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(d)cross-section morphologies of the 0.7 um boehmite-coated separator.

CONCLUSION
Among boehmite powders with sizes of 0.3 pm, 0.5um and 0.7 um, the flowability of the 0.7 um was the most

superior. The properties of the separator coated with 0.7 um boehmite powders, which demonstrated excellent
flowability, were superior in the overall analysis.
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INTRODUCTION

Alginate gels are outstanding biomaterials widely applicable in food and pharmaceutical industries.
Although the gelation of alginate and pectin macromolecules is currently described by the eggbox model,
when a-L-guluronic acid residues (G) in dyads (GG) are regularly complexed by Ca?* ions, it has not been
confirmed yet, whether alginate and pectin chains mutually interact to form hybrid eggbox dimers.
Similarly, although it has been postulated that Ca?* ions rapidly attack the guluronic G-blocks through
electrostatic interactions, and Zn?* ions interact with mannuronic M-blocks and guluronic G-blocks via
coordination-covalent bonds, it is not known how the abilities to create different types of interactions
affect the formation of hybrid alginate-pectin gels. This contribution thus addresses these issues and thus
provides a comprehensive insight into the atomic-resolution structure of hybrid alginate/pectin co-
networks double crosslinked by Ca?*/Zn?" ions.

EXPERIMENTAL/THEORETICAL STUDY

To obtain key information we recorded a representative set of *C CP/MAS NMR and FTIR spectra, as well as x-
ray powder diffractograms that were subsequently analyzed by the approach of principal component analysis. In
parallel we performed a series of high-level quantum chemical calculations by which we optimize potential local
and medium-range geometries and predict corresponding NMR parameters.

RESULTS AND DISCUSSION

As a result, by using the comparative multi-dimensional factor analysis of NMR, FTIR and XRPD spectra we
identified signals representing crucial structural motifs at the border between the amorphous and crystalline states,
and elucidate the receptivity of different spectroscopic methods.
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Fig. 1 Graphical representation of the currently accepted eggbox model for alginate and pectin.

CONCLUSION

In summary, by analyzing the large spectroscopic data sets in combination with large-scale NMR parameter
predictions, we have uncovered the structural regularities associated with the formation and diversity of amorphous
and partially ordered phases in alginate-pectin composites and hopefully found relationships between essential
structural motifs and final properties.
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INTRODUCTION

Depolymerization and deoxygenation of kraft, sulfuric acid, and organosolv lignins, as mechanisms to yield bio-oil, were
demonstrated using the MgNiMo/activated charcoal (AC) catalyst in supercritical ethanol. Supercritical ethanol was used as
both the solvent media for depolymerization and the hydrogen source for deoxygenation without additional hydrogen supply'.

EXPERIMENTAL METHODS

An autoclave reactor of 200 mL capacity was used for the reactions. After reaction, all gas, liquid, and solid products were
collected from the reactor for analysis. The characteristics of three differently produced lignins and bio-oils including
elemental composition, HHV, molecular weight, FTIR, and NMR analyses, were determined.

RESULTS AND DISCUSSION

For the kraft, sulfuric acid, and organosolv lignins, bio-oil was obtained by supercritical ethanol reaction using an
MgNiMo/AC catalyst. For effective depolymerization and deoxygenation of lignin, bio-oil yield, solid residue yield, oxygen
content, HHV, molecular weight, gas product composition, and bio-oil composition were examined after a supercritical
reaction. When the reaction time was increased from 0 to 1h in the absence of catalyst, the bio-oil yield decreased and the
solid residue yield increased. The increase of the reaction time without catalyst encouraged repolymerization of
depolymerized lignin. When the catalyst was applied to the supercritical ethanol system, all three lignins showed high and
similar bio-oil yields. Using the MgNiMo/AC catalyst with supercritical ethanol, liquefaction of lignin was effectively
performed. The catalyst promoted the depolymerization of lignin, and the ethanol media inhibited the repolymerization. The
solid residue yields also decreased, and sulfuric acid lignin showed a very significant decrease. In the supercritical ethanol
reaction for Oh without catalyst, the oxygen contents decreased from 27.44 to 23.12% for the kraft lignin, from 38.68 to
27.87% for the sulfuric acid lignin, and from 29.29 to 24.31% for the organosolv lignin. Without catalyst, the oxygen content
decreased with reaction time. In the 1h experiment with catalyst, the oxygen content decreased again. The deoxygenation
effectively occurred by reaction among ethanol, lignins, and MgNiMo/AC. The HHVs increased when the supercritical
ethanol reaction was applied relative to the raw lignins, and increased with increasing time and catalyst use. For the kraft
lignin, the properties of bio-oils under various conditions of time (1, 2, and 3h), temperature (300, 325, and 350°C), catalyst
dosage (2, 4, and 6 wt%), and ethanol to lignin ratio (90:10, 85:15, and 80:20 (w/w)) were compared. When the reaction time
increased, the bio-oil yield increased and the solid residue yield decreased. When the reaction temperature was increased, the
bio-oil yield increased and the solid residue yield decreased. When the catalyst dosage was increased, the bio-oil yield
increased and the solid residue yield decreased. The bio-oil yield decreased and the solid residue yield increased relative to
the case of 90:10 (w/w). The oxygen content was the lowest and the carbon content was the highest at 90:10 (w/w). Among
all of the experiments, the highest HHV, 35.44 MlJ/kg, was obtained at 350°C for 3h reaction time under the 90:10 (w/w)
ethanol to lignin ratio and 4wt% catalyst. The O/C value of bio-oil decreased with increasing time, temperature, and catalyst
dosage for the kraft lignin. The O/C value exhibited the minimum value at the ethanol to lignin ratio of 90:10 (w/w) and
350°C for 3h with 4 wt% catalyst.

CONCLUSION

The bio-oil yields of the kraft, sulfuric acid, and organosolv lignins under the ethanol to lignin ratio of 90:10 (w/w), 4wt%
catalyst, and lh reaction time at 350°C and 10 bar N, pressure were 73.8, 75.4, and 73.0wt%, respectively. When the
MgNiMo/AC catalyst was applied to the supercritical ethanol system, bio-oils were produced with high yields and low
oxygen contents compared with the cases without catalyst.
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INTRODUCTION

The urge for miniaturization is associated with an excessive heating which shifts smaller-scale systems’ working
temperature from optimal values. Galinstan’s large heat conductivity and magnetic material receptiveness?,
motivated us to produce a ferromagnetic fluid with Ni particles incorporated in a Galinstan matrix suitable for
applications in fluidic thermal switches, wireless and remotely controllable through application of external
magnetic fields. At room temperature, these thermal control devices design and adaptability make them a
promising thermal management solution?.

EXPERIMENTAL/THEORETICAL STUDY

The ferromagnetic fluids fabricated used Galinstan batches melted in a sand bath inside a steel pan®. The Ni
microparticles were mechanically grinded with a steel file and posteriorly subjected to orbital ball milling. The
mixing of the Ni particles into the Galinstan liquid was made inside a glove bag with a four-time purged inert Ar
atmosphere. The magnetic material was mixed in and alloyed into the liquid metal using an agate mortar and
pestle until achieving homogeneity?.

To test our fluid’s thermal applicability, we considered the experimental setup in Fig. 1 (a), where the magnetic
field is controlled by the vertical periodic movement of NdFeB magnets automated by a home-made GUI.

RESULTS AND DISCUSSION

Through room-temperature SEM inspection, we found that the
produced Ni particles follow a Weibull distribution with a mean
particle size of (14£9) pum.

In our tests, we considered a mixture with 4 wt.% of Ni and
different occupation levels of a cylindrical loading with 1 cm in
height and diameter. For frequency values ranging from 0.01 Hz
and 1 Hz we were able to achieve a maximum temperature span
of 19.8% between heat source and sink which, combined with

1 L Fig. 1 (b), validates the device ability to control the heat flux and
- s = dissipate heat losses from the source.

(a)

o weme s a0 s w0 @ CONCLUSION

We demonstrated that the produced ferromagnetic fluids are suitable
Fig. 1: (a) Experimental setup used. (b) for thermal management applications. Now, our focus will shift into the
Illustration of the temperature difference between  production of fluids with Ni nanoparticles for smaller-scale applications.
heat source and sink during the switch actuation
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INTRODUCTION
Dynamics of the processes taking place in the PhotoElectroChemical cell (PEC) during green hydrogen
generation! is considered as the most critical challenge to be faced. The key issue is to match the lifetime
of photogenerated carriers to the time needed for the reaction of water splitting to occur. Therefore, it is necessary
to conduct research on ensuring the most effective separation of photo-excited carriers. In the bilayer system the
existence of the interface could contribute to the formation of internal electric field, similarly as in diodes,
which may initiate the separation of photogenerated electron-hole pairs. The authors of this contribution will try
to answer the question concerning the configuration of the TiO2/CuOx based heterojunctions? suitable for
photoelectrochemical applications.

EXPERIMENTAL/THEORETICAL STUDY

Thin film multilayers were obtained by means of sequential reactive magnetron sputtering of Cu and Ti targets.
X-ray diffraction (XRD) and X-ray reflectivity (XRR) were used to analyse the structural properties.
X-ray Absorption Spectroscopy (XAS) and X-ray Photoelectron Spectroscopy (XPS) were performed
at synchrotron SOLARIS (Poland) and Diamond Light Source (UK), respectively. Surface morphology was
studied by Scanning Electron Microscopy (SEM) and Transmission Eletron Microscopy (TEM).
Optical properties were determined with UV-VIS-NIR spectrophotometer. Photocurrent kinetics were measured
in the PhotoElectrochemical Cell designed for this purpose.

RESULTS AND DISCUSSION

Cross-sectional HR-TEM images presented in Figures 1 a,b allow to distinguish well-defined interface between
TiO2 and CuO in two types of bilayer configuration. The comparison of X-ray absorption spectroscopy XAS in
Partial Fluorescence Yield PFY and Total Electron Yield TEY modes enabled to draw conclusions regarding both
volume and surface properties. The analysis includes the evolution of thin films prepared under different
conditions (Fig. 1c) but also in terms of unintentional doping which occurs for TiO,(top)/CuO bilayers, but not for
inverse bilayer configuration in the form of CuO(top)/TiO.. Photoelectrochemical measurements prove that both

L (Cu 2pyy) L, (Cuzp,,) @ types of bilayers act as
oo poncer A~ | P photocathodes and  the
f—————— 1 photocurrent was found to
g Cwo N “*z be dependent on the
: M g thickness of TiO; top layer
3 o N BN % in the TiOx(top)/CuO.

& : Fig. 1 HR-TEM images of
2 % thin film TiOx(top)/CuO (a)
«v) and CuO(top)/TiO; (b). XAS

@ s s =  w Oy L,z spectra for CuOy (C).

CONCLUSION e

Evaluation of the structure, optical, electronic and functional properties of TiO2/CuOyx systems in combination
with electronic band structure of the heterojunctions will be the basis for indicating type of configuration and
interface properties that ensure improved photoelectrochemical properties.
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INTRODUCTION

The steam reforming of ethanol (SRE) is currently considered a promising process for so-called synthesis gas (H2 and CO).
The SRE can be processed on the porous materials bed as solid open-cell foams due to high porosity and great surface area?.
Solid open-cell foams are macroporous reticulated 3D structures constituted by interconnected cavities and made of metals
(aluminum, steel), ceramics (alumina, silicon carbide etc.), or carbon materials. The Lumped-Particle Packed Bed (LPPB)
Reformers have been substantially studied in the past years as a promising reformer to study the thermochemical conversion
of ethanol?. This work has as main objective a theoretical modelling to describe the process variables of the SRE on the
LPPB reformer

THEORETICAL STUDY

The mathematical modelling of the physical system is developed based on the process scheme of photovoltaic energy-driven
SRE. The hybrid system can be built from solar parabolic trough, photovoltaic panels connected to battery bank, and solar
heliostat. The finite volume method is used to solve the full mathematical modelling that involves mathematical models
developed based on equipments of the schematic unit.

RESULTS AND DISCUSSION

Fig. (1a) shows average concentrations of H, and CO as a function of the operating temperature at the exit of the SRE
reformer. Analyzing the syngas (H, and CO) as a function of the operating temperature is an important point because
temperature is considered as indicator for the energy storage. As can be seen in Fig. (1a), both concentrations of H, and CO
increase when the operating temperature raises. In view that, it is noted that H, has presented higher values regarding CO as
the increase of the energy storage. Fig. (1b) reports the yield of H; as a function at different operating temperatures (573-973
K) at the exit of the SRE reformer. As results, the increase of the yield of H; is due to the energy thermal rise in reformer.
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Fig. 1 (a) Average concentrations for H, and CO as a function of the operating temperature at the exit of the SRE
reformer; (b) Yield of H; as a function of the operating temperature.

CONCLUSION

The solar-assisted hybrid energy systems are well-known and can be used in varying applications. The solar-driven reforming

processes have become a promising technology to produce cleaner H,. In this context, it is possible arriving the following

conclusions: (1) as H- is considered an energy carrier, then Hy is going to transport higher energy than CO. (2) The increase

of the yield of H, depends on the rise of the operating temperature and, therefore, the higher yield of H; is at the larger

operating temperature.

REFERENCES

1. V. F. Dias, J. D. Silva. An experimental investigation of gas—liquid—solid transfer and external wetting efficiency on
open-cell foam in a three-phase packed bed reactor: validation and parameter estimation. Braz J Chem Eng 38, 1-18
(2022).

2. S. Anil, S. Indraja, R. Singh, S. Appari, B. Roy. A review on ethanol steam reforming for hydrogen production over
Ni/Al,03 and Ni/CeO; based catalyst powders. International J. Hydrogen Energy 47, 8177-8213 (2022).

ACKNOWLEDGMENTS

The authors of this paper would like to thank the CNPgq (National Council of Scientific and Technological Development) for

the financial support given (Process 56314/2021).

(HE) Hydrogen Energy


mailto:*jornandesdias@poli.br

Magnetocaloric effect on nanocrystalline melt spun R2Fei7 (R=Pr, Nd) ribbons

J.L. Garrido-Alvarez*!, P. Alvarez-Alonso!, C.F. Sanchez-Valdés?, J.A. Blanco!, P. Gorrial, J.L. Sanchez Llamazares'?
1Departamento de Fisica, Universidad de Oviedo, Spain
2Depto. de Fisica y Matematicas, Universidad Auténoma de Ciudad Juarez, Mexico
3Instituto Potosino de Investigacion Cientifica y Tecnoldgica A.C., Mexico
*presenting author: UO237413@uniovi.es

INTRODUCTION

RoFes7 intermetallic alloys, specifically those with R= Pr and Nd undergo second-order magnetic phase transition with Curie
temperatures close to room temperature. These alloys exhibit a notorious broad magnetocaloric effect (MCE), rendering them
exceptionally promising for diverse applications, including the burgeoning field of vibrational/mechanical energy-harvesting.
The fabrication of these alloys into ribbon shape not only enhances their versatility, unlocking a spectrum of potential uses in
various technological domains, but also reduces both economic and ecological processing costs by avoiding lengthy annealing
processes during manufacturing.

EXPERIMENTAL/THEORETICAL STUDY

R2Fei7 (R = Pr and Nd) ribbons were fabricated by melt-spinning®. The crystalline structure of the ribbons was determined
using X-ray diffraction, while the microstructure and nanostructure of the samples were analysed using both scanning and
transmission electron microscopy. Magnetic measurements were conducted in a PPMS magnetometer.

RESULTS AND DISCUSSION

The polycrystalline ribbons with the rhombohedral Th,Zn;7-type crystalline structure (space group R3m) consist of nanograins
that form agglomerated nanocrystalline entities with an approximate average size of 15 nm. These nanograins are separated by
boundaries where the crystalline order disappears. The coexistence of ordered and disordered regions gives rise to the existence
of two successive magnetic phase transitions shown in the low-field magnetization vs. temperature curves. The low-temperature
transition corresponds to the ferro-to-paramagnetic transition of the parent bulk alloy (290 and 326 K for R = Pr and Nd,
respectively?); while the other one can be ascribed to occurring in the disordered boundaries (323 and 350 K for R = Pr and
Nd, respectively). The contribution of the disordered phase to the MCE results in a remarkable broadening of the magnetic
entropy change curve |AS,,|(T) accompanied by an enhanced refrigerant capacity (RC > 200 J-kg™ for R = Pr at yyAH =5 T)
in comparison with the parent bulk alloy®#. Interestingly, a distinctive “table-like” behavior is also observed.
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Fig. 1 Temperature dependence of the magnetic entropy changes for ProFe1z and NdaFe17 melt-spun ribbons.

CONCLUSION

This work signifies progress in optimizing the magnetocaloric response at room temperature. By employing the nanostructuring
of RzFei7 (R= Pr, Nd) fabricated by melt-spinning, we have successfully expanded the temperature range for the magnetic
entropy change, as consequence of the existence of two successive magnetic transitions. Furthermore, we have demonstrated
that a table-like behavior can be obtained under certain conditions. These findings are promising for applications such as
vibrational/mechanical energy-harvesting. Our subsequent research will focus on exploring the impact of tension/pressure on
the magnetocaloric effect to evaluate the performance of these ribbons in power generation from mechanical oscillations.
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INTRODUCTION

It has been suggested that ceramic-carbonate membrane reactors selectively separate CO; at high temperatures
and valorize it via a catalyzed reaction. Recently, reforming processes of hydrocarbons with CO, have been
reinvestigated due to the potential to obtain syngas mixtures exhibiting different stoichiometric ratios of (H2/CO).
For example, dry reforming of CH4 with CO» has been a case study for obtaining a low syngas ratio of about ~1"
As an alternative, propane (CsHs) reforming has recently attracted attention as a new route of decarbonization.?

EXPERIMENTAL/THEORETICAL STUDY

Dense membranes were obtained by uniaxially pressing LiAlO,/Ag powders and the subsequent direct infiltration
of the prepared supports with a eutectic ternary mixture of Li;CO3/Na;COs/. Permeation measurements were
conducted using a commercial Probostat high-temperature permeation system (NORECs) equipped with gas
mixers and flow controllers.? Oxy-CO, reforming reactions into the system were performed by using a catalyst
bed of 10 wt.% Ni supported on CeO, placed on the sweep side. In the membrane's permeate side, the sweep gas
was switched from pure Ar to 7 vol % of CHs4 or Cs;Hs in Ar. Reaction products were analyzed by GC
measurements.

RESULTS AND DISCUSSION

The CO; and O, permeating properties of a LiAlO»/Ag-carbonate membrane are used to oxy-reform methane or
propane in a membrane reactor. Operating at 725-850 °C, the membrane showed outstanding stability and
permeability properties, including CO2/N, and O»/N; selectivity. After packing a Ni/CeO; catalyst, the membrane
reactor produced syngas efficiently, above 800 °C. The membrane survived the long-term permeation test under
working circumstances with little microstructural and permeation alterations. The membrane reactor's
performance was affected by carbon deposition poisoning the catalyst during reaction testing, affecting syngas
production. Thermodynamic simulations supported experimental results.
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Fig. 1 Syngas production when using a sweep of C3;Hs diluted in argon: (a) H, and CO production rate as a function of
temperature.

CONCLUSION
Results are conclusive and evidence the high capability of the studied ceramic-carbonate membrane reactor to combine its
perm-selectivity properties observed at 825-850 °C to perform a catalyzed reaction process such as the oxy-dry reforming.
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INTRODUCTION

ISOLDE-CERN is the worldwide reference facility for the production and delivery of radioactive ion
beams of high purity. The produced beam is dedicated to many different purposes for, e.g., atomic and
nuclear physics, astrophysics, material science, biophysics, and medical research. Since the late 70s the
laboratory is pioneer in the use of nuclear techniques for studying local properties of materials using
high-technology equipment'.

EXPERIMENTAL TECHNIQUES

The brand-new ultra-high-vacuum implantation chamber called ASPIC’s Ion Implantation chamber
(ASCII)* decelerates the radioactive ion beam delivered at ISOLDE-CERN allowing to perform ultra-
low energy ion implantations, and local measurements on the surface and interface of materials. The
new MULTIPAC setup for Perturbed Angular Correlation Experiments in Multiferroic (and Magnetic)
Materials® consists of a unique cryogenic magnetic system that simultaneously allows to measure local
magnetic and ferroelectric properties of materials in magnetic fields up to 8.5 T. Last, but not least, the
eMIL-Setup* is an advanced emission Mossbauer spectrometer for measurements in versatile conditions
of several classes of materials, thanks to the emission Magnetic Mdssbauer Analyzer (eMMA)

extension®,

DISCUSSION

The huge demand for innovative materials, which will be used in the new generation of “green” technology, such as motors,
generators, wind power, photovoltaics, e-mobility, requires local characterization techniques. Our research program offers
this possibility and is open to new ideas and collaborators and the proposals are evaluated by the ISOLDE and Neutron Time-
of-Flight Experiments Committee (INTC).

CONCLUSION

This presentation introduces the new setups as powerful tools and discuss the possibilities of investigations on the frontiers of
solid-state physics research, an update to the literatures’.
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INTRODUCTION

The efficiency of molecular hydrogen storage by nanostructured surfaces depends on the intensity
under which the hydrogen molecules are adsorbed, which can be modulated through decorating of
the adsorbing surface with adatoms. In this work we apply a methodology for determining the degree
of chemisorption and physisorption [1] in order to characterize the adsorption of alkali-metal (AM)
atoms from Li to Cs on hexagonal monolayers of tin carbide (SnC) [2].

THEORETICAL STUDY

The adsorption of adatoms was investigated by calculating the adsorption energy AE on the SnC
monolayer, defined as AE = Eam.snc — (Eam + Esnc), Where Eam.snc, Eam and Egpc are the
Density-Functional-Theory (DFT)-calculated energies for the AM-containing SnC monolayer, the
free AM and the pristine SnC, respectively. In general, the energy E can be broken down as E =
Enon-disp + Edisp Where Eyon_gisp IS the non-dispersive component, originated from guantum
interactions which can give rise to the formation of covalent bonds, and Eg;sp, is the dispersive
component due to long-range interactions. Therefore, it is defined the degree of chemisorption as
Dchem = AEnon-disp/AE and that of physisorption as Dppys = AEgisp/AE.

RESULTS AND DISCUSSION

The degree of chemisorption between the monolayer’s Sn atom and the adatom decreases as the AM
atom’s radius increases from 87.34 % for Li down to 72.56 % for Cs. However, the new formed bonds
among adatoms and the SnC monolayer have mainly physisorption character; i.e., the net
chemisorption degree results as a global effect of non-covalent bonds. Likewise, as expected, the
adsorption energy goes with the chemisorption degree, validating the method for calculating the
chemisorption degree. Finally, the electrons of the highest s atomic levels of AMs are fully transferred
to the C atoms neighboring to the adsorption sites.

CONCLUSIONS

The calculation of the degrees of chemi and physisorption based on the non-dispersive and dispersive
contributions to the adsorption energy allows for a quantitative measure of the adsorption character. The SnC
monolayer adsorbs AM atoms mainly under a chemisorption character although individual linking bonds are
non-covalent. The AM atoms size affects both chemisorption degree and adsorption energy.
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Abstract

ACu3Ti401, (ACTO, where 4 =Ca, Y3, Biys) type of ceramics were successfully
synthesized by semi-wet route. The Single phase formation of these ceramic was
confirmed by powder X-ray diffraction studies. These ceramics were further
characterized by dielectric and impedance studies. The dielectric constant (e;) was found
very high for these ceramics at room temperature. The tangent loss (tan J) value of these
ceramics were found slightly high. Scientists have been working to reduce dielectric
loss by doping or partial substitution of different elements at Cu and Ti sites
independently or simultaneously by applying different synthesis route. The dielectric
constant and tangent loss both decrease with increasing frequency in the lower
frequency regions, while these are almost constant in the higher frequency regions.
Impedance studies were used to see the contributions of grain and grain boundaries

effect.

Fhdekhn



Unraveling the Mechanisms of the First-Order Phase Transition in Near-Equiatomic Fe-Rh Alloys

K. Padrén-Aleman* 12", M. Rivas ¢, J.C. Martinez-Garcia %, P. Alvarez-Alonso ¢, P. Gorria !, J.H. Belo 3, A.M. dos Santos *,
J.L. Sanchez Llamazares °
1Departamento de Fisica, Universidad de Oviedo, Oviedo, Spain
ZInstitut Laue-Langevin, Grenoble, France, presenting & corresponding author (padronk@ill.fr)
3Departamento de Fisica e Astronomia, Faculdade de Ciéncias, Universidade do Porto, Portugal
“Neutron Scattering Division, Oak Ridge National Laboratory, Tennessee, USA
SInstituto Potosino de Investigacion Cientifica y Tecnoldgica A.C., San Luis Potosi, México

INTRODUCTION

Near-equiatomic Fe-Rh alloys exhibit record-breaking giant magnetocaloric effect around room temperature. These alloys
undergo a first-order phase transition (FOPT) from antiferromagnetic (AFM) to ferromagnetic (FM) and vice versa
accompanied by approximately 1 % cell volume change upon heating/cooling while keeping the ordered CsCl-type crystal
structure®. The magnetic properties of these alloys strongly depend on composition and fabrication methods?. Understanding
the underlying mechanisms of the phase transition is, therefore, essential for guiding the material improvement for
applications. In this work, we focused on two bulk alloys with close composition, FesoRhso and FesgRhsi, which display
markedly different FOPT2. To gain insights of the magnetic and structural phase transition, we combined neutron thermo-
diffraction and magnetization analysis along with temperature first-order reversal curves (T-FORC).

EXPERIMENTAL/THEORETICAL STUDY

FeiooxRhx bulk alloys with x = 50 and 51 were prepared by induction melting and thermally annealed at 1000 °C for 48 h2,
Neutron temperature dependent diffractogram patterns were obtained using the time-of-flight technique. Conventional and T-
FORC magnetization measurements, were performed under a constant applied magnetic field poH of 2 T.

RESULTS AND DISCUSSION

The differences in the FOPT of the two alloys are fingerprinted in the T-FORC distribution (Fig. 1). Our analysis and
previous works® suggest that the FOPT in the FesoRhso alloy is governed by internal stresses that lead to coexistent domain
nucleation and growth over a large range of temperatures. In contrast, the presence of an additional Rh atom compared to Fe
in the RhayRhs; alloy can trigger sudden nucleation followed by coalescence, resulting in a very sharp magnetostructural
transition. The reported change of volume of the unit cell in 1% approximately in both alloys, being abrupt in the FesRhs;,
support the above reasoning.

FegRhg,
AFM-FM Transition
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Fig. 1 T-FORC distribution for uoH = 2 T of the transition AFM-FM of (a) FesoRhso and (b) FesgRhs:.

CONCLUSION

The disparity between the T-FORC distribution of each alloy highlights the contrast between both phase transitions. Through
close observation of the evolution of the lattice parameter, the T-FORC, and their T-derivatives, we unraveled the
mechanisms of the transition in each alloy. From our study, the T-FORC analysis emerges as a valuable fingerprint for
capturing typical behaviors.

REFERENCES

1. L.H. Lewis et. al, J. Phys. D: Appl. Phys. 49, 323002 (2016)

2. M.L. Arreguin-Hernandez et. al, J. Alloys. Compd. 871, 159586 (2021)
3. D. J. Keavney et. al, Sci Rep, vol. 8, no. 1 (2018)

ACKNOWLEDGMENTS

Work supported by MCIU, AEI, European FEDER (MCIU-19-RT12018- 094683-B-C52), Principado de Asturias (SV-PA-
21-AYUD/2021/51822), SEP-CONACYT, Mexico (project A1-S-37066), and LINAN (IPICyT), Spain
MCIN/AEI/10.13039/501100011033/, and ERDF, UE (project number: PID2022-138256NB-C21). J.L.S.LL. acknowledges
for the support received from the EU-NGEU, MIU, and Plan de Recuperacién, Transformacion y Resiliencia (Maria
Zambrano program; Ref: MU-21-UP2021-030 71741542).



The effects of surface fluorination on the sintering and electrochemical properties of
oxide-based solid electrolytes (LLTO, LizLazxTiO3)

Kodai Sakaguchi !, Jae-ho Kim*2 and Susumu Yonezawa®
L23pepartment of Materials Science and Engineering, Faculty of Engineering,
University of Fukui, Japan
presenting author
2*corresponding author (kim@matse.u-fukui.ac.jp)

INTRODUCTION

All-solid-state batteries are a next-generation batteries with growing expectations in terms of safety and
performance?. However, there are many challenges. The expansion and contraction of the active material causes
poor interface connection (the surface where the active material and electrolyte are in contact) and cracks in the
electrode, and the performance degradation due to rapid increase in interface resistance is a major issue?. In
particular, the increasing of particle size in making process of the oxide solid electrolytes causes to a decrease in
the contact area with the active material, and makes it difficult to maintain the bonding. In this study, we attempt to
prepare high purity and fine particle solid oxide electrolytes (LLTO, LisxLaxsxTiOs3) for all solid-state batteries by
various synthesis methods such as solid phase method and hydrothermal synthesis, using surface fluorination
techniques

EXPERIMENTAL/THEORETICAL STUDY

The following two methods were attempted in the preparation of oxide solid electrolytes. (1) In the solid phase
method, Li,COs, La,0s, and the fluorine-modified TiO, were mixed in ethanol at a molar ratio of 0.33:0.56:2
(x=0.1), and sintering conditions (temperature (800~1200 °C), time (4~22 h), etc.) were changed. (2) In the
hydrothermal synthesis, the specimens were prepared by mixing a solution containing Li.COs and La,O3 at a molar
ratio of 0.33:0.56:1 (x=0.1), heating and pressurizing the mixture for 24 h at 200 °C in a sample decomposition
vessel (HU-100) and then sintering the mixture for 6 h at 800 °C. A commercial product (Toho Titanium Co., Ltd.)
was used for comparison.

RESULTS AND DISCUSSION

The XRD results (Fig. 1) show that high purity LLTO can be synthesized by the solid-phase method. Fig. 2 shows
that LLTO can be made into finer particles than commercial samples. The improved dispersibility and reactivity of
the raw material may be caused to the effects of surface fluorination.
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Fig.1 XRD patterns for LLTO samples synthesized at various reaction temperatures. Fig.2 SEM micrographs of various LLTO samples. [(a)800°C—900°C—1000°C,
[(2)800°C—900°C—1000°C, (b)800°C—1000°C—1100°C, (b)800°C—1000°C—1100°C, (c)800°C—1100°C—1200°C, (d)commercial sample]

(¢)800°C—1100°C—1200°C, (d)commercial sample]

CONCLUSION

In the solid-phase method, we succeeded in synthesizing high-purity and fine-particle LLTO by using surface fluorination
treatment technology. In this presentation, we will report the results of XRD, FE-SEM, and particle size distribution analysis
of LLTO samples synthesized by methods other than the solid phase method, as well as the electrochemical properties of solid
electrolytes synthesized by the solid phase method.
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In view of the climate crisis and increasing international restrictions with respect to emissions, hydrogen and fuel
cell technology is a promising candidate for future energy supply in all sectors. Research focuses on making the
technology affordable for large-scale implementation, by avoiding the use of platinum group metals,
nanostructuring electrocatalysts, and making the electrochemical processes for hydrogen production as energy-
efficient as possible.

In recent years, the enhancement of water splitting through external magnetic fields has gained great attention from
the research community. Concerning the hydrogen evolution reaction (HER), the reaction responsible for hydrogen
production, its enhancement through magnetic fields is generally ascribed to magnetohydrodynamic (MHD) effects
as a result of electrolyte convection due to Lorentz forces. While most studies focus on the effect of magnetic fields
on sophisticated nanostructured electrodes, the physical nature of magnetic field-enhanced electrocatalysis lacks
investigation.

In this work, the effect of electrolyte concentration on the activity of commercial Ni foam electrodes under the
actuation of a magnetic field is studied in alkaline and neutral media. It is revealed that the effect of magnetic fields
on the HER is significantly enhanced at low concentrations of the electroactive species (OH"). During
chronopotentiometry at a constant current density of —10 mA/cm?, homogeneous magnetic fields are supplied to a
miniature three-electrode electrochemical cell normal to the electric field by means of an electromagnet. 1.2 T,
0.4 T and 0.2 T are applied in the form of pulses of 20-50 s. While at electrolyte concentrations of 1.0 M KOH and
0.1 M KOH, the shift in overpotential when applying a magnetic field of 1.2 T is on the order of 10 mV (thus
making the HER energetically more favourable), at an electrolyte concentration of 0.01 M KOH the enhancement
in overpotential is on the order of 100 mV, both with and without KCI as a supporting electrolyte. Finally, in a
neutral electrolyte containing 1 M KCI (similar to seawater conditions), the improvement in overpotential amounts
to 50 mV. The studies are complemented by linear sweep voltammetries with and without an applied magnetic field.

The observed effects are related to the so-called magnetic gradient force as part of the Kelvin force, which is
established in case of the existence of a gradient in the magnetic flux density B as well as a gradient in the magnetic
susceptibility . The gradient in magnetic susceptibility is caused by a concentration gradient Vc of the
paramagnetic species OH™ through the electrolyte, which develops due to the electric field between the Ni foam
and a Pt counter electrode during HER electrocatalysis, and potentiates at very low species concentrations. In
addition, a gradient of B is established at the interface between the electrolyte and the ferromagnetic Ni foam in a
homogeneous magnetic field. The rotational part of the Kelvin force density, fk, responsible for a mass flow on OH-
species can be expressed as':

VX fi = jTO(Vc) x (VB?)

This work provides new insight on the fundamentals of magnetic-field enhanced electrocatalysis, and the
observations made may have a significant impact on seawater catalysis at close to neutral pH, where the
concentration of electroactive species are low.
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Abstract

This work reports on a simple, yet unique approach to improving the opto-electronic properties of
vertically-aligned arrays of rutile TiO, and Wurzite ZnO nanowires by means of controlled nitrogen
doping during exposure to highly kinetic radio-frequency generated N, plasma radicals. Morphologically,
the plasma treatment causes a distortion of the vertical alignment of the nanowires due to a dissociation of
the weak Van der Waals force clustering the nanowires. Optical spectroscopy show that plasma treatment
increases the light transmission of TiO; arrays from 48% to 90%, with the ZnO arrays exhibiting an
increase from 70% to 90% in the visible to UV range. The as-synthesized TiO- array has an indirect band
gap of 3.13 eV, which reduces to 3.03 eV after N, treatment, with the ZnO equivalent decreasing from
3.20 to 3.17 eV post plasma exposure. A study of the 3d transition metal near edge fine structure of both
Ti and Zn show that the N, plasma treatment of the nanowires results in nitrogen doping of both TiO; and
ZnO lattices; this is confirmed by scanning transmission electron microscopy coupled with energy
dispersive spectroscopy x-ray maps collected of single nanowires, which show a clear distribution of
nitrogen throughout the metal-oxide. Application of these structures in P3HT:PCBM polymer blends
shows progressive improvement in the photoluminescence quenching of the photoactive layer when

incorporating both undoped and nitrogen-doped nanowires.
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INTRODUCTION

Supercapacitors (SCs) are promising devices due to their numerous advantages. Amidst SCs with
pseudocapacitance, spinel-like structured Mn;O4 known as Hausmannite is an encouraging material'. Although,
Mn;Os presents disadvantages®. For these reasons, researchers have developed SCs combining Mn;O4 with pure
carbon materials. Graphene is an excellent choice due to its good electrical conductivity, which could enhance the
electrochemical performance of Mn3O4. In this work, a facile approach is reported to fabricate Hausmannite
Mn304/rGO composites for use in supercapacitor electrodes.

EXPERIMENTAL/THEORETICAL STUDY

Specifically, the Mn30O4 and rGO single phases were synthesized by only 1 hour of dry ball milling and a modified
Hummer method, respectively. Subsequently, composites of different Mn3O4/rGO ratios were practically prepared
by ultrasonic processing. The physicochemical properties of the resultant materials were characterized by SEM,
XRD, Raman spectroscopy, TGA, XPS, and N, adsorption-desorption techniques. Moreover, the electrochemical
performance of an electrode supercapacitor was tested in two different experimental configurations, i.e., a three-
electrode cell and a symmetric supercapacitor-(SSC).

RESULTS AND DISCUSSION

Fig. 1 shows the CV profiles of Mn304/rGO electrodes tested in KOH (6M) electrolyte at a 5 mV s™! scan
rate. The CV curves are quasi-rectangular, exhibiting a nearly symmetrical shape and showing no peaks
in the reduction and oxidation zones. The sample with the best electrochemical performance was MGO-3
with a Cs value of 525 Fg™! in which the nanometer particle and pore sizes are features capable of providing
the highest specific capacitances of the synthesized electrodes.
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CONCLUSION
Mn;304/rGO materials were successfully synthesized using a facile approach. All the fabricated composites showed outstanding
and superior electrochemical properties, taking their single constituents as a baseline. The highest electrochemical capacitance
of 527 F-g' at 5 mV s7! was observed for the sample MGO-3.
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In recent years the research in silica nanoparticles has experienced an exponentially increased owing to their
unique physical-chemical properties that confers on them a great applicability in different fields such as catalysis,
adsorption of pollutants, termoelectrics, among others'. However, their biocompatibility and versatile
functionalization along with their high surface area make them especially suitable for biomedical applications,
e.g., bioimaging, drug delivery and biosensing®®. This work presents the synthesis and characterization of Er-
doped silica carriers by sol-gel method from tetraecthyl orthosilicate as precursor of silica,
cetyltrimethylammonium bromide as pore generating agent and erbium as optical active element. Nanoparticles
were characterized by transmission electron microscopy (TEM), X-ray diffraction (XRD), thermogravimetry,
Raman spectroscopy, Fourier transformed infrared spectroscopy and N, adsorption-desorption isotherms. Results
show a specific surface area of 685 m?/g with a measured pore diameter ranging within 2.5-2.8 nm. We succeed in
introducing the erbium in the silica nanoparticles. As a result, the luminescent intensity of the silica nanoparticles
increased, which in turn opens new perspectives of silica nanoparticles to be used as biological markers or
biosensors.
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INTRODUCTION

Polymers are preferred as electromagnetic interference shielding materials due to many advantages like ease of
synthesis, flexibility, conductivity etc [?. Different materials are considered as appropriate fillers in order to
enhance electrical and magnetic properties of the polymer matrix B, In present work, effect of CaCusTisO12
(CCTO) encapsulation on microwave shielding behaviour of polypyrrole-cobalt ferrite nanocomposites was
studied in X-band (8.2-12.4GHz). This is a novel and emerging material which can be utilised in various
electronic applications, microwave communication and environmental safety.
EXPERIMENTAL/THEORETICAL STUDY

Initially, CCTO was synthesized by modified sol-gel auto combustion technique whereas CoFe,O4 was fabricated
through hydrothermal route. Then, polypyrrole-CoFe.04-CaCusTisO12 nanocomposites were prepared by in-situ
chemical oxidative polymerization technique. The compositions of pyrrole: CoFe;Os. CaCusTisO12 in the
nanocomposites are taken in the ratio 1:0.5:0, 1:0.5:0.1, 1:0.5:0.3 and 1:0.5:0.5 by weight fraction, and denoted as
PF5CO0, PF5C1, PF5C3 and PF5C5 respectively. The nanocomposites were characterized using XRD, FTIR,
VSM, FESEM and VNA to determine their structural and electromagnetic properties.

Fig. 1 X-ray diffraction graph, Fig. 2 FTIR results of nanocomposites, Fig. 3 M-H loop of nanocomposites, Fig. 4 FESEM
image of PF5C5, Fig. 5 and 6 SEt, SEa, SEr and gsfr Of nanocomposites

XRD and FTIR confirms the formation of Polypyrrole-ferrite-CCTO nanocomposites by the presence of all the characteristic
peaks of the materials in the graphs as shown. VSM reveals the decrease in saturation magnetization values of composites
with the addition of CCTO as it is non-magnetic in nature. FESEM studies presents the microstructure of PF5C5 in which the
CCTO and ferrite nanoparticles are attached to polymer chain results into bending of polypyrrole and formation of cup-like
structures. The total shielding effectiveness (SEt) for PF5C5 comes out to be ~ 26dB which is > 20dB fulfilling the
commercial requirement. Along with this, absorption dominated shielding (SEA~18dB) and effective green shielding index
(9sefn>1) makes it green and effective shielding material.

CONCLUSION

Polypyrrole provides the conductive path where the incorporation of CCTO with high dielectric constant lead to interfacial
polarizations responsible for dielectric losses in the material. Moreover, presence of CoFe,O4 results into magnetic losses.
This gives absorption dominated microwave shielding. Also, these investigations outline the highest effective green
shielding as gserry ~ 1.15 makes this novel composite an efficient green shielding material.
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INTRODUCTION

Lighting technology is changing very fast towards an enhanced area of research looking for the best solutions to
get highly efficient, long-life, and architectural appellative products. Solid State Lighting technologies based on
OLEDs-Organic Light Emitting Diodes, became the focus of a huge scientific research in recent years due to
their unique properties. In particular, the white-OLED (WOLED) can be fabricated with a large CCT (color
correlated temperature) range — from cool white to warm white — with high (up to 98) CRI (color rendering
index). However, the use of thermal evaporation methos for device fabrication implies a complex and high-cost
final structure. The focus of the present work is to use the unique properties of organic semiconductor electrical
carrier dynamics, to develop solution deposited WOLEDs in simple device structure, following the concept of
printed electronics. Further optimization can be done once a useful structure and process is established.

RESULTS AND DISCUSSION

Thermally activated delayed fluorescence (TADF) appears as a new generation of emitting for high-efficiency
OLED. In the present study, we chose a blue emission TADF (DMOC-DPS) to combine with TAPC to generate
white light emission by the exciplex principle. The blue emission of the DMOC-DPS and the energy combination
between DMOC-DPS and TAPC results in an orange emission (complementary color to white light generation).
This way, we obtained a WOLED with a color render index (CRI) of around 85, ideal for indoor application. In
the trade-off between device structure simplicity (only two organic layers) and efficiency, we achieved one of the
best results using DMOC-DPS, with an EQE over 5%.
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Fig. 1 Molecular structure of the materials, the energy level diagram of layers, and the exciplex formation.
Electroluminescence spectra of the exciplex OLED and their respective Rf index, the x and y coordinate. Data was measured
at 10, 14, and 16V and with color tuning regarding voltage

CONCLUSION

Simple WOLED structure deposited by solution process, can be obtained with a blue TADF emitter DMOC-DPS that,
combined with TAPC results in an orange emission (complementary color to white light generation). This way, we obtained a
WOLED with a color fidelity index (Rf) of around 85 ideals for indoor application.
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Al-Based Multiclassification Electronic Nose for Detection of Volatile Organic
Compounds
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INTRODUCTION

The development of the electronic nose (e-nose) has made significant advances in the detection of volatile organic
compounds (VOCs), particularly in biomedicine. However, the accuracy of such systems, particularly for very low
biomarkers concentration, is currently a significant drawback. The present work explores the ability of semiconductor
oxidized gas (MOX) sensors, joined with artificial intelligence methods, to enhance the pattern recognition of some
biomarkers related with gastro-intestinal pathologies. The results indicate that e-nose can detect VOCs at a concentration of
mg/L, something never achieved before.

RESULTS AND DISCUSSION

The eNose was made with four different gas sensors from Winsen. Tensor Flow was used to create a multiclassification
Artificial Neural Network that could distinguish the compounds under study: acetic acid, acetone, isopropanol and pentane,
either individually or in mixtures. The best accuracy achieved in training a neural network was 85%. In some situations, the
accuracy was affected by the overfitting problem and could be easily solved with a more complete training dataset. The data
acquisition was optimized (electronic part) and the dataset attempts to include collected data originated from different
fluctuations in the several environment conditions for the sensor (including temperature and humidity).
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CONCLUSION

The developed e-nose shows very promising results. The furthermore complete dataset creation should be able to increase
significantly the already very good accuracy, making such a device a candidate for biomedical applications in the home care
concept.
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Lithium-ion Battery State of Health Prediction from Partial Discharge Curves
Using Artificial Neural Networks
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INTRODUCTION

The present study presents a new machine-learning model for predicting the aging of lithium-ion batteries that combines a
linear regression model with a multiclass classification model. The output result of the model gives a class prediction of the
current state of health of the battery. The inference can be made from a partial discharge curve of a battery, dismissing the
requirement of discharging the battery entirely to get an accurate value of its capacity.

EXPERIMENTAL/THEORETICAL STUDY

The accuracy of the model was optimized by testing different architectures of feedforward fully connected neural
networks, and Random Forest machine-learning algorithms. The Al model was based on both regression /
multiclassification model, employing TensorFlow as a low-level platform. The training / test / validation process
shows good accuracy and a correct classification output. Optimizations made in the prediction process allows
further complete regression output as well as a indicative classification prevision that can be used for any type of
ion-based battery since the correspondent training was correctly made.

RESULTS AND DISCUSSION
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Fig. 1 Battery capacity prediction (a) and the resulting MSE (b). Confusion matrix for the test dataset predictions using the
classification model (c).

The regression model used for predicting the battery capacity was found to be very effective, showing small MSE even when
just a small portion of the discharge curve was used for inference. For the multiclass classification model, the model showed
high accuracy, with an obtained accuracy above 99% for the test dataset.

CONCLUSION

Predictive models based on artificial neural networks were developed to determine the SOH (State of Health) of batteries.
The low computational cost of these models and the ability to predict the battery capacity in reduced time allows their
integration into high-performance microcontrollers to build a compact and portable characterization device for evaluating
battery degradation.

ACKNOWLEDGMENTS

This work is funded by National Funds through the FCR — Fundac&o para a Cieéncia e a Tecnologia, I.P., under the scope of
the projects UID/50025/2020-2023, LA/0037/2020 and 2021.02056.CEECIND. The present study was developed in the
scope of the Project “Agenda NGS” [ Projeto n.°58 ], financed by PRR — Plano de Recuperagdo e Resiliéncia under the Next
Generation EU from the European Union



Rules for Designing Active Layers of Efficient Solution-deposited OLEDs Based on
the host: guest Concept: from Simulations to Real Data
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INTRODUCTION

Some of the most important keys to build efficient Organic Licht Emitting Diodes (OLEDs) from solution
deposited methods, that, simultaneously have simple device structure and good efficiency, are the modulation of
the electrical profile of emissive layer and the consequent design of such layer based on the host: guest concept.

The best approach for the fabrication process was a hybrid approach of the solution and a thermally evaporated
process, keeping the device structure with only two organic layers.

In this work, a complete overview of the methods for building OLEDs active layers employing TADF emitters
(thermally activated delayed fluorescence) processed by solution, is explored. The focus is the host: guest concert,
both explored by theoretical simulation of injection/transport of charge and further recombination/loss. All the
hypotheses will be exemplified by experimental data.

RESULTS

With proper optimization of the device structure with two-organic layers, we can achieve higher EQE for three
different emitters. In this context, OLEDs with emitters red-orange 2-[4 (diphenylamino)phenyl]-10,10-dioxide-
9H-thioxanthen-9-one (TXO-TPA), green 2,5-bis(4-(10H-phenoxazin-10-yl)phenyl)-1,3,4-oxadiazole (2PXZ-
OXD) and blue bis[4-(3,6-dimethoxycarbazole)phenyl]sulfone (DMOC-DPS) have been explored by doping in a
mixed p-type, n-type and bipolar host system of poly(N-vinylcarbazole) (PVK) with 1,3-Bis(N-
carbazolyl)benzene (mCP), 1,3-Bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-yl]benzene (OXD-7), 2,2',2"-(1,3,5-
Benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) (TPBi) and 4,4'-Bis(N-carbazolyl)-1,1'-biphenyl (CBP). The
devices were fabricated with the electron transport layer (ETL) of 1,3,5-Tri(m-pyridin-3-ylphenyl)benzene
(Tm3PyPB). Furthermore, the devices were compared with different thicknesses of both ETL and an emissive
layer. The red TXO-TPA exhibited EQE over 18%; sky blue OLEDs of DMOC-DPS with high EQE of near 6%;
and the green 2PXZ-OXD in mCP exhibited EQE over 20%. All turn on voltage (VON) are near 3V, Numerical
simulations are used to design the device structure.

Fig. 1 Two-organic layers OLEDs deposited by solution process (orange-red, green and blue emitters)

CONCLUSION

The optimization of simple OLED device structure, employing efficient emitters, can be achieved by a correct design of the
active layer, that can be modulated by physical simulation. Such a process, together different host systems based on their
electrical carrier properties, establishes a new framework for printed based methods for OLEDs fabrication.



Developing of Two Different Types of Polymeric Nanoparticles as Carriers of Doxorubicin
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INTRODUCTION
Doxorubicin is a well-known anticancer drug which is pronouncedly used in various antitumor therapies. However, there are
some major limitations to its application which are still unresolved. For instance, it possesses highly pronounced photolysis
in aqueous solutions®. The incorporation of the drug into polymeric nanoparticles is an appropriate strategy to improve its
stability?3. The aim of this research is to encapsulate doxorubicin into polymeric nanomicelles and nanogels, and to evaluate
their characteristics.

EXPERIMENTAL STUDY

Doxorubicin-loaded micelles were prepared with the non-toxic Pluronic P123 and F127 copolymers via film hydration
method. Drug-loaded nanogels were prepared from the natural polymers chitosan and albumin via electrostatic gelation
method. The mean size and polydispersity index (PDI) were determined via dynamic light scattering method (DLS) and the
shape via transmission electron microscopy (TEM). The in vitro release tests were conducted via dialysis in buffers with pH
5 and 7.4. The stability of the drug in reference aqueous solution and nanoparticles was evaluated under daylight for 30 days.

RESULTS AND DISCUSSION

The loaded nanomicelles and nanogels were prepared at a ratio 1:10 between the drug and the polymers. The encapsulation
efficiency of doxorubicin into the nanomicelles was found to be 96 %, while into the nanogels it was 75 %. DLS analysis
revealed small mean diameters (57 nm and 29 nm for micelles and nanogels, respectively) and narrow size distribution (PDI
of 0.296 and 0.223, respectively). TEM analysis showed a spherical shape and confirmed the small mean size of the
nanoparticles (Fig. 1).

a . b
Fig. 1 TEM of the loaded micelles (a) and nanogels (b)
The in vitro release tests showed sustained release for 24 h when the drug was loaded in the micelles and 8 hours when
incorporated into the nanogels, with slightly faster release in the medium with acidic pH (Fig. 2, a and b). Regarding the
stability of the pure and encapsulated drug, a significant protection after its encapsulation in both types of the nanoparticles

was observed. After 30 days of sunlight exposure a degradation of 33% in the reference solution, only 3% when encapsulated
in the micelles and no degradation in the nanogels were detected (Fig. 2, c).
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Fig. 2 In vitro release profiles of loaded micelles (a) and nanogels (b) in media with pH of 5 and 7.4, and photolysis of pure
doxorubicin (DOX) and encapsulated in micelles (DM) or nanogels (DN) under daylight exposure (c)

CONCLUSION
The two types of nanoparticles developed, namely nanomicelles and nanogels, were characterized as appropriate drug
delivery systems for the anticancer drug doxorubicin and significantly improved its stability.
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Structural, Electronic and Vibrational Properties of CuScSi Half Heusler
Compound: A First Principle Approach
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Motivated by the excellent thermoelectric properties of half-Heusler compounds, study of structural
optimization, electronic band structure and phonon dynamics of a new half Heusler compound CuScSi
have been carried out by using first principle approach. The calculated results will be interpreted with
the existing experimental results. It has been observed that half Heusler compound CuScSi is a
semiconductor with a band gap 0.15 eV. All calculated phonon modes are found to be positive confirms
its dynamical stability. The negative formation energy confirms the chemical stability of the compound.



The interplay of material from and cation ratios in multimetallic pentlandite
catalysts
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INTRODUCTION
In response to the current movement away from fossil fuels in the energy-oriented industry the production and utilization of
hydrogen emerges as one of the more intriguing solution. Primarily derived from the processing of fossil fuels!?, hydrogen
can be produced by environmentally friendly water electrolysis process and related hydrogen evolution reaction (HER).
Currently, platinum and precious metal compounds®* are the most important catalysts of the HER process in commercial
applications. However, a potential alternative is represented by transition metal chalcogenides characterized by pentlandite
structure TMoChsg (TM — transition metals, Ch — chalcogenides) >¢. Numerous studies indicate that the HER performance of
these materials*” can be tailored both by the catalyst form (powder anchored to metallic electrode, ingot, sintered solids) and
by chemical composition affecting the so-called intrinsic materials’ properties. As the next step in optimizing these materials,
we want to present an assessment of the catalytic properties of pentlandites as a function of their morphology, focusing on
changes in the Co, Fe, and Ni ratios in the cationic sublattice and an equimolar ratio of sulfur and selenium in the anionic
sublattice (Coo.x.yFexNiySsSes). Examining these materials as powders, ingots, and sintered pellets provide a valuable insight
into the chemical composition, morphology, and catalytic performance relationships, while, examining sintered pellets acting
as actual catalysts and electrode simultaneously, constitutes increased simplicity of obtaining these functional catalysts.
EXPERIMENTAL/THEORETICAL STUDY
Pentlandites were synthesized using direct reaction between elements in a tube furnace. The materials were investigated in
forms of: powder catalysts anchored to the screen-printed electrodes, ingot samples cut directly after synthesis without any
additional processing, and pellets sintered by means of inductive hot pressing (IHP) method. HER processing was performed
in a conventional three-electrode system with pentlandites acting as working electrode, Pt + Pt black as an auxiliary, and
Ag/AgCI as the reference electrode. The measuring procedure covering determination of HER activity before and after
stability tests, determination of electrochemical surface active area (ECSA), and stability tests was performed accordingly to
the reported electrochemical methodology using Gamry equipment.
RESULTS AND DISCUSSION
Maintaining an equimolar ratio of metals in ternary and quaternary pentlandites, a small addition of selenium translates into
the highest catalytic activity as long as the surface development is significant (powder catalysts). For materials in solid form,
a higher addition of selenium seems to positively influence catalytic parameters. By maintaining high concentration of
selenium in the material but controlling the concentration of individual metals, it has been demonstrated that for powder
catalysts, the most favorable ones have a high iron content. Conversely, with an increase in material density and a decrease in
surface development (ingots, pellets), the best-performing samples are those with a high nickel concentration. The content of
these two elements seems to be crucial in designing multicomponent catalysts based on pentlandites.
CONCLUSION
The study presented that multicomponent pentlandites can be successfully utilized in electrolyzers not only in powder form
anchored to metallic electrodes but also as electrodes themselves in solid form. Considering Se-rich systems, it was
demonstrated that nickel (similarly to selenium itself) reduces the ECSA, generating higher currents at relatively low
overpotentials. The iron content is also crucial, significantly influencing the HER performance due to the attractiveness of
active sites. The presence of cobalt in quaternary systems is negligible in terms of HER activity but enhances the durability of
these materials under operating conditions’.
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ABSTRACT

The cutting-edge field of heterogeneous catalysis is prominently influenced by single-atom decoration, which
exploits the remarkable atomic-level efficiency of catalysts. Simultaneously, there is a growing interest in TiO;
nanosheets adorned with single atoms?, owing to their abundant surface-exposed reactive sites and strong binding
affinity towards these atomic species. This intriguing development reduces catalyst costs while preserving
exceptional performance in the realm of photocatalytic hydrogen (H2) generation from water. In this study, we
employ light-induced methods to create precisely defined atomic-scale defects on the surface of highly active TiO,
nanosheets, with a predominant exposure of the (001) facet. Light-induced in situ formation of Ti** defects on TiO-
nanosheets plays a crucial role in achieving uniform and stable dispersion of Pt single atoms (SAs), leading to high
efficiency in Pt SA co-catalyzed photocatalytic H, production. Remarkably, we conducted experiments using
identical parameters under photo-deposition conditions to facilitate a more comprehensive comparison.
Surprisingly, Pt decoration on the photo-deposited samples resulted in the formation of complete nanoparticles, and
the Hz production rate was significantly lower than those prepared using light-induced methods. In the context of
this research, it was observed that under UV-LED light irradiation, the oxidation of TiO, to Ti® is a reversible
process. Upon light cessation, reduction occurs. It was found that the most favorable adsorption of Pt single atoms
occurs precisely 5 minutes after light interruption (Fig 1). Any deviation from this specific duration, whether
extended or reduced, results in the formation of nanoparticles, leading to a subsequent decrease in the co-catalytic
efficiency for H, production. Thus, this study offers a straightforward method for fully harnessing the potential of

noble metal catalysts by successfully forming single atoms (SASs).
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ABSTRACT

Single-atom (SA) decoration represents the forefront of technological advancements in heterogeneous catalysis,
harnessing the exceptional performance of catalysts at the atomic level. However, the high surface energy of isolated
atoms often leads to agglomeration, resulting in the formation of nanoparticles. To address this challenge, trapping
single atoms within surface defects has emerged as an effective strategy for atom immobilization. Conventional
defect engineering techniques, such as high-temperature thermal reduction, suffer from adverse effects, such as
sintering of the support material. In this study, we introduce a novel and facile room-temperature sonochemical
method to induce well-defined atomic-scale defects on the surface of highly active TiO, nanosheets, predominantly
exposing the (001) facet. By introducing a highly diluted Pt precursor to the ultrasonicated nanosheet slurry, isolated
Pt atoms were selectively trapped within freshly formed defects. Remarkably, the resulting Pt single atom decorated
samples exhibit a striking 100-fold increase in photocatalytic H, evolution compared to pristine TiO, nanosheets.
Notably, we demonstrate that the density of the generated defects and the loading of Pt single atoms can be precisely
tailored by adjusting the sonication time. Atomic-scale characterization, complemented by density functional theory
(DFT) calculations, provides compelling evidence of the strong bonding between Pt single atoms and the defects
generated via sonochemical treatment. Our findings offer a promising approach for defect engineering and SA
decoration on a larger scale, underscoring the significant potential of this room-temperature technique for
heterogeneous catalysis.
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Fig. 1 Sonochemical defect formation enables room temperature defect engineering and facilitates the deposition of single atom
Pt for photocatalytic hydrogen production.
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INTRODUCTION

Hydrogen (Hy) is a versatile and clean energy carrier that plays a pivotal role in addressing global energy challenges and
mitigating climate change. Green H, production can be obtained by thermochemical cycles. In this process a metal oxide is
thermally reduced using solar energy. Subsequently, it is oxidized with water (H-O) to produce H.. Perovskites are promising
materials for this application as they are non-stoichiometric oxides with good redox properties [1]. However, it is important
to ensure that the synthesis of these materials is sustainable. To evaluate this fact, the Life Cycle Analysis (LCA) can be used
to assess contributions of the synthesis method to potential environmental impacts such as greenhouse gas emissions, energy
consumption, or water pollution, among others [2]. So, in this work, we present two synthesis routes to obtain a
Lao6Sro4Coo2FeosOsss perovskite for green Ha production through thermochemical cycles and the environmental evaluation
of both methods through life cycle analysis, in order to determine the optimal synthesis methodology.
EXPERIMENTAL/THEORETICAL STUDY

The perovskite was synthesized by three different methodologies, conventional Pechini method (acid pH), modified Pechini
method (basic pH) [3], and reactive grinding. Afterwards, they were evaluated for H, production through thermochemical
cycles using an experimental system with a tubular furnace coupled to a H, and O, gas analyzer. The reduction step was
performed at 1000 °C, while the oxidation was performed at 800 °C. Afterwards, LCA was conducted to determine the best
synthesis methodology, considering various environmental aspects. The functional unit was the production of 1 cm® of H,
and the methodology for comparison among synthesis methods was ReCiPe 2016 Midpoint (H) V1.07.

RESULTS AND DISCUSSION
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warming  ecotoxicity ecotoxicity  scarcity warming  ecotoxicity ecotoxicity  scarcity . . . . .
Figure 1. a) Normalized higher potential environmental impacts, and b) ~ S€€M the reactive grinding synthesis methodology is

Contribution of the raw material extraction and energy consumption. the _|e_a5t harmful due to its higher SythGSiS yii?lda
avoiding also the use of solvents and intermediate

thermal steps. Additionally, most of the potential impacts are attributed to the extraction of raw materials, except for global
warming which is mainly caused by the energy consumption of the processes, which is mostly obtained by fossil fuels
according to the Spanish energy mix (Figure 1b).

CONCLUSION

Finally, it can be concluded that the LaosSro4Coo2FeosOs+s Is a promising perovskite for green Hz production through
thermochemical cycles with an activity of 4.5 cm® STP/gmaeriai-Cycle. Additionally, it can be confirmed that the best synthesis
methodology is reactive grinding due to the lower environmental impact and the highest H, production.
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INTRODUCTION

The isomerization of sugars is a category of processes that, if harnessed, will unlock the potential of utilizing
biomass for the production of high value platform chemicals.® This is extremely significant from an energetic
balance point of view since carbohydrates make up the majority (up to 60%) of biomass-derived feedstock.? We
have developed advanced nanomaterials based on zeolites that are capable to carry out these isomerizations.

EXPERIMENTAL/THEORETICAL STUDY

Through the utilization of characterizations such as chemisorption, XPS, XRD, NMR, HAADF-STEM, and
EXAFS, we were able to establish that a simple impregnation method for creating our catalysts resulted in Sn/Y
primarily consisting of small SnO- clusters on the outer surface of the zeolite. On the other hand, Ga/Y consisted
of well-dispersed Ga species predominantly located within the zeolite pores (Fig. 1).

RESULTS AND DISCUSSION
This study utilizes zeolite Y as a support for synthesizing Sn and Ga-doped zeolites, with the objective of
catalyzing the isomerization of glucose into fructose (Fig. 2).** While our materials do not react in water, they do
react in alcohol media though to different extents. We could determine a reaction pathway that involves a hydride
shift for converting glucose to fructose and mannose, as well as a Brgnsted acid pathway that forms a methyl
fructoside intermediate and then hydrolyzes it to fructose, if water is added subsequently.
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Fig. 1. (A) HAADF-STEM image of a Sn/Y catalyst and (B) Fig. 2. Effect of methanol and water as sequential solvents
of a Ga/Y catalyst prepared via wetness impregnation. using Ga/Y (and Sn/Y) catalysts.

CONCLUSION

It is rather surprising to obtain a highly dispersed metal by using a straightforward impregnation protocol, and this
could have implications beyond our study. This phenomenon has been rarely observed so far, and only by using
when using Fe and vacuum synthesis methods and with alkali metals as promoters.® As such, our study may have
drastic implications on the exploitation of biomass for chemicals.
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INTRODUCTION

Semiconductor quantum dots (QDs) have attracted significant scientific interest due to their extraordinary optical
characteristics, including size-dependent absorption and photoluminescence spectra, almost unitary emission
quantum yields, combined with their solution-processability and synthetic control'. More recently, colloidal QDs
are increasingly being used as building blocks for mesoscale assemblies known as superparticles (SPs)?, expanding
their potential for optoelectronic applications. Here, we present a systematic optical study of the lasing properties
of SPs assembled from CdSe/CdS core/shell QDs with unitary photoluminescence quantum yield.

EXPERIMENTAL STUDY
We performed the study by using steady-state and time-resolved optical spectroscopies under tunable laser
excitation, coupled with an optical microscope to analyze the properties at a single-SP level.

RESULTS AND DISCUSSION

The use of a source-sink emulsion process on CdSe/CdS core/shell QDs allows the production of red fluorescent
SPs with 10 um diameter” (Figure 1a). These SPs behave as spherical microcavities capable of lasing through the
narrow whispering-gallery modes resonances associated with the circular geometry. The emission of individual SPs
was studied in detail below and above the lasing threshold (Figure 1b) as a function of the excitation power and
excitation wavelength. We achieve narrow single- or multi-modal lasing emission under optimized experimental
conditions of optical pumping and sample choice. We show that lasing from individual SPs is spectrally tunable by
the choice of excitation wavelength (Figure 1c) depending on whether the core or shell of the QDs is primarily
photoexcited. While we measure the SP lasing emission to be isotropic, achieving simultaneous physical and optical
coupling to an optical fiber achieves directionality, producing a microlaser that can be integrated with existing
photonic technologies. Interestingly, we also demonstrate that lasing spectra are extremely sensitive to the
morphology and the environment of each individual SP, representing a unique fingerprint that paves the way to
applications in anticounterfeiting, random number generation, and sensing.
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Fig. 1 (a) Microphotoluminescence image of SPs. The brightest SP is being excited above lasing threshold (b) Emission spectra of a single
SP below and above lasing threshold. (c) Lasing spectra of the same SP under two different pumping wavelengths.

CONCLUSION
The unique properties of superstructures obtained by the self-assembly of core/shell QDs, behaving as tunable microlasers, are
studied in detail revealing a huge potential for multiple applications in photonics and optoelectronics.
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INTRODUCTION

The use of residual biomass for producing fuels follows the global trend of converting waste into high value
products, avoiding the accumulation in the environment and reducing the use of fossil sources. The catalytic
pyrolysis of biomass is a promising route to obtain bio-oil, which is a candidate to replace diesel. Aiming to
produce high quality bio-oil, clays (montmorillonite) with different acidities were evaluated in the catalytic
pyrolysis of industrial grape residues, in this work. As far as we known, there is no study about this system which
offers several possibilities of applications, such as the production of several chemicals, besides biofuels.

EXPERIMENTAL/THEORETICAL STUDY

A commercial montmorillonite clay (Sigma Aldrich, CAS 1318-93-0), designated as K, was dried and dispersed
in solutions of hydrochloric acid (1, 2, 4 and 6 mol L), followed by drying at 60 °C for 48 h. The samples were
named K1, K2, K4 and K6, where the numbers represent the concentration of acid solution. The solids were
characterized by X-ray diffraction, textural analysis by nitrogen adsorption and acidity measurements by
temperature-programmed ammonia desorption.

Sirah grape residues (skin and seeds) from a wine producer were crushed, sieved and dried in an oven at 60 °C for
24 h. For the catalytic pyrolysis experiments, biomass was mixed with the selected catalyst in a ratio of 1/1. The
experiments were performed in a Py-GC/MS (Shimadzu) under nitrogen flow. The thermokinetic study was
performed in TGA Q50 equipment (Universal) using 10 mg of sample at heating rates of 5, 10, 15 and 20 °C min
! under nitrogen flow. Thermokinetic parameters were determined by the isoconversional, non-isothermal
methods of Flynn-Wall-Ozawa (FWO), Kissinger-Akahira-Sunose (KAS) and Friedman.

RESULTS AND DISCUSSION

Typical X-ray diffraction profiles of montmorillonite clay were shown by all samples and no change in specific
surface area was noted, regardless the acid concentration. Only weak and moderate acidic sites were identified for
K sample. After treatment, the total amount of acid sites increased for all clays, except for K2 sample, K4
showing the highest value, followed by K1> K6> K1> K2. Strong acid sites (T > 550 °C) were created in the
treatment for all clays, K1 showing the highest amount, followed by K6 and K4.

The FWO method produced the best fit for experimental pyrolysis data, this method being chosen to calculate the
activation energies (Ea) for the catalytic and non-catalytic reactions. As expected, the values changed during
pyrolysis, due the different stages during reaction® In a general trend, during cellulose and hemicellulose
decomposition, 50% of biomass are converted to products, at around 277 and 344 °C, respectively. At these
conditions, Ea strongly decreased for acidified catalysts, due to the activity of the acid sites in cracking,
oligomerization, decarboxylation and decarbonylation®. The average activation energy for non-catalytic pyrolysis
(75 kJ mol) was not changed for pyrolysis over K (72 kJ mol). However, over the acidified catalysts, the values
change significantly indicating new reaction pathways to produce bio-oils with different compositions, as shown
by CG/MS. The catalysts decreased the amount of oxygenates, generating high quality bio-oil.

CONCLUSION

The creation of strong acid site on montmorillonite increased its catalytic activity for cracking, oligomerization,
decarboxylation and decarbonylation, leading to the production of high-quality bio-oil.
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INTRODUCTION

As the main greenhouse gas, carbon dioxide has been extensively investigated in last years, several technologies
being proposed for its capture, storage and utilization. Adsorption is recognized as a promising option to the
capture, due to the simplicity and low cost. However, new efficient adsorbents are still needed to make this
technology commercially viable. The combination of MCM-41 and lanthanum oxide has proven to result in
promising adsorbents, because of the large pores and the high specific surface area of MCM-41, as well as of the
basic character of lanthanum oxide, creating high chemical affinity to carbon dioxide!. Aiming to get efficient
adsorbents for carbon dioxide capture, mesoporous MCM-41-supported lanthanum (x/MCM-41; x = 5; 10; 20 and
30% La) adsorbents were studied in this work.

EXPERIMENTAL/THEORETICAL STUDY

The samples were prepared by wet impregnation of lanthanum precursor on MCM-41 previously prepared. The
adsorbents were characterized by X-ray diffraction, nitrogen adsorption/desorption and basicity measurements by
TPD/CO,. The adsorption capacity was evaluated by thermoprogrammed desorption. The data of adsorption
kinetics were fitted using the pseudo-first order, pseudo-second order, intraparticle diffusion and Elovich models.
The adsorbents were reused for ten cycles, being regenerated after each cycle.

RESULTS AND DISCUSSION

The samples showed typical X-ray diffractograms of MCM-41 ordered mesoporous hexagonal structure,
regardless lanthanum incorporation. However, the lanthanum-containing samples became less ordered.
All isotherms were type 1V and the pore distribution curves were narrow unimodal (2-4 nm). However,
the specific surface area largely decreased (from 1156 for MCM-41 to 620 m? g* for lanthanum-
containing samples) with lanthanum increasing. The average mesopores diameter and volume were
decreased by lanthanum, suggesting that some were occupied by the bulky La®*" ions, causing the
decrease in specific surface area. In spite of this, lanthanum increased the adsorbent efficiency and
stability after ten cycles of reuse. The sample with 5% La adsorved more carbon dioxide (38.8
mgCO2/(g ads)™?) than pure MCM-41 (34.1 mgCO2/(g ads)™?), followed by the solids with 10, 20 and
30% La, the first one showing a value close to MCM-41. During reuse, MCM-41 strongly deactivated,
reaching values much lower than lanthanum-containg samples, the solid with 5% showing the highest
vale (34.8 mgCO./(g ads)™). Therefore, lanthanum not only increased carbon dioxide capture but also
the stability for ten cycles. The adsortion over lanthanum-poorest sample (5%), as well as over MCM-
41, showed a kinetic behavior according Elovich model, indicating that chemisorption is the rate-
determining step. Over the other samples, the best fit was provided by the Pseudo-First Order model,

showing that adsorption capacity is proportional to the number of active sites on the adsorbent.
CONCLUSION

Lanthanum improves the capture of carbon dioxide by MCM-41 and the stability of the adsorbents for ten cycles. This can be
related to the basic sites for chemisorption provided by lanthanum. For MCM-41 and 5%La/MCM-41, the adsorption kinetics
is described by Elovich model, indicating that chemisorption is the rate-determining step. For the other samples, the behavior
is described by PFO model, according to which the adsorption capacity is proportional to the number of active sites on the
adsorbent. 5%La/MCM-41 showed the highest adsorption capacity and stability for ten cycles.
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Background & Aim The Pr-based crystal Pr,0,SO, has recently attracted experimental interest for its potential as
a high quality cathode for Solid Oxide Fuel Cells [1], [2] and as an oxygen storage material [3]. This project has
the objective of theoretically exploring the structural, electronic and magnetic properties of this lanthanide
oxysulfate with an oxysulfide counterpart Pr,O2s.

Methods We will use first-principles techniques to compute and characterize the stable crystal structures. Our
calculations will be based on Density Functional Theory (DFT) [4] as implemented in the Quantum Espresso
(QE) software package. We will employ exchange-correlation functionals based on the general gradient
approximation (GGA) within the Perdew-Burke-Enzerhof (PBE) scheme. As a member of the lanthanoid series,
Pr is a heavy element with unfilled f-orbitals, which means that special care must be taken to assess possible
magnetic ground-states, as well as respective strongly correlated states. To address this we will also perform
DFT+U calculations, which add a Hubbard term to the density functional to better capture the above mentioned
effects.

Results After converging the parameters related to the
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This figure has been adapted from ref. [1] Pr,0,SO, Pr,0,S

Conclusions By theoretically understanding the characteristics of Pr,0,SO, and Pr;0,S, and the physics
underlying the functionality of these materials, it will allow for the optimization of the required parameters for
other possible applications.
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INTRODUCTION

The As the downscaling of conventional electronic components reaches its limit, resistive switching (RS) devices
have emerged as a promising novel technology, with applications ranging from non-volatile memories' to
neuromorphic systems?. Metal-insulator-metal memristive devices are one of the most interesting devices in the
field of memories, presenting RS and resembling properties of neural synapses, while offering the possibility of
high-density integration®. The integration of 2D materials on RS devices has gained attention in the past years for
performance enhancement. In particular, MXenes (e.g., TisC,Tx) are known for their excellent electrical,
mechanical, and chemical properties, and their resistive switching ability has already been demonstrated*.

EXPERIMENTAL/THEORETICAL STUDY

We have explored the incorporation of MXenes into polymeric matrices®. Polyvinylidene fluoride (PVDF) is
known for its good electrochemical and thermal stability, as well as mechanical robustness, allowing great
flexibility, toward flexible memristive architectures. By combining these materials, we can enhance the electrical
response of the polymer. After exfoliating the T2C3Tx from the MAX phase, the Ti,CsTx/PVDF composite was
synthesized by dispersion of the 2D flakes in the polymer matrix, using dimethylformamide (DMF) as solvent,
and by magnetic stirring under 60 °C for 2h. The composite active layer was deposited through spin-coating, in
either an ITO or W bottom electrode, and using W/Ag to define microsized circular top electrodes. The
Ti,C3Tx/PVDF weight ratio was varied from 1% to 10%.

RESULTS AND DISCUSSION

We achieved resistive switching in PVDF polymer by inserting 3 wt.% Ti;C,Tx in the polymer matrix. Bipolar
resistive switching was observed in the devices, with low SET and REST voltages comprehended between -0.5
and 0.5 V, and on Ron/Rore ratio around 10. Different variables involved in the variability of switching
parameters were tested, such as forming voltage, switching voltage magnitude and polarity and current
compliance.

CONCLUSION
We will perform studies of chemical stability of the devices and MXenes in PVDF. These results are in the path to
develop more resilient memristors, towards non-volatile memories and neuromorphic systems.
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Abstract

Molecular ferroelectric materials have many advantages in comparison to the inorganic
ferroelectrics, like moderate synthesis temperature, lower weight, high structural variability,
etc. Organic ferroelectric materials that are water soluble can be embedded in organic
polymers to protect it from moisture and enhance its mechanical flexibility and stability. For
the application in some devices it is important that such composites preserve its ferroelectric
properties. 2-(hydroxymethyl)-2-nitro-1,3-propanediol is a molecular ferroelectric material
with a spontaneous polarization of 8 uC/cm?, several polarizations directions and good
piezoelectric properties (27.8 pC/N)[1]. In this work we prepared P(VDF-TrFE) composite
films with the ferroelectric 2-(hydroxymethyl)-2-nitro-1,3-propanediol as filler material, and
investigated the dielectric and ferroelectric properties of the flexible films. XRD results show
that the crystal structure of the filler material do not change during film preparation process,
and that the composites possess ferroelectric behaviour with a ferroelectric-paraelectric
phase transition at around 390 K at different frequencies.
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Picture 1. Ferroelectric and dielectric properties of the composites PVDF-TrFE/ Tris
(hydroxymethyl) nitromethane.
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INTRODUCTION

The fluids that work inside the tubes of the solar thermal collectors normally work in a laminar regime and are
subject to asymmetric boundary conditions?. In recent years, various fluids, such as nanofluids and ionanofluids,
have been tested in these collectors to improve or solve specific problems. The publicly accessible HEATT®
platform can solve these types of problems?.

EXPERIMENTAL/THEORETICAL STUDY

Based on bibliographic and experimental data on the characterization of ionic liquids and ionanofluids, their
behavior in thermal solar collectors on the HEATT platform has been simulated. The behavior of different fluids
(water, ionic liquid and graphene oxide ionanofluid) has been simulated to evaluate their use in solar collectors.

RESULTS AND DISCUSSION

HEATT provides the fluid temperature fields in the different sections of the conduit along the pipe graphically
and numerically. The results allow determining the characteristic length of the process or optimal length in terms
of the design of the solar collector pipes for all these fluids, as well as visualizing their temperature field, which in
cases of high viscosity can be an indication of possible problems.

Fig. 1 Temperature field of the cross sections along the pipe in L/10, 2L/10, 3L/10 etc.

CONCLUSION

The behavior of different liquids (water, ionic liquid, and graphene oxide ionanofluid) has been modeled to
evaluate their use in thermal solar collectors. It has been observed that the ionic liquid and to a lesser extent the
ionanofluid present a very inhomogeneous temperature distribution in the usual lengths in flat solar collectors,
requiring greater length to achieve a complete development of the thermal field inside.
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INTRODUCTION

As a continuation of previous work?, the present study is aimed to obtain an electrically conductive 3D printable
material using digital light processing (DLP), made from a bio-based resin and polyaniline/multiwalled carbon
nanotube filler (PANI-CNT). The final purpose was obtaining a flexible and high electrically conductive material
more environmentally friendly with the advantages given by the 3D printing, such as low cost and adaptable
design.

EXPERIMENTAL/THEORETICAL STUDY

The samples were obtained through 3D printing, with the DLP technology (an ELEGOO-MARS printer was
used). Different analyzing techniques were applied to the characterization of the resin formulation and the printed
samples, such as rheology, UV-spectrophotometry, FTIR-spectrometry, mechanical testing and electrical
conductivity measurements.

RESULTS AND DISCUSSION
The preparation of PANI-CNT was similar to the method described in Arias et al. *. Increasing percentages were
used as filler in a resin mixture containing acrylates with around 75% bio-renewable carbon.

Table 1. Electrical conductivity of PANI-CNT filler and printed sample PANI-CNT-acrylate based resin

Thickness Avg. for elgc_trlcal
Sample [mm] conductivity
[S/cm]
PANI-CNT 0.7 16
PANI-CNT-3% acrylate-based resin 1.7 1.2*10%?

The results in Table 1 offers an insight into the performance of the printed materials related to the electric
conductivity, showing the values achieved for both the filler PANI-CNT and the printed composite. This was one
of the main features of the obtained samples, although other important properties were characterised, using
different material analysing techniques, mentioned above. Other important results are related to the filler’s
suspension behaviour in the polymeric matrix, with great outcome even after more than one month. Also, the
printability of the obtained mixes is manageable up to contents of 3% filler addition.

CONCLUSION

The utilization of a bio-based monomer in a resin mixture that also contained a conductive filler, enabled the
obtaining of a flexible and high electrically conductive polymeric material, through 3D printing, that might be
used in sensors technology.
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INTRODUCTION

Acne vulgaris is a dermatological severe disease affecting large portion of the population®. ZnO nanoparticles
(NPs) represent very efficient agent with for the treatment of Acne and enhanced skin compatibility, compared to
antibiotics. Its antibacterial effect is attributed mainly to the eminent release of biologically active Zn?* ions from
nanoparticles surface and the formation of reactive oxygen species resulting in the death of bacterial cells?. On the
other hand, the nanoparticles need to be properly dispersed on a suitable carrier, to be applicable on the skin.
Fibrous materials have the potential to be great NPs carrier, owing to their unique characteristics, including high
porosity, a large specific surface area, and good breathability. Combining ZnO NPs and fibers creates a very
promising hybrid material, that is attractive for the treatment of Acne vulgaris®®.

EXPERIMENTAL STUDY

The GA:Pul solution with different concentrations (0,30 and 4,5 wt.%) of ZnO NPs were spun by centrifugal
spinning into fibers, whose morphological and chemical analyses were carried out (SEM, ED XRF and ATB
activity).

RESULTS AND DISCUSSION

The TEM demonstrates that ZnO NPs had approximately 40 nm in diameter (Fig. 1A). It can be seen ZnO NPs are attached
to the fibers (Fig. 1B). SEM inspection of samples revealed that the distribution of ZnO NPs is quite uniform in all along the
fibers, which confirms very good prospects of the centrifugal spinning used for fiber synthesis. Most importantly, they were
characterized for their ATB activity against the ache-causing bacteria. These results will be also present.

Fig. 1: A) TEM analyse of the ZnO NPs and B) high resolution SEM image of GA:Pul fibers blended with ZnO NPs
CONCLUSION

The results showed that blended fibers had antibacterial activity for as low ZnO content as 1.5 wt. %. The concept and
materials in this work bear clear commercial possibilities and a very promising material for dermatologic application
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INTRODUCTION

The metals ions cross-linked carbohydrates have attracted considerable interest due to their excellent properties
such as self-healing, rapid recovery, biocompatibility and high mechanical properties combined with multi-stimulus
responsiveness. Accordingly, efforts to integrate metal-coordinate cross-linking into bioinspired synthetic protein
and polymer hydrogels are an increasingly active area of research. One of such polysaccharides is alginate (ALG),
a naturally occurring biopolymer derived from brown seaweed. Its chemical structure contains [3-D-mannuronic
acid (M) and a-L-guluronic acid (G), and the segmentation of the G and M residues is responsible for its properties
such as the resulting gelation and viscosity.

EXPERIMENTAL/THEORETICAL STUDY
By using a range of traditional and advanced techniques of solid-state NMR spectroscopy we monitored structural
changes in alginate macromolecules induced by different types of crosslinking ions such as Fe**, Cu?* and Ca?*.

RESULTS AND DISCUSSION

We've successfully prepared alginate hydrogel particles cross-linked with antibacterial ions containing lactic acid
suitable for vaginal administration to treat common infections using the external ionic gelation method.
Unfortunately, the detailed structural data are entirely unavailable and completely lost if paramagnetic ions such as
Fe**, Mn*" or Cu** are used as crosslinking agents. Due to the strong paramagnetic effects of these ions including
extreme signal broadening and fast coherence decay the vast majority of traditional techniques of ss-NMR
spectroscopy fail (Fig.1 *C CP/MAS and MAS NMR spectra). To bridge this gap and to look into the structure of
alginate systems crosslinked with paramagnetic ions we applied the recently developed an approach of very fast
MAS (VF MAS) NMR spectroscopy (Fig.1 '*C and "H VF MAS NMR spectra).

1 CP/MAS NMR ¢ MAS NMR 13C VF MAS NMR TH VF MAS NMR

ALE_F2_

LG e

* = ©
LG s Ln e 1

a
aLE_ta nLE e

250 200 150 100 50 0 250 200 150 100 50 0 250 200 150 100 50 0 160 120 80 40 0 40 80 -120 -160

Chemical shift, ppm Chemical shift, ppm Chemical shift, ppm Chemical shift, ppm

Fig. 133C MAS, CP/MAS and **C and *H VF MAS NMR spectra of prepared alginate particles.

CONCLUSION
The present research thus has ambitions to provide the first real experimentally confirmed insight into the complex interactions
and structural transformations in alginate multicomponent systems crosslinked by paramagnetic metal ions.
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INTRODUCTION

Recently, various types of biomimicry materials have attracted much attention due to their remarkable surface
functions. Polymer films with submicron-sized complex surface structures have been produced by top-down
approaches (e.g. photolithography and nanoimprinting). On the other hand, surface nanostructures have also been
prepared by bottom-up approaches (e.g. self-assembly formation and surface-initiated graft polymerization). In
this study, we have developed a new methodology for the preparation of polymer films with hierarchically
ordered surface structure by combining nanoimprinting and surface-initiated atom transfer radical polymerization
(SI-ATRP), and investigated stimuli-responsive properties of the obtained surface-functionalized polymer films.

EXPERIMENTAL

To obtain the film, nanoimprinting was firstly achieved by employing polymers having both cross-linkable
moieties and ATRP initiating sites and an anodically-oxidized porous alumina (AAO) as a template. After
removal of AAO and cross-linking by photoirradiation, the films having vertically oriented polymer pillars on
their surfaces were formed. Finally, the films were subjected to SI-ATRP of N-isopropylacrylamide (NIPAM) to
give the target films decorated with polyNIPAM-grafted pillars (Fig. 1). Thermo-responsive change in
hydrophilic nature of the obtained films were also examined by static contact angle measurement.

RESULTS AND DISCUSSION
Free radical copolymerization of coumarin-substituted methacrylate (MCMA) and a-haloester moiety-containing
methacrylate (HEMA-Br) was carried out to form a precursor copolymer (M, = 52000; M./M, = 2.9; composition:
[MCMA]/[HEMA-Br]=2/3). Employing this polymer and AAO template (Whatman® Anodisc13),
nanoimprinting was performed with Obducat Technologies AB model F-KT-254 under the condition of 130 °C,
180 s, 20 bar. After removal of AAO by immersion in 1 M NaOH aq., SEM observation indicated the formation
of the film having vertically oriented polymer pillars (ca. 1000 nm length) on their surfaces. The obtained film
was then photoirradiated to fix the pillar structure by intermolecular cross-linking. The resultant film was found to
be insoluble in common organic solvents, and SEM analysis supported the pillar structure was maintained after
photoirradiation. Finally, employing the pillar film, graft polymerization of NIPAM on the pillar surfaces was
performed through SI-ATRP at 25 °C for 5 h (conditions; [ethyl 2-bromoisobutyrate]o / [NIPAM], / [CuCl] /
[MesTREN] / [ascorbic acid]o =1/100/1/2/ 1, [NIPAM]o = 50 wt%). Successful preparation of the target
film with vertically oriented polyNIPAM-grafted polymer pillars on their surfaces were confirmed by FT-IR, XPS
and SEM measurements. Since polyNIPAM is widely known as a representative thermo-responsive polymer, it is
very interesting to investigate the thermo-responsive change in hydrophilicity and hydrophobicity of the surface
of the film modified with polyNIPAM-grafted pillars. Therefore, we have also prepared the polyNIPAM-grafted
counterpart from a poly(MCMA-co-HEMA-Br) flat film without pillar structure on its surface, and compared the
thermo-responsive surface properties. As results, significant differences were observed between these
polyNIPAM-grafted film samples, specifically, the film having polyNIPAM-grafted pillar structure exhibited
greater hydrophilic-hydrophobic switching properties in response to temperature changes. This is presumed to be
due to the synergistic effect between
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polymer pillar
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this hydrophilic-hydrophobic » “»
o I
switching  property ' cquld .be Si wafer removal of AAO SLATRP bolyNIPAN grafted
repeatedly observed with increasing nanoimprinting of NIPAM pillar film

and decreasing temperature.
& P Fig. 1 Preparation of the film having polyNIPAM-grafted pillar structure.
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Abstract:

The reversible reaction of Calcium Hydroxide to CaO and water vapour is very promising for
thermochemical energy storage. The storage material is cheap, abundantly available and
completely environmentally friendly. Energy-wise the potential lies in the loss free storage period
and an energy density several times higher than conventional thermal storage technologies. For
these reasons the reaction system has been investigated by several research groups over the past
decade addressing different aspects on material, reactor and storage system level. Nevertheless,
unfavorable material properties like cohesiveness, agglomeration tendency and large volume
changes during the reaction impede the development of cost efficient and easily scalable
thermochemical reactors. Our main approach to overcome these drawbacks are to work on both
sides, improving the material properties on one hand and to develop reactors with improved
functionality.

One outcome of our current work is a novel reactor concept based on the principle of a
mechanically induced fluidized bed. The concept uses rotating shovels which induce a mechanical
fluidization of the storage material inside the reactor. The principle helps to prevent
agglomeration, facilitates the gas transport to and from the reacting particles and enhances the
heat transfer coefficient between the particles and the heat exchanging wall of the reactor. With
the operation of two different reactors based on this concept we could successfully demonstrate
the energy storage process: The electrical charging of the storage material as well as the thermal
discharging in kW scale. For these reactors we also developed a pilot storage system, including
storage containers for a 100kWh thermal energy and automated transport of the material to and
from the reactor. We integrated the pilot system in a research building environment and
demonstrated the operation outside the laboratory successfully. To improve the overall systems
performance and the function of sub components we also investigated different enhanced forms
of the storage material: larger granules with a nanocoating for stabilization and hard compacted
briquettes. This presentation will outline the operation of the storage system, characterizing the
performance, efficiency and analyzing the impact and functionality of different novel forms of the
storage material. We will discuss the general potential and outlook of energy storage based on
Calcium Hydroxide.
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INTRODUCTION

Photodynamic therapy (PDT) is a promising treatment for cancer, with conjugated polymer nanoparticles (CPNs)
emerging as effective agents. This study investigates the influence of Pluronic F-127 (F127) coatings on the PDT
properties of CPNs to provide insights into coating polymers for developing water-soluble copolymer

photosensitizers, poly[styrene-co-maleic anhydride] (PSMA) being employed as the control coating polymer,
based on our previous study.

EXPERIMENTAL/THEORETICAL STUDY

CPNs of different conjugated polymers were fabricated using the nanoprecipitation method and then characterized
in the following manner. The hydrodynamic size and stability of CPNs in aqueous solutions were assessed using
dynamic light scattering (DLS) and zeta-potential measurements. Absorption and photoluminescence spectra were
obtained to characterize CPNs' optical features, while fluorescence quantum yield (QY) was measured for their
suitability as fluorescent probes. Singlet oxygen production by CPNs was evaluated using a spectroscopic method
employing Singlet Oxygen Sensor Green (SOSG) as a chemical sensor.

RESULTS AND DISCUSSIONS

MEH-PPV@F127 CPNs exhibited a hydrodynamic size of ~127 nm and a zeta potential of ~-14.8 mV, while CN-
PPV@F127 CPNs had a size of ~97 nm and a zeta potential of ~-13.1 mV, these characteristics render the CPN
particles suitable for cellular uptake?. Optical analysis revealed characteristic absorption and photoluminescence
spectra, indicating potential for bioimaging (Fig. 1(a) and (b)). CN-PPV@F127 CPNs demonstrated a QY of
~12.5%, and MEH-PPV@F127 CPNs showed a QY of ~5%, both suitable for cell imaging. Singlet oxygen
generation capability was confirmed for all F127-coated CPNs (Fig. 1(c)).
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Fig. 1. Properties of CPNs. (a) Steady-state absorption, (b) steady-state emission and (c) photoinduced singlet oxygen

generation of MEH-PPV@PSMA (black), MEH-PPV@F127 (red), CN-PPV@PSMA (blue), CN-PPV@F127 (green) CPNs.
In panel (c), SOSG only solution (purple) was used as a control.

CONCLUSIONS

F127 is an ideal coating polymer for developing CPNs as photosensitizers. This guides the development of advanced
nanomaterials in medical applications.
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Implementing a Thermal Energy Storage (TES) system along with heat pumps for air conditioning applications
improves grid resiliency, provides monetary savings, and reduces the total carbon footprint. Organic phase change
materials (PCMs) are widely used energy storage materials in TES devices due to their ease of implementation, high
cyclic stability, and low supercooling. However, organic PCMs are relatively expensive and have a low thermal
conductivity of ~0.1 W/m-K, increasing the payback periods and limiting the power densities of the TES devices,
respectively.

Inorganic PCMs, primarily salt hydrates, are economical choice of PCMs compared to their organic counterparts,
have high energy storage density and thermal conductivity and thus are a lucrative choice of PCM materials for low-
cost, compact TES devices. However, salt hydrates demonstrate supercooling, which delays the crystallization and
phase segregation with cycling which causes degradation in energy storage capacity with usage. Sodium Sulphate
Decahydrate (SSD), also known as Glauber's salt, is one of the most inexpensive salt hydrates PCMs, melting at
around 32°C. For building air conditioning applications such as peak load shifting, the PCM melting point
requirement could be between 20-35 °C. However, not many composites of SSD are available in literature. The
SSD's melting point could be tuned by adding low-cost melting point suppression agents. NaCl and KCI are the
most popular melting point suppression agents used with SSD in the literature. While supercooling could be solved
by adding Borax (a nucleating agent), phase segregation, affecting the cyclic stability remains a critical issue
limiting its useful life.

Thickeners are a popular choice of additives for mitigating phase segregation, which when added to PCM increases
the viscosity of the PCM, reduces the separation of phases and make them less prone to leakage. Exploring low-cost
thickener is key factor to keep the cost of the salt hydrates low while enhancing its cyclic stability. Sodium
Polyacrylate (SPA) is a low-cost polymer material which forms a gel like consistency when added to the PCM.
Preliminary DSC studies done by authors show that when SPA and NaCl are added to SSD, the composite PCM
demonstrated minimal degradation in latent heat in 10 cycles when tested using digital scanning calorimetry (DSC),
with a melting point of 21 °C with a 110 kJ/kg latent heat. PCMs, when used in TES devices need to work ~ 10
years and goes through ~2000-3000 cycles. Thus, further testing was carried out to around ~500 cycles on the
mixtures and their degradation of properties are presented here.
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INTRODUCTION
Nanoscale semiconductor materials represent one of the promising technologies for the development of novel optoelectronics
devices!. Among these materials, nanowires offer a compelling alternative due to their quantum lateral confinement of
electrons, making them an alternative for the design of efficient detectors. This potential may be approached by the
application of well known, highly remarkable semiconductor materials like the III-V family of compounds, with InAs
standing out as a notable representative?. With its direct band gap and room temperature high-electron mobility, InAs is well-
suited for integration into nanowire manufacturing especially for optoelectronic applications in the near to mid-infrared
range’.
In this work, we present a novel approach to fabricating InAs nanowires using molecular beam epitaxy (MBE) on Si (111)
substrates coated with a few layers of graphene. This innovative substrate configuration facilitates more uniform nanowire
growth, enhancing the performance and reliability of resulting optoelectronic devices.
EXPERIMENTAL/THEORETICAL STUDY
InAs nanowires were grown by MBE on Si (111) substrates coated with graphene at various temperatures, as well as on
samples on Si without graphene. Structural and microscopic studies were conducted to observe the presence and distribution
of the nanowires on the substrates.
RESULTS AND DISCUSSION
High-resolution X-ray diffraction (HR-XRD) analysis revealed the presence of crystalline InAs on the surface of the Si (111)
substrates, exhibiting reflections corresponding to (111), (022), and (222) crystal planes. Scanning electron microscopy
(SEM) micrographs provided insight into the morphology and overall distribution of the nanowires. These studies offer
evidence supporting the formation of the proposed nanostructures.
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Fig. 1 (Left) HR-XR diffractograms of a sample. (Right) Sem micrograph of the surface of a growth sample.

CONCLUSION
Overall, the growth of InAs nanowires on Si (111) substrates, particularly when coated with graphene, demonstrates
promising structural characteristics and distribution, affirming the feasibility of their integration into optoelectronic devices.
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INTRODUCTION

Renewable energy sources such as solar, wind, and hydropower produce no greenhouse gases compared to
traditional fossil fuels. By switching to these sources, we can mitigate the effects of climate change and reduce
global warming. Photoelectrochemical (PEC) systems convert light energy to chemical energy. They can be
applied for simultaneous decomposition of various organic compounds via oxidation reactions on photoanode and
production of hydrogen on cathode. The efficiency of such systems strongly depends on the nature of photoanode,
because semiconductors differ greatly in terms of their valence and conduction band positions, e.g. the valence
band potential of tungsten (VI) oxide corresponds to 2.8 - 3 V vs SHE (Standard Hydrogen Electrode), whereas
that of bismuth vanadate is 2.4 — 2.6 V (SHE). Photo-induced WOs3 holes have much higher oxidizing power,
however tungsten oxide is unstable at pH > 4. BiVOs, on the contrary, is stable in neutral media, which is why the
formation of WO3/BiVOy4 heterojunctions has recently attracted much attention. In addition, it is known that
heterojunctions facilitate the separation of charge carriers, which leads to a lower degree of recombination.

EXPERIMENTAL/THEORETICAL STUDY

WO3/BiVOy4 heterojunctions were formed using hydrothermal and sol-gel synthesis. Synthesized coatings were
analyzed using X-ray diffraction analysis and scanning electron microscopy. PEC properties of the coatings were
characterized using cyclic voltammetry (CV), chronoamperometry (CA) and electrochemical impedance
spectroscopy (EIS). Performance of heterostructured photoelectrodes in decomposition of pharmaceutical
compounds with simultaneous cathodic production of hydrogen was tested.

RESULTS AND DISCUSSION

Preliminary characterization of the coatings revealed slight differences in photoelectrochemical behavior of WO;
and WO3/BiVOys in 0.5 M Na,SO4 (Fig. 1). Faradaic efficiency (FE) of PEC generation of persulfate (S,O0s*") was
higher in the case of heterostructured sample (Fig. 1c). Results on PEC decomposition of organic compounds
coupled with H, evolution will be presented at the conference.
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Fig. 1 CV (a), CA (b) and FE (c) of WO3 and WO3/BiVOy coatings. Experiments were performed in 0.5 M Na,SO4 under
100 mWem? illumination intensity and 1.4 V bias (vs Pt)

CONCLUSION

Initial results showed that the formation of WOs3/BiVO, heterojunction affects oxidation reactions on the surface of the
photoanode. Additional experiments will be performed to investigate the mechanisms of PEC decomposition of organic
compounds.
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INTRODUCTION

One of possible definitions of the nanomaterials identifies nanomaterial as a natural, incidental or manufactured
material containing particles as aggregates, agglomerates or particles in unbound state, where 50% or more of them
range in the number of size distribution and one or more external dimensions are in the size range of 1 nm-100 nm.
Where technically feasible and requested in specific legislation, the compliance with the definition may be
determined on the basis of the specific surface area by volume (VVSA)!. A material can be considered falling with
the definition, when the volume specific surface area of material is greater than 60 m? cm. The volume-specific
surface area is property of materials, which is obtained by dividing the samples external surface (S) by its solid
volume (V) or by multiplying the specific surface area (SSA) by the materials skeletal density (p)?.

RESULTS AND DISCUSSION

For dry powders, the volume-specific surface area can be determined via the gas-adsorption measurement of the
specific surface area by nitrogen (with adsorption isotherms of type II, 11l or IV according to the IUPAC
classification)®, and multiplying it by skeletal density from the He-pycnometry measurement. To determine the
specific surface of the nanomaterial, it is necessary to know the amount of adsorbate needed to cover the surface
with the gas molecules monolayer, and to determine the area needed to adsorb one molecule of adsorbate. The
knowledge of these quantities will then allow to determine the specific surface area of a solid sample of known
weight. There are number of theories, but currently the BET (Brunauer-Emmett-Teller) isotherm? is used to
calculate the specific surface area. This procedure is interesting in comparison to the size-based criterion, because
it represents well-known, low-cost, standardized method, which can be applied on dry powders without further
sample preparation except degassing. It is also agglomeration-tolerant, and leads to reliable results. When the
volume-specific surface area method for the positive identification of nanomaterials is applied only on non-porous
materials, the classification can be considered very reliable. When the particles are porous, the volume-specific
surface area will be larger than expected from their outer dimensions and consequently, such materials should be
excluded from the analysis, and the classification should not be done based on volume-specific surface area
measurements. However, the pore surface can be separated from the outer particle surface by the detailed analysis
of the full adsorption isotherm, e.g., using an appropriate t-plot method®.

CONCLUSION

In this study the potential of the volume-specific surface area method as a classification tool was evaluated, for the
identification of both nanomaterials and non-nanomaterials. For nonporous materials: When deriving the average
size of the smallest particle dimension from volume-specific surface area, taking into account the approximate
particle shape (sphere, fiber, plates) a good agreement with the electron microscopy results is obtained. Achieving
such a good agreement is also possible for porous particles using the t-plot method (not BET method), which is
capable of separating the pore surface from the external surface of particles. Platelet materials are a special case,
where the volume-specific surface area approach yields a more reliable classification than conventional electron
microscopy, because electron microscopy cannot always address the relevant smallest dimension of the particles.
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INTRODUCTION

Large-scale process of hydrogen production via water-splitting faces significant operational costs, primarily attributed to the
utilization of expensive electrocatalysts based on precious metals such as Pt. To overcome this problem, new groups of
materials and ways to boost their electrocatalytic activity are developed. Here, we report the performance of a relatively
unexplored group of materials characterized by monoclinic metal-like structure based on transition-metal chalcogenides with
a general formula of TM3Ses (TM = Fe,Ni). Hydrogen evolution reaction (HER) performance of TMsSes materials' and
simplified synthesis route enhances their attractiveness for industrial applications. Additionally, ab-initio calculations play a
crucial role in unraveling the intricate mechanism of H, production, by predicting the optimal chemical composition as well
as providing valuable insight for further advancement in the field of TM3Ses-based catalysts.

EXPERIMENTAL/THEORETICAL STUDY

TMsSes materials were synthesized via annealing in tube furnace, after which they were ground and either pressed into
pellets via inductive hot-pressing method or casted onto commercial screen-printed electrodes. Crystal structure, chemical
composition and homogeneity were analyzed by means of X-ray diffraction and scanning electron microscopy. To gain
insight into the electronic structure of examined materials, ab-initio calculations were performed within the density functional
theory (DFT) formalism. The electrochemical performance and stability of studied materials were examined via voltametric
and chronoamperometric methods, respectively.

RESULTS AND DISCUSSION

The electrochemical properties of a material are intricately tied to both
its microstructure and chemical composition. The latter directly
influences the electronic structure, thereby impacting H* adsorption
processes occurring on the surface. The calculated d-band center
presented in Fig. 1 (dyc) Serves as pivotal link between theoretical
modeling and experimental observation. Notably, based on previous
research, the Fe-Ni systems may exhibit catalytic activity similar to
(Co,Fe,Ni)sSes, which proved to be a promising electrocatalyst for
HER!. Calculations of AGy~ for pre-selected surfaces of the materials
allow for determination of the most probable H* adsorption sites?. The
microstructure also plays an important role in catalytic processes,
where porosity becomes a critical factor enabling penetration of the
electrolyte into deeper parts of the pellet. The synergistic approach of
adjusting the chemical composition, implementing the surface
engineering, and ab-initio modeling provide excellent ways for future
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development of cost-efficient and highly active electrocatalysts for Fig. 1 FeNi,Ses model alongside DOS
water-splitting and other industrially-oriented applications. plot and SEM image of the pellet surface
CONCLUSION

A group of monoclinic transition-metal chalcogenides containing Fe and Ni were synthesized, and their performance was
evaluated by combining theoretical and experimental data. Future research will be focused on finding the optimal chemical
composition in the (Co,Fe,Ni)sSes system and expanding the theoretical models to include point defects.
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INTRODUCTION

Efforts to combat microorganisms involve surface modification and the development of antimicrobial coatings.
Direct deposition of biocidal substances on surfaces enables effective modification without altering bulk
properties. Recent advancements include polymer-solvent-active material nanocomposites!, providing varied
antimicrobial effects based on concentrations and compound compositions. The use of 3D scanning and printing
allows to produce complex, geometrically shaped, and flexible protective coatings? to mitigate the spread of
microorganisms on frequently touched surfaces.

EXPERIMENTAL/THEORETICAL STUDY

In this work, AgNPs synthesized through photochemical methods® using AgNO; and Irgacure 819 are
incorporated into a PVB polymer matrix, forming an AgNP-PVB nanocomposite. This nanocomposite is applied
as a thin-film coating on custom protective cover produced with Artec Space Spider 3D scanner (Artec 3D,
Luxembourg) and Form 3 stereolithographic 3D printer (Formlabs, USA) using Flexible 80A resin (Formlabs,
USA). The 3D model reconstruction algorithm is developed using Matlab (MathWorks, USA). To evaluate the
antiviral properties, 10-well substrates were 3D printed from Flexible 80A polymer, 8 wells were coated with
AgNP-PVB-A (AgNP concentration — 500 ppm), and AgNP-PVB-B (AgNP concentration — 200 ppm)
nanocomposites or were left empty to assess the properties of the printed cover itself. The 8 wells are then filled
with the test solution and left for 24 hours. The 9" and 10" wells are used as controls and are filled with the test
solution for the one-step gRT-PCR analysis after 24 hours.

RESULTS AND DISCUSSION

The results of the antiviral tests using the AgNP-PVB-A nanocomposite coating show that the average cycle
threshold (Ct) value in the test wells is 30.78 £ 2.00 compared to 25.92 + 0.04 in the control wells. The Ct values
decrease to 28.22 + 0.88 (test) and 24.65 + 0.40 (control) when using the AgNP-PVB-B nanocomposite coating.
The AgNP-PVB-B control test Ct values are similar to those of the Flexible 80A polymer (25.27 + 1.41 (test) and
24.61 £ 0.11 (control)), indicating the antiviral properties of the printed coating itself. The 3D printed door handle
cover showed a uniform thickness with no cracks or bulges. This research contributes to the development of
durable antiviral coatings aimed at inhibiting the transmission of infectious diseases in various environments.

CONCLUSION

In conclusion, this study formed different concentration (AgNP concentration — 200 ppm and 500 ppm) AgNP-
PVB nanocomposite coatings on 3D printed protective cover, demonstrating effective antiviral properties, with Ct
values of 30.78 = 2.00 and 28.22 + (0.88. Also, an algorithm for reconstructing the 3D model of the cover from the
3D scanned model has been developed and tested.
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INTRODUCTION

Amorphous mesoporous silicas with a high surface area have a wide range of applications in several industries.
However, their large-scale manufacture is expensive due to the use of expensive raw materials, such as tetraethyl-
(TEOS)'. Alternative sources of silica include some agricultural wastes. Rice husk (RH) is among the agricultural
residues richest in silica within its composition. Due to the energy crisis and the need to produce clean energy, in
addition to reducing the environmental liabilities generated by the large volume of RH, industries have been using
RH to generate energy through combustion in boiler furnaces and, as a by-product, there is the generation of rice
husk ash (RHA), which has around 90% of silica’. Sol-gel method I one of the main methods for extracting silica
from agricultural wastes. This process involves obtaining a silica gel, which is then washed and dried. In this last
stage, which is carried out using ovens, the gels agglomerate themselves, which can reduce both the number of
pores and overall surface area. Freeze-drying is an alternative method for this drying stage. In this context, the
aim of this study is to increase the surface area of the silica obtained from RHA through the sol-gel process,
including freeze-drying after washing the gel®.

EXPERIMENTAL/THEORETICAL STUDY

The RHA used as a source of silica in this study was provided by an industry from Pelotas, located in southern
Brazil. The method consists of dispersing the RHA in an alkaline solution of sodium hydroxide (2.2 M), where
the amorphous silica is dissolved and converted into a soluble sodium silicate; this stage takes place in an
ultrasound bath, following the procedure already carried out by Fusinato et al.” The first silica sample was dried
using a traditional way, in an oven at 100 °C for 12 hours. The second silica sample was freeze-dried, in a way
that the gel is frozen in an ultrafreezer and then freeze-dried. The silicas were analyzed by BET to determine their
surface area and BJH to evaluate pore volume and size, and isotherm analysis (ASAP 2020, Micromeritics).

RESULTS AND DISCUSSION
Table 1 presents a comparison between the results of the silica extracted using the ultrasound bath dried in a
traditional oven and the silica extracted using the ultrasound bath and dried through freeze-drying. There was an
increase of about 40% in surface area using freeze-drying.The pore size and pore volume increased after the
freeze-drying, which was acompanied by a greater surface area. Figure 1 shows similar isotherms for the two
silicas, corresponding to type IV hysteresis, characteristic of mesoporous materials.

Tabela 1. Surface area, pore volume and pore diameter ®

—e— Adsorbed

Sample Sper (m2.g")  Vi(cm’.g') Dgy (nm) 2 s
Normal dried silica 460.03 0.91 6.67
Freeze-dried silica  645.38 0.98 7.41
]:z .,n-*": . Normal dried silica V; Freeze-dried silica
Figure 1. Isotherms of the silica samples
CONCLUSION

It was possible to obtain silica with a high surface area (645 m?/g) from RHA generated in an industrial boiler
using the ultrasound-assisted sol gel method and freeze-drying. Freeze-drying was decisive for increasing the
surface area, preventing particle agglomeration.
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INTRODUCTION

Water, a fundamental life-giving resource, is frequently threatened by industrial activities. The motivation for this work
is to develop an effective method for decontaminating wastewater from industries. A promising approach is to use
magnetic nanoparticles (NPs) exhibiting adsorption functionalities, allowing for easily removal through magnetic
separation. Nickel (Ni) NPs have excellent catalytic activity and a ferromagnetic behavior that facilitates efficient
magnetic separation®. In this sense, coating Ni NPs with activated carbon is an ideal strategy for this purpose thanks to its
low density and large porosity?.

EXPERIMENTAL STUDY
The samples were obtained following a two-step procedure to produce Ni@C catalysts. It consists of: (i) the synthesis of
nickel-imidazole MOF (NiOF) by a simple method in an aqueous medium and (ii) a thermal treatment at different

carbonization temperatures to obtain a hybrid material formed by Ni NPs embedded in a carbon matrix.

RESULTS AND DISCUSSION

This work focuses on producing and analysis carbon-supported Nickel NPs derived from nickel-organic frameworks,
NiOFs (see Fig. 1). The microstructure, morphology, and magnetic properties of NPs with various sizes from 5 nm to 50
nm synthesized at different carbonization temperatures (400 to 1000 °C) were investigated. Our findings indicate that Ni
NPs are surrounded by graphite-like layers, providing natural protection against oxidation. Additionally, a continuous
transformation of the metastable Ni phase with hexagonal (HCP) crystal structure to the stable cubic (FCC) with raising
carbonization temperature is accompanied by a rise of the value of a saturation magnetization increment from 5 to 48
emu/g-Ni. Adsorption experiments show excellent performance in the removal of noble metal (Chromium) and a dye
(Methylene Blue) from water. In this presentation, | will showcase the most promising Ni NPs for water decontamination.
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CONCLUSION

We encompass a comprehensive investigation involving structural, microstructural and magnetic characterization of Ni
NPs protected against oxidation by an ultrathin carbon coating consisting of a few atomic layers. The size, crystalline
quality, and physical-chemical properties of the NPs are meticulously controlled by the carbonization temperature, a
factor that determines their adsorption efficiency. By synergizing the dual properties of magnetic NPs and the porosity
of the carbon matrix, we successfully demonstrated the efficiency for the removal of two common contaminants,
Chromium and Methylene Blue, from water through adsorption processes.
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INTRODUCTION

Adhering to UN sustainable development goals involves reducing greenhouse gas emissions and promoting clean energy
production. Hydrogen stands out as a viable clean energy source and photocatalysis is a promising technology which utilizes
renewable solar energy for green hydrogen production. Recently, 2D layered structures and noble metal-free graphitic carbon
nitride (g-CsN4) have gained popularity for their chemical stability and solar activity and their lower efficiency can be
incorporated using various cocatalysts. MXenes have recently been used as co-catalysts for photocatalytic hydrogen
evolution with semiconductors such as g-CsN4 with the terminal functional group (-O, -OH, -Cl, and -F) have gained
significant consideration ®. Titanium carbide (TisCy) is a typical MXenes material with an accordion-like form, good
conductivity, wide specific area, hydrophilicity, and great absorption of visible light 2. The efficiency of TisCa/g-C3N, can be
further increased by producing TiO, NPs and coupling with metals like nickel as a co-catalyst. In this work, 2D TisCoF
MXenes with in-situ grown TiO; to construct Ni/g-CsN4/TisC.@TiO, S-scheme heterojunction loaded with single atom Ni
was designed and tested for enhancing photocatalytic green H, production.

EXPERIMENTAL

The graphitic carbon nitride was synthesized using melamine as a precursor by heating it at 550 °C for two hours followed by
ultrasonication to get a 2D layered structure. On the other hand, TisC, with in-situ grown TiO2 quantum dots were
synthesized by using HF etching of TisAIC, under a controlled environment of time, temperature and oxygen. The
heterojunction of TisC.@TiO; with g-C3sN4 was developed through an ultrasonic approach followed by a self-assembly
approach to attach nickel to construct the final composite. The materials were characterized using various characterization
techniques to identify phase structure, morphology and visible light absorbance. All the experiments of hydrogen production
were conducted using a slurry phase continuous photoreactor system.

RESULTS AND DISCUSSION

Fig. 1 (a) shows the morphology of Ni-TisC.@TiO2/g-C3sNa, in which, a good interface interaction of all the materials could
be observed. The TEM results in Fig. 1 (b) further confirm the existence of all the components with their good distribution.
The performance of the pure and the composite materials was further conducted in a slurry photoreactor under visible light
and the results are presented in Fig. 1 (c). It could be seen that when TisC, was coupled with g-C3Ns, hydrogen production
was significantly increased. However, a tremendous increase in H, production was observed when Ni as a cocatalyst was
added to the composite. This significant improvement was due to the synergistic effect, which provides more active sites,
enables more visible light absorbance and promotes charge carrier separatlon 4
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Fig. 1 (@) SEM image of Ni- T|3€2@T|Oz/g -C3Ny, (b) TEM image of composite, (c) photocatalytic activity of g-CsNa,
TisC,/g-C3sN4 and Ni-loaded TisCa/g-C3N4 composite for hydrogen production.

CONCLUSION

Utilizing an HF-etching-assisted ultrasonic approach, we successfully created the highly efficient Ni-TisCo@TiO2/g-CsNa.
The inclusion of TisC, and Ni as cocatalysts shows promise in maximizing hydrogen production. The in-situ grown TiO;
nanoparticles were promising to construct S-scheme heterojunction, resulting in significantly H, production.
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INTRODUCTION

Proton exchange membrane fuel cells (PEMFCs) are promising and sustainable alternatives to the finite and
environmentally incompatible energy sources such as fossil fuels '. However, PEMFCs are limited by the high cost
and inadequate performance at high temperatures of their gold standard proton exchange membrane (PEM), Nafion.
Therefore, although highly conductive and chemically stable, there is an urgent need to replace Nafion 2. This study
reports the development of a PEM based on the sustainable natural, marine polymers collagen and chitosan modified
with the highly conductive and sustainable ionic liquids (ILs). The proton conductivity of the developed membranes
was evaluated and compared to those of Nafion and other natural polymer PEMs.

EXPERIMENTAL/THEORETICAL STUDY

The membranes were prepared using the solution casting procedure in which 0.1 g collagen was mixed with 0.1 g
chitosan in 3% acetic acid at 45°C for 30 mins. The additive, IL ((DEMA][OMs]), was then added to the solution
in the desired amount and left mixing for 1 hour at 45°C. The solution was poured into a petri dish and left to dry at
45°C. The proton conductivity of the formed membrane was then evaluated using electrochemical impedance
spectroscopy (EIS).

RESULTS AND DISCUSSION

While the amount of collagen and chitosan were fixed at 0.1 g each, the amount of IL incorporated was increased
gradually from 0.1 g to 0.5 g with 0.1 increments. As expected, with the increase in IL content, the conductivity
increased from 2.4x10 S/cm for the pure collagen/chitosan to 5.8x10 S/cm for the collagen/chitosan membrane
with the highest IL content as shown in Fig. 1 below. Compared to Nafion, the collagen/chitosan/IL membrane had
comparable conductivity to Nafion 212 but lower than Nafion 117. The collagen/chitosan/IL also had comparable
or higher conductivity than other natural polymer-based PEMs in the literature as shown in Table 1.

7 Table 1. Comparison of  conductivities of

¢ collagen/chitosan/0.5 g IL with Nafion and other natural
ES polymer PEMs
E, ! Composition Conductivity (S/cm) Ref
'*E , Collagen/chitosan/ | 5.8x1073 This study
g, 0.5glIL
= \ Chitosan/MoS2 & | 2.18x1073—2.92x1073 34

0 01 02 03 0.4 0.5 0.5 chitosan/[DEMA][ | 2.53%x103 - 11.05x107
1
IL content (g) OMS] 3 > 33
Fig. 1 Effect of IL content of the conductivity of the Nafion 212 and 117 | 6.94x10~ and 9.8x10 ’

collagen/chitosan membranes

CONCLUSION

Sustainable PEMs can be developed based on marine collagen and chitosan. To compensate for the membrane’s low
conductivity, the sustainable and high conductive IL is incorporated. Incorporating IL increased the conductivity proportionally
to IL content. The obtained conductivities were comparable to some types of Nafion and other natural polymer-based PEMs.
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INTRODUCTION

Proton exchange membrane fuel cells (PEMFCs) are clean energy devices that convert chemical energy directly
into electrical energy through electrochemical reactions. The performance of PEMFCs is heavily reliant on the
membranes, which are essential for facilitating proton transport and maintaining gas separation to ensure optimal
energy conversion efficiency'. Recently, 