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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 atoms1. CeO2, 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 stability2. 

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 CeO2 was prepared via nanocasting by incorporating 

ceria precursors, Ce(NO3)3·6H2O or CeCl3·7H2O,  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 CeO2 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  CeCl3 After the 

SBA-15 removal, mesoporous ceria particles were calcined at 

600 °C and subsequently characterized.  In this sense, Fig.1 

shows the TEM micrographs after 5 successive impregnations,  

where smaller mesoporous CeO2 particles with a low degree 

of order can be appreciated for the sample synthesized with 

Ce(NO3)3 leading to slightly higher BET surface areas. On the contrary, more ordered structures using CeCl3 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(NO3)3 and CeCl3 as ceria precursors and SBA-15 

as the template. The results showed more ordered structures when using CeCl3 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 materials1, 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 mice2.  

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 área. 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 cm2. 

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 ℃, 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.  

REFERENCES 

1. A. Marinoiu et. al, Appl Surf Sci. 504, 144511 (2020) 

ACKNOWLEDGMENTS 

This work was carried out through the Nucleus Program, financed by the Ministry of Education and Research, Romania, 

project no. PN 23 15 01 03 and project number PN-III-P2-2.1-PED2021-0840 PED 695/202 

(ANM) Advanced Nano Materials  



Green Synthesis of Nd-doped ZnO @ N-doped g-C3N4 Nanohybrid for Photocatalytic Degradation 
of Pharmaceutical Pollutant 

Seyed Ali Zargar1, Mitra Gharivi1, Omid Bagheri1, and Adrine Malek Khachatourian1* 

1Department of Materials Science and Engineering, Sharif University of Technology, Tehran, Iran 
*Presenting & Corresponding author Email: khachatourian@sharif.edu 

INTRODUCTION 
Zinc oxide (ZnO) is a versatile semiconductor known for its excellent optical properties and high photo-
redox capability [1]. Furthermore, combining π-conjugative materials such as g-C3N4 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 muffle 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.  

 

 

 

 

 

 

 

 

Scheme 1. Nd-doped ZnO Nanoparticles decorated N-doped g-C3N4 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 interest1, 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.2 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 the cross-section of the GO 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 

claims1. 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-1. 

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-1 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. 

 

  Table 2. Results of the economic prefeasibility 

study (Thousands of dollars). 

Item Value 

Initial investment 154.4 USD 

Depreciation 4.8 USD 

Salvage Value 46.7 USD 

NPV 2836.4 

IRR 421.5 % 

Figure 1. UV-vis absorption spectra 

of commercial and synthesized 

graphene. 

Figure 2. Raman spectra of 

commercial and synthesized 

graphene. 

Benefit/Cost ratio 37.74 

         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 583.96 604.4 625.3 647.3 670.1 693.3 717.6 742.9 768.7 795.5 

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 I2D/IG and ID/IG 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. 

No. Code 
BET Surface 

Area (m2/g) 

Average Pore 

Volume BJH (cm3/g) 

Average Pore 

Diameter (nm) 

Yield 

(%) 

Graphene 

Concentration 

(mg/mL) 

I2D/IG ID/IG 

1 Gf-C 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 22.53 94.74 0.751 0.53 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 0.51 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 0.22 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 Gc-S8-2h-De 2.06 0.005 39.73 94.24 0.986 0.51 0.13 

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-Ion 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. 

REFERENCES 

1. A. Torkaman-Asadi et al. Comput. Mater. Sci. 210 (2022) 111457.  

2. M. Athanasiou et al. Chem. Eng. J. 446 (2022) 137191. 

ACKNOWLEDGMENTS 

This research was possible thanks to the financing of Minciencias, the National University of Colombia, the Jaime Isaza 

Cadavid Colombian Polytechnic and the Center for Nanoscience and Nanotechnology. (AGM) Advanced Graphene 

Materials. 

mailto:anardila@elpoli.edu.co


Computational Simulations of the Hydrogen and Methane Storage Capacities on
novel JLU MOFs at Room Temperature

Alejandra Granja-DelRío and Iván Cabria

Departamento de Física Teórica, Atómica y Óptica, Universidad de Valladolid, Valladolid, Spain

email: ivan.cabria@uva.es

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-JLU 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 (H2) is postulated as a key solution for the decarbonization of the economy and the reduction of 

dependence on fossil fuels. H2 can be obtained by solar-driven thermochemical water splitting, which is less developed than 

electrolysis but also ensures obtaining green H2 from H2O, using renewable energy and with zero CO2 emissions [1]. In a 

two-step thermochemical cycle, a metal oxide is thermally reduced at high temperature (usually higher than 1200-1300 °C), 

releasing O2, and then it is reoxidized with H2O vapor (< 1000 °C), producing H2 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 (ABO3±δ) 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 H2 and O2 production curves of 

La0.6Sr0.4Co0.2Fe0.8O3±δ perovskite shaped into RPC (Reticulated Porous Ceramic) macroscopic structures were evaluated for 

optimize the H2 production by thermochemical H2O splitting at moderate temperature. 

EXPERIMENTAL/THEORETICAL STUDY 

The perovskite La0.6Sr0.4Co0.2Fe0.8O3±δ 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 O2 and H2 produced during the thermochemical cycle. 

RESULTS AND DISCUSSION 

Complete reduction and reoxidation of the RPC at 1000 °C allow obtaining a H2 production of 16.00 ± 0.03 cm3 STP/gmaterial 

in a complete cycle of 143 min (average production rate of 0.112 ± 0.03 cm3 STP/gmaterial·min along the cycle). However, the 

final part of reduction and oxidation is slower than each initial step. Consequently, a thorough evaluation of the H2 and O2 

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 cm3 H2 STP/gmaterial, but decreasing the total time required for the cycle 

from 143 to 67 min (0.194 ± 0.02 cm3 STP/gmaterial·min). This result was experimentally corroborated, obtaining a hydrogen 

production of 12.35 ± 0.05 cm3 STP/gmaterial and a production rate of 0.182 ± 0.02 cm3 STP/gmaterial·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 H2 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 H2 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.1  
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 BRCA1 genes, which causes the increased risk of developing breast cancer. In our study, we used DNA 

sequences representing fragments of the BRCA1 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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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 H2S and metal (Mo 
and W) vapor are used as precursors for the CVD synthesis on substrates of different types, 
including Si and SiO2/Si, 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.  

   
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 MoS2 and WS2 
deposits measured at for the samples obtained with different deposition process durations (for 
MoS2) and different distances from source of evaporated metal to substrate (for WS2). Material 
formation mechanism is proposed on basis of obtained results analysis.  

 
Fig. 2 A set of photoluminescent spectra of MoS2 (a) and films at different deposition times (a); a 
set of photoluminescent spectra of WS2 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. 

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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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, I will discuss optically transparent Al–Al2O3–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 

quantity 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–Al2O3–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.  

 
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 investigated1,2. 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,  
HeLa 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 (Fig1a) 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.  

          
 

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℃. 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)1,2 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 1.73x10-4S/cm. With the addition of Mxene, the conductivity 

increased to 4.75x10-3S/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, 

(f)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 efficiency1,2. In this study, a hybrid material comprising WO3, 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℃. The second one was a WO3/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℃. 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 10-4 S/cm. However, the conductivity 

increased to 8 x 10-2 S/cm with the addition of 15 wt.% WO3/graphene. Figure 1 presents the Nyquist plot for the 

PVDF/DMSO membrane with the optimal amount of WO3/graphene added. 

 

 
Figure. 1 Nyquist plot of 15 wt.% WO3/graphene in PVDF/DMSO membrane. 

 

CONCLUSION 

Different mass percentages of WO3/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.% WO3/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 fuels1. A dedicated approach to addressing these 

issues is dry reforming of methane (DRM), which involves converting carbon dioxide and methane into syngas2. 

Due to the use of methane and carbon dioxide in this process, it is a more environmentally friendly method of 

producing syngas than other approaches3. 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 deposits4. 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/CeO2 catalysts, calcined at different temperatures, as well as 

CeO2, 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 CeO2 at a 

fuel-to-oxidizer ratio of 1:1 (φ=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 H2 flow. The DRM was conducted in a tubular flow reactor with 

a CO2/CH4 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 CO2 and CH4 conversion rate was 

calculated. According to the results, the 1 wt.%Ni/CeO2 calcined at 800 oC had the highest CH4 conversion rate, 

achieving nearly 89% conversion at 700 oC 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/CeO2 catalysts.  

 
Fig. 1 H2-TPR profiles of the 1wt.%Ni/CeO2 catalysts at different calcination temperatures 

CONCLUSION 

According to TPR, catalyst reducibility changes with calcination temperature and it seems that the sample calcined at 800 oC 

goes through a phase transition as indicated by a broad peak in Fig. 1. On the other hand, considering both commercial and 

combustion-synthesized CeO2, 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 fuels1. Nevertheless, the use of hydrocarbon fuels entails 

the unavoidable formation of CO2 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 CO2 content and this data has been used to modelling its capture and 

recycling processes using microalgae. In the case of CO2 capture by microalgae cultivated in a High Rate Algae 

Pond (HRAP)2, 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 MCeO2/SDC/LSM single cell was galvanostatically operated at 1023 K for 862 h under humidified hydrogen 

and biogas. To quantify the concentration of CO2 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 CO2 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/cm2. The GC analysis 

shown that SOFC exhaust gas was composed by CH4, CO2, H2 and CO; less than 2 mol. % of CO2 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 Monod3 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 CO2, 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 

devices1. However, patterning colloidal nanoparticles into a predefined structure with nanometre precision and scalability 

remains a significant challenge2. 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 μm 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 2c & 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.  

          

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 (H2) production faces the challenge of developing cost-effective methods with low or zero carbon 

emissions1. In this context, the H2 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 cells2. 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 materials3, 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 H2 production, both before and after 

recycling. The main objective is to investigate the H2 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. H2 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 H2 generation, particularly for the Fe-containing alloy. Fig. 1d 

demonstrates the positive effects of refined microstructures on average H2 generation rates and H2 yields. 
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Fig. 1 – Characteristic finer microstructure (a), typical H2 evolution curves (b and c), and (d) H2 generation rate and yields. 

CONCLUSION 

The addition of 1wt.%Fe to the Al-4Mg-1Sn [wt.%] alloy increased the microstructural sensitivity of H2 production 

characteristics reducing the average H2 generation rate and H2 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 H2 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]. 

          
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)1 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)2,3. 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 μL of this solution was spin-cast onto a cleaned glass substrate (1x1 cm2) 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.  

 
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 

computing1. 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 dynamics1. 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 

adaptability2. 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: CuSO4 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 H2 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 5×5 SnC supercells further doped, functionalized and with different number of adsorbed H2 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 4×4×1 k-points for the geometric relaxations and a 24×24×1 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/Å. 

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 H2 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 + 3H2. b) Al-2D-SnC Al + Na + 5H2. c) Ga-2D-SnC + K + 6H2. 

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 H2 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 5×5 SnC supercells further doped, functionalized and with different number of adsorbed H2 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 4×4×1 k-points for the geometric relaxations and a 24×24×1 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/Å. 

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 H2 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 H2 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. 
 

   
                                   Copper                                                    Zinc                                              Aluminium 
 
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 diagnostics1. 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 SiO2, 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 work2. 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@SiO2 presented an absorption peak around 463 nm, 

while PTB7-Th@F127@SiO2 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@SiO2 was 88.9 nm with PDI=0.114, while after the addition of CN-PPV the diameter of 

the composite SiCPN was 101.6 nm and PDI=0.11.  

 

 
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 Leão 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. 

         
 

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 nanomembranes, 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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 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 (10-5÷10-6) 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% O2 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 2000 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 
devices1,2. 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 5·10-4 S cm-1 at room 
temperature, in addition to an acceptable Na+ transference number. Furthermore, the developed 
Na[EMIm][TFSI]@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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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 

 

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 components1. 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 reasons2,3. In addition to other promising adsorption materials, such as carbon substances, biochar, 

several organic and polymeric compounds4,5, 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 (Pb2+, Cs+) and anions 

(AsO4
3-, CrO4

2-), 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: Pb2+ was almost quantitatively adsorbed on all AL-composites and Cs+ was adsorbed exclusively on 

the composites with zeolites6. The adsorption of anions on the source material and composites was ineffective, 

except for the AsO4
3- 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.  
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INTRODUCTION 
Photocatalytic water splitting is a green and sustainable process to produce hydrogen (H2) from water. CdxZn1-xS, 
a solid solution of CdS (Eg=2.4 eV) and ZnS (Eg=3.5 eV), is one of the widely studied materials for 
photocatalytic H2 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 activity1.  In this work, we present organic molecule (phenylalanine) 
embedded nanocomposite of CdxZn1-xS solid solution as a highly active photocatalyst for H2 production.  

EXPERIMENTAL 
The nanocomposite of phenylalanine (PA)-embedded CdxZn1-xS (x=0.0, 0.25, 0.50, 0.75, 1.00) were synthesized 
by a low-temperature solvothermal technique as described in our previous report1. The samples were designated 
as C0, C25, C50, C75, C100 corresponding to the x-value and PA-embedded samples were designated as C0P, 
C25P, C50P, C75P, C100P, respectively. Pt was deposited on all nanocomposite samples by photo deposition 
method1. The details of the H2 production experiment are described in our previous report1.  

RESULTS AND DISCUSSION 
The FESEM images (data not shown) indicate 
that C0, C25, C0P, and C025P have lower 
particle sizes (ranging from 100 nm to 150 
nm) compared to the other samples. UV-vis 
spectroscopy (data not shown) shows that C0, 
C0P samples have absorption edges in the UV 
region, whereas all other samples have 
absorption edges in the visible region. Among 
C0, C25, C50, C75, C100 samples, C25 
exhibits the highest photocatalytic activity in 
terms of H2 production from water (data not 
shown). This is because C25 sample has a 
small particle size. Fig. 1a shows the amount of produced H2 from various samples after 2 h of irradiation. It is 
evident from the results that PA-embedded samples show a higher amount of H2 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 CdxZn1-xS and enhance charge separation, leading to a higher rate of H2 production1. 
Fig. 1b shows the dependence of H2 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 H2 production. When a 
large amount of photocatalyst is used, light absorption by some particles is disrupted, leading a lower rate of H2 
production. The highest rate of H2 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 H2 production reported so far.  
                         
CONCLUSION 
We successfully synthesized visible light active CdxZn1-xS nanocomposite for the efficient H2 evolution via water splitting. 
The result suggest that our prepared material holds significant promise for practical applications in H2 production.      
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Fig. 1 Amount of H2 production from various samples (a) and the 
dependence of H2 evolution on the dose of C25P photocatalyst. 
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INTRODUCTION 
Photocatalytic water splitting is a green and sustainable process to produce hydrogen (H2) 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 photocatalyst1. In this work, we report Mn and Nb co-doped BaTiO3 
ferroelectric material as a OER photocatalyst.  

EXPERIMENTAL 
BaTiO3 and BaTi1−xMnx/2Nbx/2O3 (x =0, 2.5, 5, 7.5, 10) photocatalyst materials were prepared by conventional 
solid state reaction method2 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 O2 
production experiment, CoOx cocatalyst deposited photocatalysts were dispersed in AgNO3 aqueous solution and 
irradiated under visible light.  

RESULTS AND DISCUSSION 
Fig. 1(a) represents that, the undoped 
photocatalyst MN-0 showed a negligible amount 
of O2 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 O2 
evolution when both Mn and Nb were co-doped 
into the Ti site. The MN-5 sample exhibited the 
highest evolution rate of O2 evolution. Variation 
of the amount of CoOx indicates that 0.5 wt% is 
ideal for the highest rate of O2 evolution. It is 
known that spontaneous polarization in the 
photocatalyst materials can enhance charge 
separation leading to higher photocatalytic 
activity3. 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 O2 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. 
                         
CONCLUSION 
We successfully synthesized visible light active BaTiO3 based photocatalyst for oxygen evolution via water splitting.      
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Fig. 1 Dependence of oxygen evolution on the amounts of dopants 
(a) and cocatalyst (b). (c) shows the results of P-E loop for various 
samplesN-5 sample. 
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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 H2 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. 

   
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.1, as a parallel plate capacitor with two copper electrodes and two 

dielectric materials (nylon and PDMS) inside an air box. In our previous work2, 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 SrTiO3 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 volatility1. 

Clean energies, particularly hydrogen-based technology, are emerging as a promising alternative for international 

economic growth2. 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 CeO2 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 CeO2-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, H2-TPR, and N2 adsorption. The catalytic tests were carried 

out in a fixed bed reactor (Microactivity-Pro unit) at 550ºC and atmospheric pressure.  

RESULTS AND DISCUSSION 

In a preliminary study, the effect of CeO2 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 ºC). 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 yields for 

Co/10CeO2-SBA15. This sample, demonstrating a better catalytic 

performance, was also tested in the OSR of a mixture of AA, MeOH, and 

AC simulating a real bio-oil aqueous phase. The results are displayed in 

Fig. 1. Despite a decrease in total conversion over time, hydrogen yield 

was maintained at acceptable levels after 50 h time-on-stream. 
           

CONCLUSION 

Adding CeO2 to Co/SBA-15 in the OSR of AA enhances hydrogen production. Specifically, the sample Co/10CeO2-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 550ºC.  

REFERENCES 

1. International Energy Agency (IEA), World Energy Outlook 2023 - IEA, World Energy Outlook 2023. (2023). 

2. P.J. Megía et al., Energy and Fuels 35, 16403–16415 (2021). 

 

ACKNOWLEDGMENTS 

The authors acknowledge the financial support from the Spanish Ministry of Science and Innovation (Projects PID2020-

117273RB-I00 and TED2021-131499B-I00). 

 

Fig. 1 Catalytic results at 550 ºC in the 

OSR of simulated bio-oil aqueous 

phase using Co/10CeO2-SBA15. 
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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[1] 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[2] 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. 
 

 
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 

           
 

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 H2 as an energy vector 

and fuel, advanced technologies need to be developed for its storage1. Among the different solutions studied, 

storage in solid materials stands out for being particularly safe and efficient, while also being fit for mobile 

applications2. ACs have especially shown excellent candidates for the adsorption of H2 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 N2 and CO2, while hydrogen uptake measurements were performed to 

evaluate the material’s performance in H2 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 m2/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 H2. 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 applications1,2.  

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. 

 

 
 

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 CO2 

emissions1. 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 benefits3. 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 cm2 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, commercial4 Ni2FeO4 and Ni-Raney 

were used for the anode and cathode, respectively and using a Sustainion® X37-50 GT4. 

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-1. 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 Acm-2 at 2.2 V. It is also observed that 

except at an initial period, the current density remains quite stable along the electrolysis. 

    
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 Reuß 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€/kgH2.  
 

 
 

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 650oC 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 650oC 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. 

             
 

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.1 Unfortunately, all the stack components suffer from corrosion problems to a lesser or greater 

extent.2 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/cm2. These highly interesting results will be 

presented during the conference in Aveiro. 

 

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

The HfO2-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 (SiO2-Si3N4-SiO2) charge trapping medium1. This interest is additionally strengthened by the fact that HfO2 

-based gate stacks are already used in the production of advanced microprocessors. In some recent works, we 

have demonstrated that nanolaminated HfO2/AlO3 and Al-doped HfO2 stacks deposited by ALD possess 

promising application potential as charge trapping media for flash memories2. 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/AlO3 stacks.  

EXPERIMENTAL 

The test structures were MIS capacitors with Al gate and backside electrodes, in which 16.5 nm HfO2/Al2O3 

nanolaminated layers (5x(20cyHfO2:5cyAl2O3)) were incorporated alongside with 20 nm Al2O3 blocking (BO) 

and thermal SiO2 tunnel (TO) layers. The HfO2/Al2O3 nanolaminated stacks and BO were deposited by ALD in a 

single low temperature technological process. Part of the samples received post deposition annealing in O2. (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 10-7  0.3 s at room 

temperature. 

RESULTS AND DISCUSSION 

It was found that retention characteristics were only slightly affected by the heating (Fig1a) 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 10-3 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 ~10-2 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 HfO2/Al2O3stacks. 

CONCLUSION 

The investigation of the performance characteristics of memory capacitors based on HfO2/Al2O3 nanolaminates demonstrate 

their potential for flash memory applications. Additional work is required for optimization of program/erase speeds.  
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INTRODUCTION 

Transparent conducting oxides like ITO and FTO are critical in solar cell technology due to their optical clarity 

and electrical conductivity
1
. Specifically, ITO typically has a resistivity in the order of 10

-4
 Ω∙cm

2
. Notably, Nb-

doped TiO2 (TNO) is emerging as a competitive material for its transparency and conductive properties, crucial 

for optimizing the electronic structure in photovoltaic applications
3
. 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 10
-2

 Ω∙cm for heated samples, contrasting with 10
3
 Ω∙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). 

 

 
 

Transmittance for TiO2 and Nb-doped TiO2 films, 

deposited at 300°C and room temperature using targets 

with 1 and 4 Nb inserts. 

Fig. 2. X-ray diffraction (XRD) analysis for TiO2 and 

Nb-doped TiO2 films, deposited at 300°C and room 

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
1,2

. 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
1,2

, 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
2
. Thus, the concentration of Ni metal 

states in Ni/Al2O3 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 works
1,2

. 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
0
 states and a decreasing of 

the signal assigned to the Ni
2+

 states at 854 eV, indicating a surface with higher concentration of metallic states. 

 

 
Fig. 1. High resolution spectra for the Ni2p orbital of the catalysts produced by (a) washcoating and (b) MS. 

 
CONCLUSION 

The manufacturing of Ni/Al2O3 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 precursors¹. 
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 waste2. 
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 ºC for 24 h. Afterward, the zeolite was washed with distilled water and dried at 80 ºC 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 
2θ angles of 7.9º, 8.8º, 23.2º, 23.7º, and 24¹. MW technology enhances textural properties (Table 1), suggesting 
that MW treatment improves the characteristics of the zeolitic material¹. 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 effect3; thus, at 260 W, 
the nucleation effects are more pronounced. 

 
Table 1 – Textural properties of ZSM-5 

CONCLUSION 
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 Abet of 307 m²/g and Vmicro of 

0.101 cm³/g were observed compared to other samples. 
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Sample Abet (m²/g) Vmicro (cm³/g)
ZCCAMW1300 292 0.094
ZCCAMW260 307 0.101

ZCCA 260 0.085

Figure 1- X-ray diffractogram 
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INTRODUCTION 
Among the various routes for controlling CO2 emissions, including prevention, storage, and use, the main alternative 
is to use CO2 as a raw material integrated into the CH4 conversion process to produce syngas (H2 + 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 frequency1. 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 oxygenates2. ZSM-5 zeolite 
can be used as a support to improve Ni dispersion1. 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. X-ray diffraction patterns for the prepared samples. 

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 
template.  
This study highlights the importance of using greenhouse 
gases to generate valuable products through catalysts 
obtained from agro-industrial waste, contributing to a 
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 stability1,2. 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 
Mg1, 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 H2

1.  

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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. X-ray diffraction patterns for the prepared samples. 
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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 H2 makes the process 
even more attractive, as it allows value to be added to two 
wastes, glycerol and RHA, and clean energy to be 
generated. 
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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 absorbers1. 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 400Oe, 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  generated in the Pt layer. The direction of polarization for THz waves  emitted due to the ISHE is 
determined by the directions of the injected spin current  and the spin polarization of electrons , which is 
antiparallel to magnetization : . 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 180o without changing its value. It 
gives rise to the THz wave polarization rotation by 180o 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.1,2 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.3 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 BaTiO3 with combined advantages of piezoelectricity from PVDF and 

BaTiO3. Here, electrospinning was used to prepare PVDF-BaTiO3 nanofibres mat under a high electrical field, 

which can directly align the dipole orientation to produce higher β-phase content with enhanced piezoelectric 

properties. Then, PVDF-BaTiO3 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-

BaTiO3 sensor 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-BaTiO3 flexible sensor holds the potential 

application in the fields of heartbeat, pulse and breathing monitoring for sports monitoring and health care.  

 
 

Fig. 1 (a) Output voltage signal of PVDF-BaTiO3 sensor under different vibration frequencies. (b) The output voltage signal 

of PVDF-BaTiO3 sensor at a vibration frequency of 18 Hz. 

 

CONCLUSION 

Herein, PVDF-BaTiO3 electrospun 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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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 

 

 

 

 

 

 

 

 

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 I-V measurements.  

 
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 I-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 
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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.1-8 
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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.  
 
 
 
 
 
 
 
 
 
Fig. 1 Left: Fluorescence microscopy of a collection of NG@PS microcomposites (scale bar = 10 m). 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. 
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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 
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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 CO2 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-

batteries1-4.  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, 

Pt3Ni, and Pt3Co; (ii) cubic and octahedral Pd NPs; (iii) -Ni(OH)2 nanoparticles and nanosheets; and (iv) 

composite Pd@-Ni(OH)2/C nanomaterials having different Pd and Ni loadings.  The research on the Pt3Ni and 

Pt3Co 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 -Ni(OH)2 nanosheets revealed that they are suitable materials for 

rechargeable micro-batteries, and on the Pd@-Ni(OH)2/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, Pt3Ni, and Pt3Co NPs in PEM fuel cells, Pd NPs and -Ni(OH)2 

nanosheets in rechargeable batteries, and Pd@-Ni(OH)2/C nanomaterials in alkaline fuel cells.  
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INTRODUCTION 

The thermochemical reversible CuO/Cu2O 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.) 1. 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.  

 

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) 1, 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/Cu2O 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 emerged1. 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 cost2.  In  this  work,  2D flakes  of  Ti3C2  MXene were  chemical  exfoliated  from Ti3AlC2 precursor
through  an  in-situ HF  formation  method,  and  then  integrated  as  an  heterostructure  of  Al 2O3/Ti3C2 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
Ti3C2  flakes were synthesized with 14.78 mL of 9 M HF, 1.6 g of LiF, and 1 g of Ti3AlC2 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 Ti3C2 solution.
This suspension was sonicated for 1 h under N2, to avoid oxidation, followed by 5 min centrifugation at 3500 rpm
and the supernatant was collected. A thin-film of Al2O3 (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 (104-105),
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)].

Fig. 1 (a) Resistive switching curve of PET/ITO/Al2O3/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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This work investigates the preparation and characterization of composite 

membranes for high-temperature CO₂ 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 Na2CO3 and Li2CO3, a carbonate-ion conductor, is used as a secondary phase 

in large volume (~30 vol. %). The secondary phase has a melting point at 500 ºC, 

temperature in which the counterflow of oxide-carbonate-ions species facilitates the 

desired CO₂ 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 CO2. 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 ºC, 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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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. 

 
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 NPs1. The rapid thermal synthesis of NPs on 

carbon support induced by applied voltage offers versatile synthetic possibilities to engineer materials with 

enhanced electrocatalytic properties2. 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. 
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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 
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INTRODUCTION 

The photoreduction of CO2 is one of the most challenging uphill reactions, whose performance is limited by 

intrinsic catalyst efficiency features and by physical phenomena, such as CO2 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 kgcat) 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/m2) 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-C3N4). To further increase the productivity 

of the g-C3N4 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-C3N4 

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-C3N4 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-C3N4. 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/kgcath 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 CO2, to be at least separated to exploit biomethane, and possibly valorised. A 

first option is CO2 hydrogenation to methane, also promising to transform an energy vector that is uneasy to 

handle (green H2) into a valuable and worldwide-distributed fuel and feedstock (CH4). A “power-to-gas” 

framework could then help to overcome the drawbacks of H2 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 CO2 as a method for Carbon Capture and Utilisation using green hydrogen. 

Different options for the efficient direct conversion of CO2 and H2 into CH4 (Sabatier reaction) are here explored 

both experimentally and through process design.  

EXPERIMENTAL/THEORETICAL STUDY 

Ni-based catalysts (5-20 wt%) supported over CeO2, SiO2, Al2O3 and ZrO2 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 H2/CO2 feed. Process design has been accomplished with Aspen Plus process simulator, 

considering the Sabatier reaction for the methanation of CO2.  

RESULTS AND DISCUSSION 

We considered a small delocalised plant, identified in a biogas production facility. H2 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 CO2 capture step.  

This option is intended to improve the CH4 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 

CO2 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 105 Nm3/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, N2-physiasorption isotherms, NH3-TPD and H2-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 oC 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 LuMnO3 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 LuMnO3 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  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 LuMnO3 single crystal in cross polarization scattering 

geometry. The broad Raman peaks near 197, 580, and 805 cm-1 are 

non-phononic in origin, get stronger at lower temperatures below the 

Neel ordering temperature. These broad peaks of hexagonal LuMnO3 

below TN 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 RMnO3 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 RMnO3.[1]  

 

Fig. 1 Spin rotational excitation peaks are observed in hexagonal LuMnO3 below TN, 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 LuMnO3 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 AI 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 used1-3,4.  

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). 

  
Fig. 1 (A) Methodology for the development of 3D printed scaffolds for bone regeneration (BR); (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-1 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 

NCM811 showed significantly improved discharge capacity (204.5 mAh·g-1) and efficiency (94%) compared to 

pristine NCM811. More detailed results will be presented at the meeting. 

 

                                        [Liquid Electrolyte]                            [Solid Electrolyte]   

  
 

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 Oh1,2, Jin Ae Kim1, Dong-Won Lee1, Weon Ho Shin2, Min Gi Jung3 and Jong Min Oh*2* 

1Material 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)1. 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 ㎛ was optimal, and double-side coating exhibited superior characteristics compared to 

single-side coating. 

 

   

Fig. 1 Scanning electron microscopy (SEM) image of (a) 4㎛ (b) 3 ㎛ (c) 2㎛ single-side Al2O3 coated separators.  

CONCLUSION 

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

thermal stability. A comparison between the single-side coating and double-side coating at the same 4 ㎛

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 employed1. 

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 aqueous method, 

and the coated separators were analyzed for thickness, porosity, contact angle, electrolyte uptake, puncture 

strength, and thermal shrinkage. Additionally, CR2O32-type coin cells were fabricated to evaluate the 

electrochemical properties.  

RESULTS AND DISCUSSION  

Static and dynamic flowability were excellent in the order of 0.3㎛, 0.5㎛ and 0.7㎛. 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 0.7㎛ particles exhibiting the best performance.  

 

Fig. 1 Flowability measurement results of 0.7 ㎛ boehmite powder: (a) Static (b) Dynamic. SEM image of the (c)surface and 

(d)cross-section morphologies of the 0.7 ㎛ boehmite-coated separator.   

CONCLUSION 

Among boehmite powders with sizes of 0.3 ㎛, 0.5㎛ and 0.7㎛, the flowability of the 0.7㎛ was the most 

superior. The properties of the separator coated with 0.7 ㎛ 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 α-L-guluronic acid residues (G) in dyads (GG) are regularly complexed by Ca2+ 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 Ca2+ ions rapidly attack the guluronic G-blocks through 

electrostatic interactions, and Zn2+ 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 Ca2+/Zn2+ ions. 

EXPERIMENTAL/THEORETICAL STUDY 

To obtain key information we recorded a representative set of 13C 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.  

 

 
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 supply1. 

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 0h 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 MJ/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 1h reaction time at 350˚C and 10 bar N2 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 receptiveness1, 

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 solution2. 

EXPERIMENTAL/THEORETICAL STUDY 

  The ferromagnetic fluids fabricated used Galinstan batches melted in a sand bath inside a steel pan3. 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 homogeneity3. 

  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) µm. 

  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 

Fig. 1 (b), validates the device ability to control the heat flux and 

dissipate heat losses from the source. 
       
CONCLUSION 

  We demonstrated that the produced ferromagnetic fluids are suitable 

for thermal management applications. Now, our focus will shift into the 

production of fluids with Ni nanoparticles for smaller-scale applications. 
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Fig. 1: (a) Experimental setup used. (b) 

Illustration of the temperature difference between 

heat source and sink during the switch actuation 

for a 65 % loading and a 0.05 Hz frequency. 
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INTRODUCTION 

Dynamics of the processes taking place in the PhotoElectroChemical cell (PEC) during green hydrogen 

generation1 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 heterojunctions2 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 TiO2(top)/CuO bilayers, but not for 

inverse bilayer configuration in the form of CuO(top)/TiO2. Photoelectrochemical measurements prove that both 

types of bilayers act as 

photocathodes and the 

photocurrent was found to 

be dependent on the 

thickness of TiO2 top layer 

in the TiO2(top)/CuO. 
Fig. 1 HR-TEM images of 

thin film TiO2(top)/CuO (a) 

and CuO(top)/TiO2 (b). XAS 

Cu L2,3 spectra for CuOx (c). 

CONCLUSION 

Evaluation of the structure, optical, electronic and functional properties of TiO2/CuOx 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 area1. 

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 ethanol2. 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 H2 and CO as a function of the operating temperature at the exit of the SRE 

reformer. Analyzing the syngas (H2 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 H2 and CO 

increase when the operating temperature raises. In view that, it is noted that H2 has presented higher values regarding CO as 

the increase of the energy storage. Fig. (1b) reports the yield of H2 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 H2 is due to the energy thermal rise in reformer. 
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Fig. 1 (a) Average concentrations for H2 and CO as a function of the operating temperature at the exit of the SRE 

reformer; (b) Yield of H2 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 H2. In this context, it is possible arriving the following 

conclusions: (1) as H2 is considered an energy carrier, then H2 is going to transport higher energy than CO. (2) The increase 

of the yield of H2 depends on the rise of the operating temperature and, therefore, the higher yield of H2 is at the larger 

operating temperature. 
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INTRODUCTION 

R2Fe17 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 

R2Fe17 (R = Pr and Nd) ribbons were fabricated by melt-spinning1. 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 Th2Zn17-type crystalline structure (space group R3̅m) 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, 

respectively2); 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 |∆𝑆𝑀 |(T) accompanied by an enhanced refrigerant capacity (RC > 200 J·kg-1 for R = Pr at μ0∆H = 5 T) 

in comparison with the parent bulk alloy3,4. Interestingly, a distinctive “table-like” behavior is also observed.  

 
Fig. 1 Temperature dependence of the magnetic entropy changes for Pr2Fe17 and Nd2Fe17 melt-spun ribbons. 

CONCLUSION 

This work signifies progress in optimizing the magnetocaloric response at room temperature. By employing the nanostructuring 

of R2Fe17 (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 CO2 at high temperatures 
and valorize it via a catalyzed reaction. Recently, reforming processes of hydrocarbons with CO2 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 CO2 has been a case study for obtaining a low syngas ratio of about ~11. 
As an alternative, propane (C3H8) reforming has recently attracted attention as a new route of decarbonization.2 

EXPERIMENTAL/THEORETICAL STUDY 
Dense membranes were obtained by uniaxially pressing LiAlO2/Ag powders and the subsequent direct infiltration 
of the prepared supports with a eutectic ternary mixture of Li2CO3/Na2CO3/. Permeation measurements were 
conducted using a commercial Probostat high-temperature permeation system (NORECs) equipped with gas 
mixers and flow controllers.2 Oxy-CO2 reforming reactions into the system were performed by using a catalyst 
bed of 10 wt.% Ni supported on CeO2 placed on the sweep side. In the membrane's permeate side, the sweep gas 
was switched from pure Ar to 7 vol % of CH4 or C3H8 in Ar. Reaction products were analyzed by GC 
measurements. 

RESULTS AND DISCUSSION 
The CO2 and O2 permeating properties of a LiAlO2/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/N2 and O2/N2 selectivity. After packing a Ni/CeO2 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.    

                                                  
Fig. 1 Syngas production when using a sweep of C3H8 diluted in argon: (a) H2 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 equipment1.  
EXPERIMENTAL TECHNIQUES 

The brand-new ultra-high-vacuum implantation chamber called ASPIC’s Ion Implantation chamber 

(ASCII)2 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) 

Materials3 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-Setup4 is an advanced emission Mössbauer spectrometer for measurements in versatile conditions 

of several classes of materials, thanks to the emission Magnetic Mössbauer Analyzer (eMMA) 

extension5. 
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 literature6,7. 
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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 Δ𝐸 on the SnC 

monolayer, defined as Δ𝐸 = 𝐸AM:SnC − (𝐸AM + 𝐸SnC), where 𝐸AM:SnC, 𝐸AM and 𝐸SnC 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 𝐸non−disp is the non-dispersive component, originated from quantum 

interactions which can give rise to the formation of covalent bonds, and 𝐸disp is the dispersive 

component due to long-range interactions. Therefore, it is defined the degree of chemisorption as  

𝐷chem ≡ ∆𝐸non−disp Δ𝐸⁄  and that of physisorption as 𝐷phys ≡ ∆𝐸disp Δ𝐸⁄ . 

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 

 
ACu3Ti4O12 (ACTO, where A = Ca, Y2/3, Bi2/3) 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 (εr) was found 

very high for these ceramics at room temperature. The tangent loss (tan δ) 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. 
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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 

structure1. The magnetic properties of these alloys strongly depend on composition and fabrication methods2. 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, Fe50Rh50 and Fe49Rh51, 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 

Fe100-xRhx 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 µ0H 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 works3 suggest that the FOPT in the Fe50Rh50 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 Rh49Rh51 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 Fe49Rh51, 

support the above reasoning.  

 
Fig. 1 T-FORC distribution for µ0H = 2 T of the transition AFM-FM of (a) Fe50Rh50 and (b) Fe49Rh51. 

 

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. 
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INTRODUCTION 

All-solid-state batteries are a next-generation batteries with growing expectations in terms of safety and 

performance1). 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 issue2). 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, Li3xLa2/3-xTiO3) 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, Li2CO3, La2O3, and the fluorine-modified TiO2 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 Li2CO3 and La2O3 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. 

 

 

 

 

 

 

 

 

 

 

 

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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Fig.1 XRD patterns for LLTO samples synthesized at various reaction temperatures. 

 [(a)800℃→900℃→1000℃, (b)800℃→1000℃→1100℃,  

(c)800℃→1100℃→1200℃, (d)commercial sample] 

Fig.2 SEM micrographs of various LLTO samples. [(a)800℃→900℃→1000℃, 

(b)800℃→1000℃→1100℃, (c)800℃→1100℃→1200℃, (d)commercial sample] 
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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/cm2, 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 KCl as a supporting electrolyte. Finally, in a 

neutral electrolyte containing 1 M KCl (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 χ. The gradient in magnetic susceptibility is caused by a concentration gradient ∇c 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 as1: 

 ∇ × 𝑓𝐾 =
𝜒

2𝜇0
(∇𝑐) × (∇𝐵2) 

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 TiO2 and Wurzite ZnO nanowires by means of controlled nitrogen 

doping during exposure to highly kinetic radio-frequency generated N2 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 TiO2 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 TiO2 array has an indirect band 

gap of 3.13 eV, which reduces to 3.03 eV after N2 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 N2 plasma treatment of the nanowires results in nitrogen doping of both TiO2 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 Mn3O4 known as Hausmannite is an encouraging material1. Although, 
Mn3O4 presents disadvantages2. For these reasons, researchers have developed SCs combining Mn3O4 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 
Mn3O4/rGO composites for use in supercapacitor electrodes. 

EXPERIMENTAL/THEORETICAL STUDY 

Specifically, the Mn3O4 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 N2 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 Mn3O4/rGO electrodes tested in KOH (6M) electrolyte at a 5 mV s-1 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-1 in which the nanometer particle and pore sizes are features capable of providing 
the highest specific capacitances of the synthesized electrodes.  
          
 
 
 
 
 
 
 
CONCLUSION 
Mn3O4/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-1 at 5 mV s‒1 was observed for the sample MGO-3.  
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Fig. 1 a) Cyclic voltammograms for capacitance 

response in three-electrode cell for rGO, MGO-1. 

MGO-3, MGO-5 and Mn3O4 at 5mV s-1 scan rate, 
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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 others1. 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 biosensing2,3. This work presents the synthesis and characterization of Er-
doped silica carriers by sol-gel method from tetraethyl 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 N2 adsorption-desorption isotherms. Results 
show a specific surface area of 685 m2/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 [1,2]. Different materials are considered as appropriate fillers in order to 

enhance electrical and magnetic properties of the polymer matrix [3]. In present work, effect of CaCu3Ti4O12 

(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 CoFe2O4 was fabricated 

through hydrothermal route. Then, polypyrrole-CoFe2O4-CaCu3Ti4O12 nanocomposites were prepared by in-situ 

chemical oxidative polymerization technique. The compositions of pyrrole: CoFe2O4: CaCu3Ti4O12 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 

PF5C0, PF5C1, PF5C3 and PF5C5 respectively. The nanocomposites were characterized using XRD, FTIR, 

VSM, FESEM and VNA to determine their structural and electromagnetic properties.  

RESULTS AND DISCUSSION  

 
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 gS(eff) 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 

(gs(eff)>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 CoFe2O4 results into magnetic losses. 

This gives absorption dominated microwave shielding. Also, these investigations outline the highest effective green 

shielding as gs(eff) ~ 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%. 

         

 
 

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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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). 

 
          
Fig. 1 Overall AI eNose structure and training / test / validation data (accuracy, loss and confusion plot) 

 

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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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 AI 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 

 
 

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. 
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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. 
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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 solutions1. The incorporation of the drug into polymeric nanoparticles is an appropriate strategy to improve its 

stability2,3. 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). 

 
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). 

    
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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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. 
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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 fuels1,2, hydrogen 

can be produced by environmentally friendly water electrolysis process and related hydrogen evolution reaction (HER). 

Currently, platinum and precious metal compounds3,4 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 TM9Ch8 (TM – transition metals, Ch – chalcogenides) 5,6. Numerous studies indicate that the HER performance of 

these materials4,7 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 (Co9-x-yFexNiyS4Se4). 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/AgCl 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 conditions3. 
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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 TiO2 

nanosheets adorned with single atoms1, 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 TiO2 

nanosheets, with a predominant exposure of the (001) facet. Light-induced in situ formation of Ti3+ defects on TiO2 

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 H2 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 H₂ 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 TiO2 to Ti3+ 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 H2 production. Thus, this study offers a straightforward method for fully harnessing the potential of 

noble metal catalysts by successfully forming single atoms (SAs). 

          
Fig. 1 deposition of Pt under various UV-exposure conditions: L describes samples where Pt-solution is added for x min after 

switching off the light, P denominates Pt deposition under continuous light exposure. Right: HAADF-STEM image of LI5m, 

showing single atoms. 
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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 TiO2 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 H2 evolution compared to pristine TiO2 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. 

 
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 (H2) is a versatile and clean energy carrier that plays a pivotal role in addressing global energy challenges and 

mitigating climate change. Green H2 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 (H2O) to produce H2. 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 

La0.6Sr0.4Co0.2Fe0.8O3±δ perovskite for green H2 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 H2 production through thermochemical 

cycles using an experimental system with a tubular furnace coupled to a H2 and O2 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 cm3 of H2 

and the methodology for comparison among synthesis methods was ReCiPe 2016 Midpoint (H) V1.07. 

RESULTS AND DISCUSSION 
The results obtained for H2 production revealed that 

although the three synthesis routes allow obtaining 

the desired perovskites, in terms of structure (XRD), 

the Pechini method leads to an unstable material 

while the rest of methodologies, modified Pechini 

and reactive grinding showed a stable behaviour but 

with different H2 production of 1.5 and 4.5 cm3 

STP/gmaterial·cycle, respectively. The LCA was 

performed only for these last both methodologies. In 

Figure 1a, the higher potential impacts obtained by 

the Recipe LCA method are presented. As it can be 

seen, the reactive grinding synthesis methodology is 

the least harmful due to its higher synthesis yield, 

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 La0.6Sr0.4Co0.2Fe0.8O3±δ is a promising perovskite for green H2 production through 

thermochemical cycles with an activity of 4.5 cm3 STP/gmaterial·cycle. Additionally, it can be confirmed that the best synthesis 

methodology is reactive grinding due to the lower environmental impact and the highest H2 production.  
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Figure 1. a) Normalized higher potential environmental impacts, and b) 
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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.1 This is extremely significant from an energetic 

balance point of view since carbohydrates make up the majority (up to 60%) of biomass-derived feedstock.2 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 SnO2 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). 3,4 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 Brønsted acid pathway that forms a methyl 

fructoside intermediate and then hydrolyzes it to fructose, if water is added subsequently. 

 

 
Fig. 1. (A) HAADF-STEM image of a Sn/Y catalyst and (B) 

of a Ga/Y catalyst prepared via wetness impregnation. 
Fig. 2. Effect of methanol and water as sequential solvents 

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.5 As such, our study may have 

drastic implications on the exploitation of biomass for chemicals. 
 

REFERENCES 

1. I. Delidovich et. al, ChemSusChem 9, 547 (2016) 

2. S. Dutta, ChemSusChem 5, 2125 (2012) 

3. M. Kashbor et. al, Appl. Cat. A: Gen. 642, 118689, (2022) 

4. L. Foster et. Al, J. Catal. 425, 269, (2023) 

5. Y. Li et. al, Appl. Cat. A: Gen. 366, 57, (2009) 



                          
Lasing Properties in Self-Assembled Quantum Dot Superparticles 

 
Marco Reale1*, Pietro Castronovo1, Cherie R. Kagan2, Marco Cannas1, Christopher B. Murray2,  

Emanuele Marino1, Alice Sciortino1, and Fabrizio Messina1 

1Department of Physics and Chemistry “E. Segrè”, University of Palermo, Italy *(marco.reale@unipa.it) 
2Department of Chemistry, University of Pennsylvania, Philadelphia, United States 

 
 

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 control1. More recently, colloidal QDs 
are increasingly being used as building blocks for mesoscale assemblies known as superparticles (SPs)2, 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 µm diameter2 (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.  

 
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-1), 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-

1, under nitrogen flow. Thermokinetic parameters were determined by the isoconversional, non-isothermal 

methods of Flynn-Wall-Ozawa (FWO), Kissinger-Akahira-Sunose (KAS) and Friedman1. 

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 reaction2. 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 decarbonylation3. The average activation energy for non-catalytic pyrolysis 

(75 kJ mol-1) was not changed for pyrolysis over K (72 kJ mol-1). 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 dioxide1. 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/CO2. 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 IV 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 m2 g-1 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 La3+ 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)-1) than  pure MCM-41 (34.1 mgCO2/(g ads)-1), 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 mgCO2/(g ads)-1). 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 Pr2O2SO4 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 Pr2O2S. 
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
basis set size and the k-mesh density, it is intended to
obtain  the  equilibrium  parameters  and  analyze   the
energetically  more  stable  structural  space  group
(monoclinic C2/c, orthorhombic I222 or tetragonal I-
42m).  The  calculation  of  the  inter-site  Hubbard
parameter  is  to  be  performed,  and  analysis  of  the
partial density of states will aid in the assessment of
the  importance  of  the  inclusion of  the  U parameter.
The electronic band structure of this material and of
the Pr2O2S is envisaged, in order to obtain information
related to the nature of respective band gaps.

Figure 1: Crystal structure of Pr2O2SO4 and Pr2O2S. 
This figure has been adapted from ref. [1]

Conclusions  By  theoretically  understanding  the  characteristics  of  Pr2O2SO4 and  Pr2O2S,  and  the  physics
underlying the functionality of these materials, it will allow for the optimization of the required parameters for
other possible applications.
References [1]  F.J.A Loureiro et al. J. Mater. Chem. A 3, 12636 (2015). [2]  Tao Yang et al. J. Power Sources
306, 611 (2016). [3]  M. Machida  et al.  J. Mater. Chem. 16, 3084 (2006). [4] Richard M Martin. Electronic
structure: basic theory and practical methods. Cambridge University Press, 2020.
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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 memories1 to 

neuromorphic systems2. 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 integration3.  The integration of 2D materials on RS devices has gained attention in the past years for 

performance enhancement. In particular, MXenes (e.g., Ti3C2Tx) are known for their excellent electrical, 

mechanical, and chemical properties, and their resistive switching ability has already been demonstrated4. 

EXPERIMENTAL/THEORETICAL STUDY 

We have explored the incorporation of MXenes into polymeric matrices5. 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 Ti2C3TX/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 ºC 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 

Ti2C3TX/PVDF weight ratio was varied from 1% to 10%.  

RESULTS AND DISCUSSION 

We achieved resistive switching in PVDF polymer by inserting 3 wt.% Ti3C2TX 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/ROFF 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 µC/cm2, 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. 

 

 
 

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 conditions1. 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 problems2.  

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 work1, 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. 1. 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 

Sample 
Thickness 

[mm] 

Avg. for electrical 

conductivity 

[S/cm] 

PANI-CNT 0.7 16 

PANI-CNT-3% acrylate-based resin 1.7 1.2*10-2 

 

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 population1. 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 Zn2+ ions from 

nanoparticles surface and the formation of reactive oxygen species resulting in the death of bacterial cells2. 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 vulgaris3-5. 

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 acne-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 β-D-mannuronic 

acid (M) and α-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 Fe3+, Cu2+ and Ca2+.  

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 

Fe3+, Mn2+ or Cu2+ 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 13C 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 13C and 1H VF MAS NMR spectra). 

 
Fig. 113C MAS, CP/MAS and 13C and 1H 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 -haloester moiety-containing 
methacrylate (HEMA-Br) was carried out to form a precursor copolymer (Mn = 52000; Mw/Mn = 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 oC、
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 oC for 5 h (conditions; [ethyl 2-bromoisobutyrate]0 / [NIPAM]0 / [CuCl]0 / 
[Me6TREN]0 / [ascorbic acid]0  = 1 / 100 / 1 / 2 / 1, [NIPAM]0 = 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 
the surface pillar structure and the 
properties of polyNIPAM. Moreover, 
this hydrophilic-hydrophobic 
switching property could be 
repeatedly observed with increasing 
and decreasing temperature.   

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 study1. 

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 uptake2. 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)). 

 
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 KCl 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.  



 

 

                          

Molecular beam epitaxy growth of InAs nanowires on graphene/Si (111) substrates 

 
Miguel González Morales1, Máximo López López2, Julio Mendoza Álvarez2, José Luis Herrera Pérez1 and Yenny Casallas 

Moreno*3*  

1 Postgraduate Department, Upiita-National Polytechnic Institute, México. (Presenting author) 
2Physics Department, Cinvestav, México,  

3*Conahcyt, Upiita-National Polytechnic Institute, México. Corresponding author. (ycasallasm@ipn.mx) 
INTRODUCTION 

Nanoscale semiconductor materials represent one of the promising technologies for the development of novel optoelectronics 

devices1. 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 representative2. 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 

range3. 

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. 

 

 

 
          
 

 

 

 

 

 

 

 

 

 

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 WO3 holes have much higher oxidizing power, 
however tungsten oxide is unstable at pH > 4. BiVO4, on the contrary, is stable in neutral media, which is why the 
formation of WO3/BiVO4 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/BiVO4 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 WO3 
and WO3/BiVO4 in 0.5 M Na2SO4 (Fig. 1). Faradaic efficiency (FE) of PEC generation of persulfate (S2O8

2-) was 
higher in the case of heterostructured sample (Fig. 1c). Results on PEC decomposition of organic compounds 
coupled with H2 evolution will be presented at the conference.    

          
Fig. 1 CV (a), CA (b) and FE (c) of WO3 and WO3/BiVO4 coatings. Experiments were performed in 0.5 M Na2SO4 under  
100 mWcm-2  illumination intensity and 1.4 V bias (vs Pt) 
CONCLUSION 
Initial results showed that the formation of WO3/BiVO4 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)1. A material can be considered falling with 

the definition, when the volume specific surface area of material is greater than 60 m2 cm-3. 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 (ρ)2. 

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, III or IV according to the IUPAC 

classification)3, 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) isotherm4 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 method5. 

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 TM3Se4 (TM = Fe,Ni). Hydrogen evolution reaction (HER) performance of TM3Se4 materials1 and 

simplified synthesis route enhances their attractiveness for industrial applications. Additionally, ab-initio calculations play a 

crucial role in unraveling the intricate mechanism of H2 production, by predicting the optimal chemical composition as well 

as providing valuable insight for further advancement in the field of TM3Se4-based catalysts.  

 

EXPERIMENTAL/THEORETICAL STUDY 
TM3Se4 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 (dbc) 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)3Se4, which proved to be a promising electrocatalyst for 

HER1. Calculations of ΔGH* for pre-selected surfaces of the materials 

allow for determination of the most probable H+ adsorption sites2. 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 

development of cost-efficient and highly active electrocatalysts for 

water-splitting and other industrially-oriented applications. 

 

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)3Se4 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 nanocomposites1, 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 coatings2 to mitigate the spread of 

microorganisms on frequently touched surfaces. 

EXPERIMENTAL/THEORETICAL STUDY 

In this work, AgNPs synthesized through photochemical methods3 using AgNO3 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 9th and 10th wells are used as controls and are filled with the test 

solution for the one-step qRT-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)1. 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 silica2. 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 gel2. 

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.2 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 
Sample SBET  (m2.g-1) Vt(cm3.g-1) DBJH (nm) 
Normal dried silica 460.03 0.91 6.67 
Freeze-dried silica  645.38 0.98 7.41 

 

 
Figure 1. Isotherms of the silica samples 

CONCLUSION 
It was possible to obtain silica with a high surface area (645 m²/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 separation1. In this sense, coating Ni NPs with activated carbon is an ideal strategy for this purpose thanks to its 

low density and large porosity2.  

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 ºC) 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, I will showcase the most promising Ni NPs for water decontamination.  

 

Fig. 1: Schematic of the MOF-derived fabrication of the carbon-coated Ni nanoparticles of this work. 

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. 

ACKNOWLEDGMENTS 

This work was financially supported by the research projects PID2022-138256NB-C21 (AEI, Spain & FEDER, EU) and 

AYUD/2021/51822 (Gobierno del Principado de Asturias, Spain). The authors would like to acknowledge the technical 

support provided by Scientific-Technical Services of the University of Oviedo, Spain. 

REFERENCES 

[1] F. Martin et al., J. Alloys Compd. 853 (2021) 157348. 

[2] M. Fadel, et al., J. Mater. Chem. C 11 (2023) 4070. 

mailto:uo273017@uniovi.es


Titanium Carbide MXenes (Ti3C2) with Nickel cocatalyst to Construct g-C3N4 Ternary Composite 

for Photocatalytic Green Hydrogen Production 

Muhammad Tahir*  

Chemical and Petroleum Engineering Department, UAE University, P.O. Box 15551 Al Ain, United Arab Emirates 

Corresponding Author Email Address: muhammad.tahir@uaeu.ac.ae  

 
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-C3N4) 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-C3N4 with the terminal functional group (-O, -OH, -Cl, and -F) have gained 

significant consideration 1. Titanium carbide (Ti3C2) 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 Ti3C2/g-C3N4 can be 

further increased by producing TiO2 NPs and coupling with metals like nickel as a co-catalyst3. In this work, 2D Ti3C2F 

MXenes with in-situ grown TiO2 to construct Ni/g-C3N4/Ti3C2@TiO2 S-scheme heterojunction loaded with single atom Ni 

was designed and tested for enhancing photocatalytic green H2 production. 

EXPERIMENTAL 
The graphitic carbon nitride was synthesized using melamine as a precursor by heating it at 550 oC for two hours followed by 

ultrasonication to get a 2D layered structure. On the other hand, Ti3C2 with in-situ grown TiO2 quantum dots were 

synthesized by using HF etching of Ti3AlC2 under a controlled environment of time, temperature and oxygen. The 

heterojunction of Ti3C2@TiO2 with g-C3N4 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-Ti3C2@TiO2/g-C3N4, 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 Ti3C2 was coupled with g-C3N4, hydrogen production 

was significantly increased. However, a tremendous increase in H2 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 separation 4.  

 
Fig. 1 (a) SEM image of Ni-Ti3C2@TiO2/g-C3N4, (b) TEM image of composite, (c) photocatalytic activity of g-C3N4, 

Ti3C2/g-C3N4 and Ni-loaded Ti3C2/g-C3N4 composite for hydrogen production.  

CONCLUSION 

Utilizing an HF-etching-assisted ultrasonic approach, we successfully created the highly efficient Ni-Ti3C2@TiO2/g-C3N4. 

The inclusion of Ti3C2 and Ni as cocatalysts shows promise in maximizing hydrogen production. The in-situ grown TiO2 

nanoparticles were promising to construct S-scheme heterojunction, resulting in significantly H2 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 1. 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 45oC 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 45oC. The solution was poured into a petri dish and left to dry at 

45oC. 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 2.4×10-5 S/cm for the pure collagen/chitosan to 5.8×10-3 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.  

 

 
Fig. 1 Effect of IL content of the conductivity of the 

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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Table 1. Comparison of conductivities of 

collagen/chitosan/0.5 g IL with Nafion and other natural 

polymer PEMs 
 

Composition Conductivity (S/cm) Ref  

Collagen/chitosan/ 

0.5 g IL 

5.8×10-3 This study 

Chitosan/MoS2 & 

chitosan/[DEMA][

OMs] 

2.18×10-3 – 2.92×10-3 

2.53×10-3 – 11.05×10-3 

3,4 

Nafion 212 and 117 6.94×10-3 and 9.8×10-2 3,5 
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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 efficiency1. Recently, the utilization of biopolymer materials in membranes for PEMFCs has 

become increasingly attractive due to their biocompatibility, renewability, and tunable properties2. Hence, in this 

study, lignin and nanocellulose were investigated for high-temperature fuel cell applications. They were synthesized 

using the gel casting technique, with polyvinylidene fluoride serving as a supporting matrix. The proton 

conductivity was measured at both room temperature and high temperature. In addition, water uptake and thermal 

stability were evaluated. 

EXPERIMENTAL/THEORETICAL STUDY 

Initially, a 25 wt.% PVDF/DMAC solution was prepared by blending PVDF and DMAC for 30 minutes at 60℃. 

Then, varying amounts of lignin, ranging from 4 to 24 wt.%, were added. After that, nanocellulose was introduced 

in different mass percentages, ranging from 9 to 37 wt.%. The mixture was then stirred at room temperature for 

around 10 minutes. Finally, the solution was cast onto a glass petri dish and dried in the oven for one hour at 85℃. 

The synthesized membranes were then peeled off and stored in plastic zipper bags for further characterization. 

RESULTS AND DISCUSSION 

The lignin membrane has shown a proton conductivity of 6.08×10-3 S/cm at 16 wt.% at room temperature. However, 

the introduction of 22 wt.% of nanocellulose has led to a tenfold increase in proton conductivity (1.2×10-2 S/cm) by 

enhancing proton pathways as can be seen in Figure 1. The membranes exhibited a slight decrease in proton 

conductivity (10-3 S/cm) at 150°C, indicating notable thermal stability and improved water retention. In addition, 

TGA data showed that the membranes are thermally more stable by maintaining ~ 90% of their weight at 

temperatures higher than 300◦C.   

 
Figure 1: proton conductivity of PVDF/16 wt. LIG membrane at different nanocellulose mass percentages. 
CONCLUSION 

Lignin was integrated into the PVDF matrix at varying mass ratios, followed by subsequent modification of the 

membranes with nanocellulose. The addition of nanocellulose significantly enhanced the proton conductivity of 

lignin membranes by a factor of ten, attributed to the augmentation of hydrogen transfer pathways within the 

membrane matrix. The highest proton conductivity, reaching 1.2 × 10-2 S/cm, was attained with the incorporation 

of 22 wt.% nanocellulose. 
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INTRODUCTION 

Proton exchange membrane fuel cells (PEFMCs) are electrochemical devices that convert chemical energy into 

electricity. The performance of a PEMFC is usually determined by the efficiency of its polymer membrane (PEM) 

as it plays a crucial role in the overall functioning of the fuel cell. The most important role of PEM is to facilitate 

the proton transfer between the electrodes1. In this work, Nano H-ZSM-5 zeolite with Si/Al ratio of 100 along 

with two different ionic liquids were used as proton conductors2. The additives were combined with 

polyvinylidene fluoride as the polymer matrix. The proton conductivity and water uptake of the synthesized 

membranes were evaluated. 

EXPERIMENTAL/THEORETICAL STUDY 

The 10 wt.% PVDF solution was prepared by mixing PVDF and DMSO for 30 minutes at 60℃. Then, different 

amounts of zeolite ranging from 5 wt.% to 100 wt.% were mixed with 8 wt.% to 24 wt.% of ionic liquids for 

about 10 minutes at room temperature. Next, the two mixtures were mixed for about 5 minutes at room 

temperature. Finally, the mixture was casted slowly over a glass petri dish, then dried for around 5 hours at 85℃. 

The prepared membrane was then peeled off and kept in a plastic bag for further investigation.  

RESULTS AND DISCUSSION 

The amounts of both ionic liquids were fixed at 8 wt.% while H-ZSM-5 zeolite content was varied from 5-25 

wt.%. As it can be noticed from Figure 1 that the membrane with IL1 gave the highest proton conductivity at 5 

wt.% of H-ZSM-5 zeolite. The conductivity is enhanced by one order of magnitude compared to the (PVDF + 8% 

IL1), from 1.19×10-3 S/cm to 3.91×10-2 S/cm. The addition of IL2 gave the highest proton conductivity at 10 

wt.% of H-ZSM-5 zeolite which is higher by 30% compared to the (PVDF + 8% IL2) membrane. Moreover, both 

ILs gave higher proton conductivity than the pristine PVDF with no additives. 

 

          
Fig. 1 Effect of H-ZSM-5 zeolite content on the conductivity of the reference membrane at fixed 8 wt.% of IL1 and IL2. 

CONCLUSION 

H-ZSM-5 was incorporated into the PVDF polymer matrix in different compositions. The membranes were modified with 

two hydrophilic ionic liquids. It was found that increasing H-ZSM-5 zeolite content caused a noticeable drop in the proton 

conductivity due to particle agglomeration. Moreover, both ionic liquids seemed to enhance the proton conductivity with IL1 

giving the highest value of 3.91×10-2 S/cm at 5 wt.% H-ZSM-5 zeolite content. 
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INTRODUCTION 

The development of new proton exchange membrane (PEM) for electrochemical devices, such as fuel cells and 

electrolyzers, have attracted researcher’s attention in the pursuit for more sustainable and cost-effective 

technologies for clean energy production, being extensive those for CO2 reduction and conversion1,2. To this end, 

in the present work, new modified chitosan (CS) membranes doped with ionic liquids (ILs) were developed to 

perform as PEM at those electrochemical devices, as an alternative to widely used commercial Nafion, with 

several advantages such as wider availability, lower cost, biodegradability and thermal stability. These modified 

membranes for use in electrochemical devices are expected to show suitably enhanced ion conductivity and also 

improved mechanical strength associated to a decrease in water uptake. 
  

EXPERIMENTAL 

The chitosan powder (CS) (medium molar mass and 75–85% deacetylation degree) and glycerol (Gly), used as a 

plasticizer agent, were purchased from Sigma-Aldrich. Membranes were prepared by casting chitosan/IL 

solutions with 50% and 33% of [EMIM][OTf], 33% of [EMIM][NTf2], and 10% of [MIMH][HSO4] (Fig.1). 

Characterization was done by ATR-FTIR spectroscopy (Perkin Elmer spectrometer) and proton conductivity was 

evaluated by electrochemical impedance spectroscopy (EIS) (Solartron 1250 FRA), using a BekkTech 

conductivity cell under controlled temperature and relative humidity (RH) conditions. 

 

 

 

 

 

 

Fig. 1. Structure of used ionic liquids: [EMIM][OTf] (a), [EMIM][NTf2] (b), 

[MIMH][HSO4] (c); and proton conductivity of chitosan membranes at 100% RH vs. 

temperature (d). 

 

RESULTS AND DISCUSSION 

New chitosan membranes were prepared by casting with the incorporation of ILs as dopants, and analyzed by 

ATR-FTIR. EIS assessment of the doped membranes indicated that the incorporation of IL modifies their proton 

conduction. At 100% RH, all doped membranes showed a significant increase in the proton conductivity, which 

rises with the increase of temperature, compared to the pristine CS membrane. The best proton conductivity, 

45 mS/cm, was observed for membrane CS_[MIMH][HSO4]_Gly with 10 wt% of loading at 60 ºC (Fig. 1). 
 

CONCLUSION 

New modified chitosan membranes were obtained by casting with ILs as dopants, showing higher proton 

conductivity than pristine chitosan membrane at 100% RH. Results confirm that these membranes are a promising 

material for electrochemical devices. 
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Shaped heterogeneous acidic and metal modified catalysts in the forms of extrudates, sphere, 

stars and cylinders are applied in several petro-chemicals, fine and speciality chemicals. 

Separation of heterogeneous catalysts from liquid phase reactions, regenerations and reuse are 

some of the important advantages as compared to the use of catalytic materials in powder forms. 

Menthol is one of the most valuable aroma compound used in pharmacueticals, medicinial 

molecules, drug discovery and additives in food ingredients. The demand for industrial 

production of menthol using green process technology is increasing. Synthesis of menthol from 

citronella using metal modified heterogeneous catalysts is the most efficient, environmental 

friendly and productive technology. Catalytic active metals such as Ru, Pt, Pd, Cu, Zr, Ni, Zn 

and Ir supported on Al2O3, SiO2, SBA-15 and H-Beta zeolite have been studied for production 

of menthol from citronellal. Na-MCM-41 mesoporous material was synthesized in an autoclave 

and transformed to H-MCM-41 by ion-exchange with NH4Cl solution for 24 h. NH4-MCM-41 

was washed with distilled water, dried at 100 0C and calcined at 450 0C in a muffale oven to 

obtain H-MCM-41 powder catalyst. H-MCM-41extrudate was prepared by mixing powder H-

MCM-41 with colloidal silica binder Bindzil-50/80. 2 wt % Ru modified H-MCM-41 extrudate 

catalyst was prepared using RuCl3 aqueous solution by evaporation impregnation method. The 

extrudates were dried at 100 0C and calcined at 400 0C for 3 h. The physico-chemical 

characterizations of the extrudate shaped catalysts were carried out using TEM (Figure 1), 

SEM-EDS (Figure 2), XRD, N2-Physisorption and FTIR-Pyridine. Synthesis of menthol from 

citronellal, isopulegol and citronellal experiments over H-MCM-41and Ru-H-MCM-41 

extrudate shaped catalysts were carried out for 3 h in a fixed-bed reactor at reaction temperature 

70 0C and pressure 10 bar of H2. The highest conversion of citronellal and yield of methanol 

was obtained for Ru-H-MCM-41 extrudate catalysts. Catalytic activity results in menthol 

synthesis and characterization of Ru-MCM-41 extrudate shaped catalysts will be discussed 

during the presenation in conference. 

 

Figure 1. TEM Ru-MCM-41 extrudate. Figure 2. SEM Ru-MCM-41 extrudate.  
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INTRODUCTION 

Defect engineering is a promising approach in catalysis research, as it can significantly enhance the specific activity 

and selectivity of catalytic reactions. Anodic NiO was shown to yield enhanced potential for photocatalytic 

applications compared to nanoparticle NiO electrodes1. This study uses a two-step electrochemical anodization 

method on nickel foil substrates to fabricate highly porous one-dimensional nanostructured nickel suboxides and 

evaluates the OER potential for electrodes prepared under varying annealing conditions.  

EXPERIMENTAL 

By applying defect engineering through annealing in different environments (Air, Ar, ArH2 at 450°C for 12 hours), 

a high defect density can be created (as revealed by Mott–Schottky and X-ray photoelectron spectroscopy), leading 

to improved electrocatalytic activity for the oxygen evolution reaction (OER).  

RESULTS AND DISCUSSION 

It was found that the nanostructured NiO/NiOOH, obtained through annealing in an ArH2 environment, shows high-

efficiency electrocatalysis for OER. The nanostructured NiO/NiOOH exhibited low overpotentials (291 mV at 10 

mA cm−2) and maintained excellent stability over 1000 cycles. Furthermore, the electrochemical analysis, coupled 

with X-ray photoelectron spectroscopy (XPS), X-Ray diffraction analysis (XRD), and field emission scanning 

electron microscopy (FESEM), revealed that the induced structural evolution of the electrochemically active sites 

and defects resulted in a significant improvement of the electrocatalytic activity. Overall, the most optimized NiOx 

electrode exhibited a Tafel slope of 67.7 mV dec−1 in 1.0 M KOH, which is significantly lower than that of  

conventional reference RuO2 electrodes (with a slope of 116.2 mV dec−1) , reference Ni foil (229.6 mV dec−1) and 

NiO powder (262.9 mV dec−1).  

          
Fig. 1 a) Anodic NiO nanosponge annealed in Ar environment, SEM and optical image; b) XPS showing differences in the Ni 

oxidation states upon annealing in various environments; c) LSV polarization curves of anodic NiO annealed in different 

conditions, RuO2/Ni foil, blank Ni foil and NiO powder (as references) in 1.0 M KOH at a sweep rate of 10 mV s-1. 

CONCLUSION 

These findings demonstrate the capability of defect engineering and one-dimensional nanostructured nickel suboxides in 

developing high-performance electrocatalysts for water-splitting applications and can potentially be combined with existing 

NiO2 base electrode technologies for alkaline electrocatalysis. 
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INTRODUCTION 
Semiconductor compounds from the antimonide family provide a good alternative to be applied in the fields of 
microelectronics and optoelectronics due to their electrical, structural, and optical properties, including high 
electron mobility and a direct band gap1. Recently, there has been an increased interest in improving the crystal 
quality of III-V semiconductors, leading to the study of coupling III-V materials alloys with 2D materials such as 
graphene (G)2. Highlighting the possible influence of graphene on the growth of nanowires of GaSb 
heterostructures, offering innovative perspectives for the design and fabrication of advanced optoelectronic 
devices3.  

EXPERIMENTAL/THEORETICAL STUDY 
In this work, we employed the close space vapor transport (CSVT) technique to couple GaSb heterostructures 
onto graphene. GaSb films were deposited by CSVT for 10 min, at different temperatures from 510°C to 610°C, 
under a constant flow of H2. The substrates used were G/Si (111).  

RESULTS AND DISCUSSION 

The samples were characterized by Raman, scanning electron microscopy (SEM), and X-ray photoelectron 
spectroscopy (XPS).  

 
Fig. 1 a) Raman spectra and b) SEM of the GaSb/G/Si heterostructures at different temperatures. 

Raman measurements confirmed the growth of GaSb on the mentioned substrates, evidencing the LO and TO 
phononic modes. Additionally, a cluster of GaSb islands on graphene, which could well be composed of 
nanocolumns were found by SEM. 
CONCLUSION 
It was possible to grow GaSb on G/Si (111) substrates with a technique different from conventional techniques. 
The development of this work will allow finding the optimal conditions to achieve the controlled growth of GaSb 
nanowires.  
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INTRODUCTION 

TiSiO4 perovskite is a promising potential material whose structural, electrical, mechanical and optical properties 

are under investigation1 and whose sensor sensitivities have not been sufficiently investigated. Therefore, the 

results of hydrogen (H2) sensing and electrical properties  of TiSiO4 perovskite will provide an important 

contribution to the literature for the investigation of other sensor applications of TiSiO4 material. 

H2, is a renewable energy source and has various technological applications such as chemical production 

(petroleum refineries, ammonia production, fertilizer production, metal refining …), fuel cell technology to 

produce electricity, fuel for transportation, fuel for rocket engines, etc2. But, there are the some disadvantages of 

H2 such as H2 cannot be detected by human senses and H2 is non-toxic, the lightest element, colorless, odorless, 

tasteless, flammable, and explosive above 4% concentrations in any ambience. Therefore the detection of H2 is 

crucial and H2 sensors are used for leak detection, safety issue, and real-time quantitative analysis3,4. The present 

study focus on fabrication of TiSiO4 perovskite Schottky diode for H2 sensor application.  

EXPERIMENTAL/THEORETICAL STUDY 

To fabricate of Pt/TiSiO4/p-Si devices, a commercially available p-Si wafer was used and RCA1 cleaning 

procedure was applied5. The matte surface of the cleaned p-Si wafer was coated with 100nm aluminum (Al) metal 

by DC sputter method as a back contact. TiSiO4 was coated on the glossy surface of the p-Si wafer by RF sputter 

method as an interface. Finally, platinum (Pt) point contacts for electrical measurements were coated by DC 

sputtering. I-V and C-V measurements of the fabricated Pt/TiSiO4/p-Si devices were performed depending on 

tempereature and H2 gas. Figure 1a shows the schematic diagram of the fabricated Pt/TiSiO4/p-Si device. 

RESULTS AND DISCUSSION 

Figure 1b shows the I-V characteristics of the Pt/TiSiO4/p-Si device measured in the range 300-473 K in 20 K 

steps. As can be seen from the graphs, the Pt/TiSiO4/p-Si device exhibited Schottky behaviour at low temperatures 

near RT. However, it exhibited ohmic behavior as the temperature increased. Figure 1c shows the H2 sensor tests 

of the Pt/TiSiO4/p-Si device. The I-V variations of the device at room temperature in dry air and 1% H2 flow are 

given. As can be seen from the figure, the Pt/TiSiO4/p-Si device showed sensitivity to H2 gas. 

 
  

(a) (b) (c) 
Figure 1. (a) Cross-sectional representation of Pt/TiSiO4/p-Si device,  T (b) emperature dependent changes of I-V graphs with 20 K steps 

between 300-473 K and (c) Variation of I-V graphs at room temperature, under dry air and 1% H2 flow 

 

CONCLUSION 

I-V measurements showed Schottky behavior at low temperatures and ohmic behavior as the temperature increased. 

According to the gas tests, the device showed sensitivity to H2 gas. 
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INTRODUCTION 

Hydrogen is the lightest element, the most abundant in the universe and a future clean energy source1. 

Additionally, hydrogen is used in a wide range of industrial applications, including chemical, glass, plastic, food, 

transportation, and semiconductor industries. On the other hand, hydrogen has a lower explosion limit of 4% in 

air and it is colorless, odorless, and tasteless and cannot be detected by the human senses. Therefore, accurate and 

fast hydrogen detection is very important. Hydrogen sensors are used for especially safety issues, real-time 

quantitative analysis and leak detection during the use of hydrogen in various industrial applications2,3. Among 

the various hydrogen sensors depending on the physico-chemical detection mechanism, the resistive metallic 

hydrogen sensor is one of the best performing. In general, palladium (Pd), platinum (Pt), and their alloy are used 

as a sensitive materials for metallic resistive hydrogen sensors4. In this study, the structural and resisitive 

hydrogen sensing properties of Pt-Pd alloy thin films prepared on a flexible substrate at different ratios were 

investigated. 

EXPERIMENTAL STUDY 

The PtxPd1-x (x =0.25, 0.50 and 0.75) thin films were prepared by using the co-sputtering technique from pure Pt 

and Pd onto a flexible polyamide substrate. The thicknesses of the films were approximately 2 nm and 

simultaneously measured with a QCM sensor from Inficon in the PVD system. Structural characterization of the 

film was done by scanning electron microscopy, Energy Dispersive X-ray spectroscopy (EDX) and X-ray 

photoelectron spectroscopy (XPS) techniques. Two silver electrodes are coated on the PtPd alloy films by using 

thermal evaporation system with a shadow mask to obtain resistive sensor devices. The hydrogen sensing 

properties of PtPd alloy thin films were tested depending on temperature, hydrogen concentration, and the alloy 

composition. 

RESULTS AND DISCUSSION 

Fig. 1a shows the schematic diagram of the sensor device. The sensor response of Pt0.50Pd0.50 alloy thin film at the 

50°C for various hydrogen concentration is shown in Fig. 1b and the hydrogen exposure causes a decrease in the 

resistance for the measured concentration. This behavior is similar to pure Pt based resistive hydrogen sensor and 

could be explained with surface charge scattering phenomenon4-6. Fig. 1c shows the repeatability of PtPd alloy 

thin film sensors exposure to 1% hydrogen at 50°C. The hydrogen sensing properties PtPd alloy thin film 

depending on temperature, concentration and composition rate will be discussed in detail.  

(a)  (b) (c) 
Fig. 1 A schematic diagram of the sensor device (a), sensor response of Pt0.50Pd0.50 sample (b) and the repeatability of all samples (c). 

CONCLUSION 

PtPd alloy thin film based resistive hydrogen sensor devices showed high sensitivity, fast response, low working temperature 

even at room temperature and could be used in leak detection applications.  
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INTRODUCTION 

Since the inception, in 1970s, of polymer electrolytes, it has been recognized that low salt concentration 

polymer electrolytes (Salt-In-Polymer-Electrolytes-SIPEs), where the ion transport is through polymer 

segmental motion, have two limitations i) low cationic transport number and ii) slow ion transport. The 

formation of ion-pairs at high salt concentration puts a control on the highest possible salt concentration. 

In 1990s, Angell and coworker demonstrated that if the salt concentration is further increased beyond a 

threshold value these ion-pairs/clusters are connected throughout the lattice and then it leads to the 

change of ion-dynamics. Now the ion-transport is decoupled from polymer segmental motion resulting 

in ion diffusion through the ion-cluster. This leads to faster ion transport and improved cationic 

transference number. These materials are classified as Polymer-In-Salt-Electrolytes (PISEs). PISEs 

could not reach to commercial stage because of unavailability of good host which can accept required 

large amount of salt and keep it in dissociated form along with maintaining the flexible morphology 

required for device fabrication. Theoretically it has been predicted that the host with loosely bond 

chemical structure and having the possibilities of hydrogen bonding may be a good candidate. To 

address the problem of salt recrystallization, a new concept of adding the diluent is used to maintain a 

specific distance between aggregates. Another prevailing concept in the field of polymer electrolytes is 

stabilizing the water molecules in the electrolytes, it is an effort to have aqueous electrolyte type 

behavior in solid state, this concept is classified as ‘Water-in-Polymer-Salt-Electrolyte’ (WiPSE). 
EXPERIMENTAL/THEORETICAL STUDY 

Using the two concepts (addition of diluents and WiPSE) along with nature of starch-salt where the 

addition of salt breaks the starch (changing covalent bonds to hydrogen bonds i.e., enhancing loosely 

bonded structure), our group has developed a novel protocol to synthesize flexible, economical, 

ecofriendly and easy to handle PISE. High probability of hydrogen bonding in starch and salt also favors 

our selection of starch for PISEs synthesis. Adding up a novel step of exposing the synthesized PISE to 

high humidity (~99%) for long hours (~24 hours), the PISE behavior have been changed and now it is 

quite independent of ambient changes and its resistance is stabilized at lower value of resistance. Same 

protocol has been successfully used with many starches (namely arrowroot, rice, corn, potato, wheat 

etc.) with different sodium and magnesium salts.  
RESULTS AND DISCUSSION 

These PISE/WiPSE have low resistance (<5 Ω and sometimes going b below 1Ω), wide electrochemical 

stability window (>2.5V) and low resistance. They are economical and can be synthesized using a 

simple protocol. These PISE/WiPSE are successfully explored for supercapacitor fabrication and 

capacitance up to few hundreds of F/g with columbic efficiency above 97%.  
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INTRODUCTION 

Periodic nanostructures are used to increase the Raman signal by electromagnetic hotspots created at the 

resonance modes, this technique is known as Surface enhanced Raman spectroscopy (SERS).  

EXPERIMENTAL AND THEORETICAL STUDY 

An optimal SERS substrate was selected among substrates of various periods fabricated using Laser interference 

lithography (LIL). Its practical use was tested by sensing various chemicals used in the agricultural sector. LIL 

was used to fabricate gold nanodisk arrays of varying periods on a glass substrate. The period to diameter ratio of 

the nanodisk arrays was close to 2 and the thickness was about 50 nm. 

RESULTS AND DISCUSSION 

The Raman response of nanodisks of varying periods was compared using the chemical Pyridine. The 300 nm 

period displayed the highest SERS enhancement among the LIL substrates. Experimental transmission 

measurements and their finite element method (FEM) simulations were performed to understand the optical 

response of the LIL substrates. The average enhancement factor of the 300 nm period substrate was calculated. 

The detection limit of various commercially used agrochemicals was tested on the optimal substrate. 

 
Fig. 1 (a) Experimental and (b) simulated transmission spectrum of the LIL substrates of various periods. (c) Simulated 

normalized electric field for the 300 nm period substrate at the resonance wavelength. (d) Response of the LIL substrates of 

various periods to the chemical Pyridine. 

CONCLUSION 

The 300 nm period substrate displayed the highest enhancement because of the vicinity of its plasmonic peak to the 

excitation source wavelength and also to the target molecule peak. To verify its practical use as a SERS substrate, the Raman 

response of varying concentrations of commercially used agrochemicals was measured on the optimal substrate. 
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Abstract: The three-component systems SiO2 : Gd2O3 : Eu2O3 can be used in medicine, catalysis, optics. For different applications it is necessary to characterize the surface properties of the synthesized solid 

phases. The surface properties can be investigated by different methods: IR-, UV- and visible spectroscopy, adsorption-chemical, the Hammett indicator adsorption method. 

Purpose of work: Determine the kinetics of the synthesis of the SiO2 : Gd2O3 : Eu2O3 system under tetraethoxysilane hydrolysis conditions in water, calculate the activation energy, and compare the effects of 

metal ion concentration on the formation of the SiO2 : Gd2O3 : Eu2O3 system and researching acid-base properties of samples obtained from TEOS, europium and gadolinium nitrate solutions using different 

solvents: citric acid, ethanol.

CONCLUSIONS: The activation energy of the hydrolysis process depends on the concentration of Gd2O3 - Eu2O3 oxides and varies in the range of 17.65-6.03 kJ/mol The maximum value of the 

activation energy is 17.65 kJ/mol for the system with the absence of rare earth elements (SiO2 : Gd2O3 : Eu2O3 = 100:0:0). The addition of Gd3+ and Eu3+ ions reduces the activation energy of silicon 

oxide formation from tetraethoxysilane. So these ions play the role of catalysts. The response degree of α stage of hydrolysis increases from 2% to 20% with increasing concentration of Gd2O3 - Eu2O3. 

Therefore, the rate and completeness of hydrolysis increases with increase in rare earth elements oxide content. The degree of response α stage of polycondensation also increases with increasing 

the content of Gd2O3 - Eu2O3, but does not reach 100%, this is due to the fact that in the process of transformation hydrated gadolinium and europium ions are located on the surface of silicon oxide 

particles and shield them from further deposition. That is, in the process of heterogeneous hydrolysis, a layered structure was obtained: in the center the Si(OH)4 nucleus, then a polymer 

layer ≡ Si - O - Si ≡, then a layer of hydrated metal ions, which after firing turn into oxides Gd2O3 and Eu2O3.

The concentration of major activity centers differs markedly when using different drying and synthetic methods. The best results are obtained using Lyophilic drying method and synthetic system 

Three samples were obtained from solutions TEOS, europium and gadolinium nitrate using 

different solvents: citric acid, ethanol. 

Sample 1: Method with citric acid after Lyophilic drying.  

Sample 2: Method with ethanol after Lyophilic drying. 

Sample 3: Method with ethanol, natural air drying.

The calculation of the specific adsorption g (mol/g) was performed using the formula:

g =
𝑐.𝑉

𝐷𝑜
.

𝐷𝑜−𝐷1

𝑎1
±

𝐷𝑜−𝐷2

𝑎2

where c is the indicator concentration, mol/dm3; V is the sample volume, dm3; D0 is the 

optical density of the initial indicator; D 1 is the optical density of the indicator after sorption 

by the sample; D 2 is the optical density of the blank sample (solvent + material 

sample); ɑ1, ɑ2 are sample weights, g.

We calculated the activation energy of the hydrolysis process of the 

system for each ratio of components by the formula: 
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INTRODUCTION 

 

Energy conservation is an important topic of scientific research today. Supercapacitors and batteries can help 

store electrical energy obtained from other sources. Carbon-based materials (i.e. activated carbon, etc.) were used 

to make battery electrodes1. At the same time, reduced graphene oxide (rGO) is a promising material for 

improving the structural and electrochemical properties of capacitive electrodes used in supercapacitors and 

batteries2. 

 

EXPERIMENTAL 

 

Graphene oxide was obtained by Hummer-based method. Freestanding rGO membranes were prepared by 

vacuum filtration of GO without binders with the following heat treatment. rGO-based electrodes on substrates 

were prepared by mix rGO aerogel with polymer binder and covering onto different substrate. Different 

electolytes were used for the experiment: KOH, H2SO4, etc.  

 

RESULTS AND DISCUSSION 

 

rGO aerogel, which has a large specific surface area, is a more promising material for energy storage in 

comparison to freestanding rGO membranes obtained by vacuum filtration without binder or prepared by simple 

hand-made-pressing with binder. Thus, the preparation process of rGO-based electrodes, as well as composite 

materials based on rGO, plays a significant role in the properties of final material. 
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INTRODUCTION 

BiVO4 is a semiconductor exhibiting n-type conductivity and photocatalytic properties, with promising potential 

for practical applications in water purification and solar-driven hydrogen production1. For these applications, a 

high-performance and cost-effective photoelectrode with a large area of active surface is required. Such 

photoelectrodes can be formed on conductive and porous CuO-Sb2O5-SnO2 ceramics, which act as a free-standing 

substrate to host the photocatalytic coating2. In the presented work, we report on BiVO4 photoelectrodes grown 

through the 'directed assembly' of charged multilayers of precursors on the surface of CuO-Sb2O5-SnO2 ceramics. 

To the best of our knowledge, this work reports for the first time on obtaining a BiVO4 coating onto a CuO-

Sb2O5-SnO2 substrate using the 'directed assembly' method. This method could be applied for the controlled 

molecular-level engineering of grain surfaces in tin dioxide ceramics. 

EXPERIMENTAL 

Conductive CuO–Sb2O5–SnO2 substrates were obtained and prepared as previously reported2. Subsequently, the 

substrate was immersed alternately for 60 seconds in: (a) a solution containing Bi3+ ions, prepared by dissolving 

0.388g of Bi(NO3)3·5H2O in 0.5mL of HNO3 and 25mL of deionized water; (b) deionized water for rinsing; and 

(c) a solution containing VO4
3− ions, prepared by dissolving 0.0936g of NH4VO3 in 25mL of 0.1 M HNO3. 

Repeated application of this treatment cycle led to the formation of charged multi-layers on the host surface, 

consisting of Bi3+ and VO4
3− ions. The formation of the BiVO4 coating was achieved through heat treatment in air 

at 600°C for 1 hour. 

RESULTS AND DISCUSSION 

The FESEM micrographs of the obtained structures are presented in Fig. 1(a)-(c), while confirmation of the 

BiVO4 coating, provided by the Raman spectra, is shown in Fig. 1d. The BiVO4 photoelectrodes exhibit a 

photocurrent of approximately 8.8 mA/cm² at 1.23V vs RHE under blue LED radiation (Thorlabs M365LP1; 365 

nm) in 1M NaOH electrolyte. This observed photo-response is primarily attributed to the presence of the BiVO4 

coating, given that the photocurrent of the bare substrate under the same LED is approximately 0.5 mA/cm² at 

1.23V vs RHE. 
CONCLUSION 

The directed assembly method has been successfully employed to modify the grain surfaces of CuO–Sb2O5–SnO2 ceramics 

with a nanometric functional BiVO4 coating. The simplicity and monolayer precision of this method make it a promising 

approach for engineering the sensory and photoelectrochemical properties of SnO2-based ceramics. 
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Fig. 1. FESEM micrographs and Raman spectra for (a) bare CuO–Sb2O5–SnO2 ceramics and (b-d) those with a BiVO4 

coating obtained after 30 treatment cycles. The inset in (d) showcases the BiVO4 photoelectrode. 
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INTRODUCTION 
Stating the constant increase in anthropogenic CO2 emission to the atmosphere and resulting from it dynamic growth of carbon 
dioxide concentration, other efficient ways for utilization of this gas are necessary to develop1. Catalytic processes designed 
for this purpose are gaining popularity, among which CO2 hydrogenation to methane is especially promising2. Most popular 
catalyst for CO2 methanation, due to its cost-effectiveness, availability, and satisfactory price-performance ratio, is Ni/Al2O3 3. 
However, this material easily undergoes deactivation to various factors such as coking and sintering 4. Those setbacks may be 
partially overcome by enriching the catalyst in proper promoter and application of synthesis route that can provide stronger 
metal-support interaction. Cobalt seems to be advantageous material, due to its high performance in steam reforming of methane 
5 or Fischer-Tropsch synthesis on CO2-rich gases 6. Likewise, it reduces coke formation and tend to form alloy with nickel in 
Ni-Co bimetallic catalyst, which improves electron transfer 7. In this work we proposed to use Co3O4 and Ni-substituted Co3O4 
catalysts for CO2 methanation. 

EXPERIMENTAL/THEORETICAL STUDY 
In this work, Co3O4 and Ni-substituted Co3O4 catalysts were synthesized by a single-step solution combustion method 8. These 
catalysts were characterized by XRD, XPS, SEM, TEM, BET, ICP-OES and H2-TPR analysis in order to know the physical, 
structural, morphological, elemental and redox properties of the materials. The catalytic activity studies were performed in a 
fixed bed quartz reactor with 4mm ID. Catalyst loading of 200 mg was taken in the reactor in the form of pellets with 60/80 
mesh size and it was diluted with silica gel in order to maintain the consistency of 1.5 cm bed length for all the materials and 
the catalyst was packed between the quartz wool plugs. The catalyst was reduced with H2 for 1 h at 400°C with a flowrate of 
30 ml/min. After the completion of the reduction step, the catalyst was subjected with the feed stream with a flowrate of 100 
ml/min in which the CO2 flowrate was 2 ml/min, H2 flowrate was 8 ml/min and the remaining was N2 within a temperature 
range of 175-450°C with an increment of 25°C. The gas outlet was connected to the gas chromatography (GC) in order to 
measure the composition. 

RESULTS AND DISCUSSION 
The XRD patterns of the catalysts Co3O4, Ni-Co3O4, NiO were matched with the reference files of Co3O4 (JCPDS file: 00-043-
1003), NiO (JCPDS file: 00-001-1239). A separate NiO phase was observed in 20%Ni-Co3O4 and 25% Ni-Co3O4 at 2θ value 
of 45°. This indicates the possibility of effective lattice substitution at a high Ni loadings. ICP-OES results further confirmed 
the accuracy of Ni loading in Co3O4 lattice. The H2-TPR studies were done in order to know the reducing nature and the oxygen 
vacancies of the catalysts. Interestingly, the reduction ability of the catalysts was enhanced with Ni loading by shifting the 
rection peak maxima to lower temperature with increase in loading. Among all catalysts, 20% Ni-Co3O4 was found as the best 
material with 78% of CO2 conversion and 98% of methane selectivity at 375°C. The synergy between NiO and Co3O4 is 
improving the catalyst performance. However, beyond 375°C, a drop in CO2 conversion was observed due to thermodynamic 
limitations. DFT simulations further validated the role of oxygen vacancies for the better catalytic performance. 
CONCLUSION 
In this work, we successfully induced Ni substitution in lattice up to 15% loading. The role of oxygen vacancies on the catalytic 
activity was correlated with H2-TPR and DFT simulations. The elemental composition was further confirmed with ICP-MS 
analysis. All Ni-doped catalysts offered decent performance, however, the highest performance of 78% CO2 conversion and 
more than 98% CH4 selectivity was achieved with 20%Ni-Co3O4. 
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INTRODUCTION 
Notwithstanding the myriad reported advantages of nanomaterials across diverse sectors, it is imperative to 
acknowledge the latent health and environmental hazards that accompany their evolution and implementation, a 
realm yet to be comprehensively explored1. The predominant focus of nanomaterial research has predominantly 
fixated upon their distinctive functionalities across various disciplines and applications, often at the expense of a 
comprehensive evaluation of the potential environmental ramifications spanning their entire life cycle1. There is 
also concern about the environmental sustainability of nanomaterials pathways contributing to environmental 
problems2. A comprehensive approach such as life cycle assessment (LCA) can provide a better understanding of 
the potential environmental problems of nanomaterials, guaranteeing the environmental viability of their 
application.  

EXPERIMENTAL/THEORETICAL STUDY 
The starting point of the research has been identifying nanoparticles and nanoparticles containing materials 
employed within the construction industry. For this purpose, an exhaustive exploration of relevant literature was 
undertaken employing a diverse set of terms encompassing nanoparticles and nanotechnology, coupled with 
keywords specifically denoting LCA in the construction domain. Subsequently, the investigation extended to the 
identification of standards governing impact categories in LCAs, along with the discernment of existing LCA 
databases pertinent to the construction sector. Furthermore, to execute a comprehensive comparative analysis 
across the reviewed literature, a set of indicators compiling impacts categories were summarized. Finally, a 
comparative analysis revolves around the following four aspects: LCA methodology in use, analyzed impact 
categories, site boundaries and scope of assessment.  

RESULTS AND DISCUSSION 
Nowadays, there is a significant lack of information regarding the fate of nanoparticles emissions once they have 
been released to the environment, and its consequences for human health and ecosystems quality. Currently 
available products databases do not include specific data regarding nanoparticles, therefore emissions throughout 
the whole life cycle of the nanoproducts must be informed specifically for each study. Finally, as impacts 
associated to nanoparticles emission cannot be calculated nowadays, it advisable to include in LCA studies 
information about predicted emissions and risk assessment for the nanoparticles involved. 
CONCLUSION 
As a result of the aforementioned information scarcity, LCA cannot be fully applied to the study of nanoproducts. Methods 
that can evaluate the impacts for human health and ecosystems quality, considering nanoparticle emissions, must be 
implemented. Due to the current importance of nanoparticles, obtaining reliable and robust results from nanoparticles LCA is 
valuable to improve existing methods and databases.  
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INTRODUCTION 

Recent studies suggest that the promising lightweight binary hydride, MgH2, can serve as an active anode material 

for Li-ion batteries through the following reversible reaction: 2Li+MgH2 ↔ Mg+2LiH  (1) [1]. The theoretical 

capacity of this reaction is 2038 mAh/g, which is more than five times the capacity of natural graphite, i.e. 372 

mAh/g. However, the electrochemical reaction (1) is kinetically slow when pure MgH2 is utilized, for instance, 

the forward conversion efficiency is < 10%, and the reversible conversion efficiency is < 5%. On the other hand, 

as per our previous observations upon using MgH2 as a hydrogen storage material, it is possible to improve it 

kinetically by incorporating suitable additives [2]. In the literature metal oxides were identified to be promising 

for enhancing the Mg-H interaction at lower temperatures. Our recent experiments with V2O5 as an additive for 

MgH2 shown promising improvements as a hydrogen storage system [2]. With these inputs, for the current study 

our interest is to use MgH2-V2O5 composite as a Li conversion material in a Li ion coin cell battery. 

EXPERIMENTAL 

The 5 wt.% V2O5 added MgH2 was prepared through mechanical milling technique (Retsch PM200). Structural 

characterizations were performed by X ray diffraction technique (Rigaku diffractometer, λ=1541 Å). CR2032 

coin cells were prepared using MgH2 as anode (carbon mounted on Cu as current collector), Celgard 3501 as 

separator, Li as counter electrode, LiPF6 in 1M EC/DMC as electrolyte. 

RESULTS AND DISCUSSION 

It is found that a Li ion battery with the current anode active material (5% V2O5 added MgH2) delivers ∼600 

mAh/g in the first cycle and restores 180 mAh/g. The reversible capacity decreases and no observable conversion 

occurs after 5 cycles. Nonetheless, it is also clear that V2O5 added MgH2 performs better than the pure MgH2 as 

the latter does not restore Li under the testing conditions employed in the current study. With this observation, our 

further interest is to explore the interaction between V2O5 and MgH2. For this, we have reviewed 8 different 

samples, xMgH2+V2O5 (x=1, 2, 3, 4, 5, 6, 7 and 8). Through these studies we have observed that the interaction 

between MgH2 and V2O5 ends up with the formation of a V dissolved MgO rock salt, typified by MgxVyOx+y.  

CONCLUSION 

The current study suggests that V2O5 is a better additive to promote the electrochemical reaction of Li with MgH2. The cyclic 

stability of the MgH2-V2O5 employed battery remains an issue to be solved but it is clear that only after the incorporation of 

additive (V2O5) reversible storage of Li is possible in the current study. The detailed sample characterization study proves 

that the additive V2O5 and MgH2 interact chemically and ends up with the formation of V dissolved MgO. From this we 

believe that the in-situ generated V doped MgO promotes the conversion interaction between MgH2 and Li. 
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INTRODUCTION 

The USDOE hydrogen storage capacity target for a hydrogen powered fuel cell electric car is 6.5 wt.% H2. To 

reach this capacity, several classes of solid-state metal hydrides were tested, for example, intermetallic hydrides, 

complex hydrides and binary hydrides, however it is not yet possible to optimize a suitable hydrogen storage 

material as per the targets. To date, the best observed experimentally reproducible capacity is 6 wt.% H2 by MgH2 

system (theoretical capacity: 7.6 wt.% H2), however when we consider at least a 20% weight contribution from 

the tank, the 6 wt.% capacity comes down to 4.8 wt.% which is lesser than the USDOE target for hydrogen 

vehicles. In this context we need to develop other high-capacity hydrogen storage materials and our interest in the 

current study is a promising reactive hydride composite (RHC) system 2LiH+MgB2. The reproducible H2 capacity 

of this RHC is 10.3 wt.%, however, there exist kinetic restrictions and high temperature/pressure operational 

constraints. To address these, in the current study, we have incorporated a small quantity of additive TiB2 in place 

of MgB2 and tested the hydrogen storage capacity of the LiH/MgB2/TiB2 nanocomposite and interesting results 

were achieved.  

EXPERIMENTAL 

All the samples in the current study (2LiH + (1-x)MgB2 + xTiB2) were prepared by mechanical milling technique 

using a planetary milling facility Retsch PM200. Hydrogen storage characteristics were tested by Sieverts 

volumetric technique and structural characterization were performed by X ray diffraction facility (Rigaku). 

RESULTS AND DISCUSSION 

Initially we ball milled a mixture 2LiH + (1-x)MgB2 + xTiB2, where x=0, 0.25, 0.5, 0.75 and 1, for 5h and 

hydrogenated this mixture at the pressure of 70 bars H2 at 370 °C for 5h reaction time. For knowing the changes 

occurred due to this treatment the as-prepared and the hydrogenated samples were studied by XRD technique. We 

have identified that the expected hydride phases, LiBH4 and MgH2 can be observed between x=0-0.5, especially 

between x=0.05-0.15. For instance, in the case of x=0.5 and 0.15, we have observed 9.2 wt.% H2, that can be 

consistently reproduced (rapid kinetics upto 3 wt.%, and thereafter a slow kinetics is observed till the end of the 

reaction: dehydrogenation conditions, 406 °C/5 bar H2). In fact, two step desorption is observed for all values of x 

and we believe that the first step may be due to the separate dehydrogenation of MgH2. As far as the reaction 

kinetics in the second step is concerned, as compared to the case where no TiB2 was added, all the TiB2 added 

samples provided better kinetics. Another noteworthy observation is that the phase abundance of hydride phases 

(LiBH4 and MgH2) during repeated hydrogenation experiments is better only in the case of TiB2 added samples.  
         
CONCLUSION 

The current study suggests that TiB2 as an additive enhances the hydrogens storage performance of the reactive hydride 

composite 2LiH+MgB2. It is possible to store 9.2 wt.% H2 through the composite 2LiH+0.95MgB2+0.05TiB2 and the 

dehydrogenation kinetics tested at 406 °C/5 bar H2 back pressure is better than that observed in the case of 2LiH+MgB2. 
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INTRODUCTION 

At this modern era of technology, the utilization of 

electronic and electrical equipment has expanded 

dramatically in which underwent to electrical waste (e-

waste)1-2. In conjunction to these alarming problems, the 

demands for an alternative method to design and develop 

new biodegradable materials with less hazardous 

byproducts critically needed to substitute conventional 

energy storage devices3. The involvement of renewable 

resource-based biopolymers as host matrix with 

incorporation of small additives to overcome the 

limitations inherent in a mixture of biopolymer electrolyte 

should be taken into consideration4\. Herein, new solid 

electrolyte based on chitosan polymer matrix integrate 

with new synthesized organic additive were prepared to 

enhance the ionic conduction and crystallinity properties. 

By considering the delocalization in π-orbital system, new 

hybrid derivative of alkoxylated azo-azomethine consist 

of azo (N=N) and imino (CH=N) moiety has been utilized 

to examine how far the effects of this additive could be 

able to improve the properties of electrolyte and 

consequently lead to the performance towards EDLC.  

EXPERIMENTAL/THEORETICAL STUDY 

All reactions and work up were carried out under an 

ambient environment and no special precaution steps 

were taken during the synthetic work. Targeted azo-

azomethine additive was conducted via Schiff Base 

condensation reactions through equimolar of azo and 

alkoxylated aniline derivative in a simple Dean-Stark 

condenser. The synthesized additive was then 

characterized via selected spectroscopic analysis, thermal 

and theoretical approach prior further integrated as SBE. 

Afterwards, the targeted additive was dissolved in 1% of 

acetic acid and poured into chitosan biopolymer solution 

with constant stirring at ambient environment. The 

mixture was then casted followed by drying at 50℃ for 

30 hours. The structural, thermal and conductivity of the 

new SBE were analyze using infrared (IR), X-ray 

diffraction (XRD), thermogravimetric analysis (TGA) and 

Electrical impedance spectroscopy (EIS). 

 

RESULTS AND DISCUSSION 

The utilization of additive involving ‘Donor (D)-

Spacer(π)-Acceptor (A)’ concept which tailoring the azo 

moiety as spacer bridge assist the enhancement of the 

ionic mobility of the electrolyte. This can be seen from 

experimental and theoretical outcome. From the simulated 

data, the HOMO-LUMO gap of additive exhibit low 

range, 2.17 eV which showed good range for organic 

semiconducting materials. The frontier molecular orbital 

(FMO) distribution presented in Figure 1 reveal that 

unfilled π-orbital (LUMO) delocalized throughout the azo 

moiety and aromatic group indicate the flow of electron 

can be happen within the polymer. Moreover, the 3D plot 

from molecular electrostatic potential (MEP) also 

quantitatively reflects the resonance effects of substituents 

and give significant correlation between the MEP values 

and energy level in the system. 

 
Fig.1: (a)Molecular orbital involved in the electronic 

transition of additive (b) conductivity of SBEs system. 

 

The investigation of their potential as additive in SBE 

system has been accomplished by integrate chitosan 

biopolymer using solution-casting technique. A various 

weight ratio (2% until 10%) of synthesized additive was 

tested as new SBE. The highest ionic conductivity 

achieved was 1.27 x 10-3 Scm-1 at ambient temperature 

(303K) for the system containing 8 wt.% of chalcone-

based additive using impedance spectroscopy (Fig.1b). 

While for EDLC performances, 4 wt.% reveals highest 

specific capacitance ~4 x10-5 F/g at 5 mV/s. 

    

CONCLUSION 

The preliminary outcome from simulated and 

experimental data indicates that utilizing appropriate 

substituents affect the distribution patterns of FMOs and 

subsequently improve in conductivity due to enhancement 

of ionic mobility.  
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Introduction 

Thrombin is an important protein that can convert soluble fibrinogen to insoluble fibrin. High concentration of thrombin can 

cause thrombosis, while lower concentration leads to excessive bleeding. Therefore, the development of a rapid and precise 

sensor for thrombin detection is essential. In this study, laser induced graphene (LIG)-supported Cu and Ag bimetallic-based 

chemiresistive sensor is used to sense thrombin in human plasma. Chemiresistive sensors work on the principle of change in 

the conductivity of the sensing material on the adsorption of analyte on its surface. The precursor material for the sensing 

material is synthesized using suspension polymerization of phenol and formaldehyde, with the in-situ impregnation of Cu and 

Ag salts during gel formation step. The metal salts are directly reduced to metal nanoparticles during laser ablation. 

Thrombin binding aptamer (TBA) is used as the recognition element. Ag nanoparticles form a covalent bond with sulfhydryl 

group of TBA to which thrombin molecules attach selectively. Cu nanoparticles (NPs) enhance conductivity, and also, 

provide mechanical strength to the sensing material.   

Materials and methods 

Synthesis of Cu and Ag NPs-supported LIG (Cu-Ag/LIG) 

The copper- and silver nitrate-impregnated phenol-formaldehyde co-polymeric film is synthesized using suspension 

polymerization1. Polymeric films are cut to films of 3 X 1 cm dimensions. The films are subjected to heat treatment for 4 h at 

200 oC in N2. Heat-treated films are laser ablated using fiber laser. The working parameters such as speed, power, and 

frequency of laser are optimized to create highly conductive Cu-Ag/LIG with surface resistance less than 50 Ω. No separate 

H2 reduction step is required to reduce metal salts to metal NPs. The synthesized sensing material is termed Cu-Ag/LIG for 

reference purposes.  

Fabrication of Cu-Ag/LIG chemiresistive sensor 

The TBA solution is drop cast on Cu-Ag/LIG and kept at 4 oC for 12 h to form sulfhydryl linkage between Ag and TBA2. 

The films are rinsed with phosphate buffer to remove physically adsorbed TBA. The films are coated with 1% bovine 

albumin serum solution at 4 oC for 12 h. The coating deactivates any unreacted active site. Finally, thrombin (analyte) 

solution is drop cast on the modified film surface and kept at 37 oC for 30 min. The change in resistance before and after 

thrombin addition has been measured using novavoltmeter-2182a and ultrasensitive current source-6221, Keithley (USA).  

Results and discussion 

 
Fig. 1 (a, b) SEM images, and (c) XRD of Cu-Ag/LIG sensing chip. 

 

Fig. 1a and 1b show the SEM images of the synthesized Cu-Ag/LIG. The grooves are formed in the direction of laser 

ablation (Fig. 1a). The metal NPs dispersed on the porous graphene sheet can be seen in the high magnification image (Fig. 

1b). Fig. 1c shows the XRD spectra of heat-treated polymeric films before and after laser ablation. Peaks in the XRD spectra 

of the laser ablated films correspond to graphene plane C(0 0 2) and Cu and Ag NPs. A significant increase in the resistance 

of the synthesized Cu-Ag/LIG is observed on the addition of thrombin.  A change in resistance is directly proportional to the 

concentration of thrombin added on Cu-Ag/LIG.  

Conclusions 

The Cu-Ag/LIG-based chemiresistive sensor for thrombin detection is developed. The laser ablation not only converts the 

non-conductive polymer to highly conductive graphene but also reduces metal salts to metal nanoparticles. TBA is used to 

selectively bind thrombin molecules on the surface of the sensing material. The significant increase in the resistance of the 

sensing material is observed on the addition of thrombin solution.  
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Development of Transition Metal Dichalcogenides-based nanocomposites 

 

Transition metal dichalcogenides (TMDs) have attracted significant attention in recent years 

due to their unique electronic, optical, mechanical, and chemical properties. They consist of 

individual layers of transition metal atoms covalently bonded to chalcogen atoms. The layers 

are held together by weak van der Waals forces, allowing for easy exfoliation to obtain 

atomically thin sheets. TMDs have unique properties among other 2D materials. These 

properties can be tuned by varying the type of transition metal and chalcogen, as well as by 

altering the number of layers. This tunability offers flexibility in designing materials with 

specific properties of various applications. 

On the other hand, TMD-based nanocomposites are of great interest. The combination of 

TMD with foreign materials is a widely exploited approach, and the resulted hybrid system 

will not only possess the unique properties of each component, but shall also feature the 

emergence of new properties that can potentially be used for specific applications. 

Therefore, the preparation of new TMD-based nanocomposites is always an interest area of 

research. Since combining TMDs with foreign materials is useful, as the newly synthesized 

nanocomposites have the advantages of their components, and they may generate new 

functions due to synergistic interactions between the two different materials. Thus, studying 

the synthesis of new TMD-based nanocomposites is useful for exploring novel functionalized 

composite materials.  

The work at hand presents the preparation of TMD-based nanocomposites, prepared with 

simple and facial methods, such as: hydrothermal, solvothermal. The resulting 

nanocomposites are fully characterized by XRD, SEM, TEM, FTIR. The electrochemical 

performance of some of the prepared nanocomposites shall be tested as candidate for Lithium 

ion batteries (LIBs) anode materials. 
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INTRODUCTION 

H2 storage is a nowadays green solution for the energetic demand. The recovering of some elements 

and compounds from waste, like lead, allows its use as, for example, H2-adsorbing solid materials. 

Lead carbide (PbC) is a compound with scarce reports for H2 sorbing. For other carbides, as tin carbide 

(SnC), the alkali-metals adatoms have shown increase its H2 storage capacity1. Although it is known 

that the ideal H2 adsorption energy must be among 100 and 800 meV, the intensities of the 

chemisorption and physisorption are determinant for the H2-storage efficiency.  

THEORETICAL STUDY 

In this work, we quantify the chemisorption and physisorption degrees of H2 adsorption on the pristine 

and the alkali-metal-decorated PbC monolayer. Hydrogen storage was investigated through the H2 

adsorption energy (Δ𝐸) on the PbC monolayer, defined as Δ𝐸 = 𝐸H2:PbC − (𝐸H2 + 𝐸PbC), where 𝐸H2:PbC, 

𝐸H2 and 𝐸PbC are the Density-Functional-Theory (DFT)-determined energies for H2-containing PbC, 

a free H2 molecule and the pristine PbC, respectively. Each of these energies is composed of a non-

dispersive 𝐸non−disp term, which reflects the quantum interactions, and a dispersive 𝐸disp term, which 

is due to the long range interactions; i.e., 𝐸 = 𝐸non−disp + 𝐸disp.   Therefore, their fractional 

contribution to Δ𝐸 give a measure for the chemisorption (𝐷chem ≡ ∆𝐸non−disp Δ𝐸⁄ ) and physisorption 

(𝐷phys ≡ ∆𝐸disp Δ𝐸⁄ ) degrees2. 

RESULTS AND DISCUSSION  

According to the adsorption energies, the capacity of the pristine PbC monolayer to adsorb a H2 

molecule is similar to that of the graphene since their values are 74 and 72 meV, respectively2. 

However, in the pristine PbC monolayer there is 33.0 % chemisorption degree, in contrast to 0 % in 

the graphene; hence the adsorption energy is not sufficient to characterize the H2 storage.  

The presence of adatoms increases both the adsorption energy and the chemisorption degrees of a H2 

molecule in the PbC monolayer, since the adsorption energy (chemisorption degree) goes from 209 

meV (98.5%) for Cs until 99 meV (26%) for K, respectively, the other adatoms having intermediate 

adsorption energies. With the posterior consecutive addition of H2 molecules, some adatoms lead to 

better adsorption capacities, like K in which, for example, the 3rd H2 molecule has Δ𝐸 = 114 meV and 

𝐷chem = 42%.  

CONCLUSIONS 
Although the alkali-metals-containing PbC could not accomplish the United States’ Department of Energy 

requirements for low gravimetric fractions, theoretical calculations demonstrate its possible use in the efficient 

H2 storing.  
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The polyepoxide matrices are a class of polymers with suitable characteristics for 

structural and adhesive materials, showing also excellent chemical resistance. In order to 

reduce the ecological footprint of these materials, it is mandatory to replace petroleum-

based resins with bio-based ones. In addition, these materials can be tailored to be applied 

by printing technologies with low temperature curing, further reducing environmental 

impact.   

These sustainable epoxies can be tailored into multifunctional materials for advanced 

devices, combining their excellent mechanical properties with piezoresistive and 

thermoresistive sensing properties and adding conductive fillers. Carbonaceous materials 

present a large electrical conductivity, leading to a low percolation threshold in polymer 

composites. Thus, lightweight composites with mechanical and thermal sensitivity can be 

developed for high-performance systems, such as adhesive sensors for structural health 

monitoring and coating applications.  

Petroleum (Araldite AW106 and AV 4076 from Huntsman) and bio-based (SR 

GreenPoxy 56 from GreenPoxy with 51% biobased carbons) resins were developed using 

carbon black, graphene, and carbon nanotubes as reinforcing materials, with a focus on 

sensing applications in the scope of Industry 4.0 and the Internet of Things (IoT) concepts. 

The effect of filler content on the mechanical and electrical properties of the different 

resins was evaluated for composites produced by screen-printing technique, together with 

their sensing properties. Bending sensing response (up to 5 mm bending) and 

thermoresistive behavior (up to 90 ºC) were evaluated. Both sensing characteristics 

demonstrate excellent sensibility and linearity between the applied stimuli and the 

electrical resistance response. An adhesive sensor has also been used to monitor the 



temperature and bending state of structures using carbon and glass fibers as structural 

materials.  
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INTRODUCTION 

Metal-organic frameworks (MOFs) have proven to be suitable materials for CO2 electrochemical reduction 

reaction (CO2RR), however, the synthetic method is key for an enhanced electrocatalytic activity. In this work, we 

synthesized two zinc-based MOFs from 2,5-dihydroxyterephthalic acid and citric acid, respectively. The synthetic 

methods were muffle-assisted method and microwave-assisted method, both of them solvothermal-assisted 

methods. 

EXPERIMENTAL/THEORETICAL STUDY 

X-ray diffraction (XRD) analysis was conducted in order to elucidate the crystalline structure of each material, 

according to its synthetic method. Electrochemical impedance spectroscopy (EIS) studies were conducted after 

cyclic voltammetry (not shown here) in order to check out the resistive behaviour in CO2-saturated 0.1 M KOH 

electrolyte.  

RESULTS AND DISCUSSION 

The X-ray diffraction patterns displayed in Fig. 1 a,b) show that both MOFs have the same diffraction angle peaks 

but with different intensities, according to the synthetic method. On the other hand, both microwave-assisted 

MOFs displayed a shorter semicircle in CO2-saturated electrolyte (Fig. 1d,f) than in muffle-assisted method, 

which indicates a less resistive behaviour for the electron transfer process1.  

 

 
 

 

Fig. 1 Left: XRD patterns of the MOFs. a) Citric acid MOF, b) 2,5-dihydroxyterephthalic acid MOF. Right: Nyquist plots in 

N2- and CO2-saturated electrolyte c,d) 2,5-dihydroxyterephthalic acid MOF and e),f) citric acid MOF. 

CONCLUSION 

The microwave-assisted crystalline MOFs displayed an enhanced electrocatalytic activity during CO2 electroreduction 

process than the muffle-assisted counterparts.  
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INTRODUCTION 

Hydrogen is one of the most interesting energy vectors due to its high energy density and the possibility to be 

produced by water electrocatalysis. Nevertheless, the most efficient electrocatalysts are platinum group metals 

(PGM) which are a big deterrent towards large-scale production and broad implementation due to their scarcity and 

economic cost. Ni-W alloys are a good alternative for three different facts. First and foremost, Ni is a common and 

cheap metal with high activity towards the hydrogen evolution reaction (HER)1, and by addition of W we can 

increase the corrosion resistance and mechanical strength of the alloy. Finally, W acts as a catalyst activator towards 

HER. Our study presents a machine learning (ML) approach trained by experimentally obtained data, such as onset 

potential and Tafel slopes in order to predict optimized synthesis parameters with the goal to enhance the 

performance of Ni-W alloys towards HER in acidic media in terms of activity and durability. 

EXPERIMENTAL/THEORETICAL STUDY 

Ni-W alloy thin films are synthesized by electrodeposition from aqueous media from a gluconate-containing 

electrolyte. XRD, SEM and EDX were performed to characterize the samples. 

The electrochemical activity at HER was tested in 0.5 M H2SO4 by 200 cycles of linear sweep voltammetry. Long-

term stability tests were performed by chronopotentiometry for 7 days at a current density of j = −10 mA/cm2.  

RESULTS AND DISCUSSION 

Electrodeposited at different current densities and varying 

temperatures, the W content of all Ni-W films remains 

constant at 12 at%. A strong variation in morphology can be 

observed due to the change in the deposition parameters 

(Fig. 1). The highest electrochemical surface area (ECSA) 

was obtained for deposits plated at 50 ºC and j = −4.8 

mA/cm2, also yielding the lowest overpotential and Tafel 

slope. After training of the ML model with the initial set of 

data, the parameters proposed by the ML algorithm (−9 

mA/cm2 at 62 ºC) led to an improved Tafel slope of 209 

mV/dec (45 mV/dec after 200 cycles) and an overpotential to 

reach −10 mA/cm2 (η10) of 284 mV (106 mV after 200 

cycles). 
CONCLUSION 

The implementation of a ML model enabled the prediction of 

optimized electrodeposition parameters for Ni-W thin films 

with significantly enhanced electrocatalytic activity towards HER and improved long-term stability over 7 days in 

acidic media.  
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Fig. 1 SEM images of the Ni-W films electrodeposited 

at a fixed current density of j = −4.8 mA/cm2 at (a) 25 

°C and (b) 50 °C.  
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ABSTRACT 

The thermal and electromagnetic isolation (DC to GHz range) are primary issues for space-based instrumentation 

and, consequently, the success of the whole space mission. This simultaneous isolation becomes critical in 

extremely sensitive devices as Transition Edge Sensors[1]. These type of sensors will be included in the X-IFU 

instrument, (ATHENA mission) that will be the next European Space Agency’s space X-Ray telescope[2]. 

Engineered nanostructured materials may be appropriate and offer tailored responses and better performances 

than single-phase/component materials. However, these nanostructures must withstand harsh environments, e.g. 

ultrahigh vacuum and cryogenic temperatures. In addition, the synthesis of these nanostructures must be scalable 

to be applicable on macroscopic (m2) areas. 

In this contribution, we will focus on the synthesized and 

characterized nanostructures that we propose to be included in 

future ground and space cryostats. We have applied two parallel 

synthesis approaches: 

The first one bases on nanocomposite flexible films composed of 

Polyether-ether-ketone matrix filled with TiO2 nanotubes, FeNi [3,4] 

thin films and Au/Co nanocolumns/nanoparticles (Nc/Np)[5,6] 

(Nanostine SL). The second one uses self-ordered three-dimensional 

(3D) nanonetworks of nanowires and TiO2 nanotubes[7] obtained by 

electrochemical routes on aluminum and titanium[3].Each type of 

functional nanostructures exhibit pros and cons that will be analyzed 

and compared. PEEK-based nanocomposites are suitable for 

integration into additively manufactured PEEK structures, while 3D 

nanonetworks could be implemented as conformal coatings on 

aluminum or titanium parts. We will discuss their possible optimal 

application in future space cryostats. 

 
Fig. 1 a) PEEK-TiO2 nanocomposites b). Nanostructured FeNi surface c) 3D nanonetwork d) Nc/Np 
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Abstract 

Silicon nanowires (SiNWs) are garnering attention for potential in future photovoltaic 

technology. The notable features outperform conventional bulk silicon, including a large surface area, 

anti-reflective properties, and shorter carrier transportation paths. However, a key challenge lies in the 

fabrication and doping of SiNWs for p-n junction in SiNW-based photovoltaics. The work employs 

cost-effective pre-optimized metal-assisted chemical etching (MACE) parameters for p-type SiNW 

array fabrication and spin-on-doping with P2O5 as the P-source by phosphosilicate glass (PSG) layer 

formation to form an n-type emitter. A Teflon-lined stainless-steel MACE setup was used for the SiNW 

array fabrication to avoid the unwanted SiNW formation on the rear side of the Si substrate. The 

annealing temperature was optimized considering the doping diffusion depth and the oxidation layer on 

the inner surface of the nanopores of the SiNW tips. Annealing above 900 ºC causes oxidation on SiNW 

tips, leading to tip dissolution during PSG layer removal, shortening SiNW length, and widening of the 

bandgap. The increase in annealing temperature dissolves the surface phosphorus clusters, improving 

the doping uniformity with increased doping depth. The optimized annealing temperature (900 ºC) 

results in a bandgap of 1.57 eV, with a 42.6% improvement in ultimate efficiency. With the fabrication 

modification and annealing temperature optimization, the power conversion efficiency and fill factor 

improved by 33.7% and 37.6%, respectively, primarily due to increased shunt resistance. 
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Abstract  

Ceramic Li6.55Al0.2La3Zr2O12 (LLZO) is one of the most attractive electrolyte materials for solid-state 
batteries that combined with metallic Li anodes holds the promise for safer and more energetically dense 
battery, but its performance is limited by the increases in electrolyte-electrode interfacial resistances 
upon cycling. The combination of Li+-conducting ceramics and polymers offers a new pathway to create 
better electrolytes with both high ionic conductivity and good (electro)mechanical interfacial properties. 
We optimized two-step annealing processing conditions for the fabrication of cubic-LLZO nanofibers and 
Li2CO3 removal. Using industrially relevant roll-to-roll electrospinning and slot-die coating, we fabricated 
thin composite membranes with reproducible thickness down to 20 microns. We investigated PEO based 
composite polymer electrolyte (CPE) with a high, 50 wt% loading of Al-doped LLZO nanofibers in 
comparison with nanofiber-free PEO electrolyte. XPS measurements show that LLZO is not present at the 
composite electrolyte surface, and solid electrolyte interphase (SEI) formation is dictated solely by PEO 
and LiTFSI when reacting with Li metal. Electrochemical SEI formation, studied by cyclic voltammetry, 
shows SEI formation is identical with and without up to 75 wt% LLZO in the electrolyte. Galvanostatic 
cycling with lithium symmetric cells shows that the critical current density (CCD) can be tripled by including 
50 wt% LLZO, but half cell cycling reveals this comes at the cost of CE. Varying the LLZO loading shows that 
even a small amount of LLZO drastically lowers the CE, from 88% at 0 wt% LLZO to 77% at just 2 wt% LLZO. 
Mesoscale modelling reveals that the increase in CCD cannot be explained by an increase in the 
macroscopic or microscopic stiffness of the electrolyte; only the microstructure of the LLZO nanofibers in 
the PEO-LiTFSI matrix slows dendrite growth by presenting physical barriers that the dendrites must push 
or grow around. This tortuous lithium growth mechanism around the LLZO is corroborated with mass 
spectrometry imaging. Electrochemical impedance spectroscopy (EIS) analysis showed comparable bulk 
ionic and interfacial resistances with and without nanofibers, indicating that PEO dominates Li+ transport 
and interfacial chemistry. The total Li-ion conductivity of the composite is still governed by the polymer 
matrix due to high interfacial resistance between the garnet particles and the PEO/LiTFSI matrix. This work 
highlights important elements to consider in the design of CPEs for high-efficiency lithium metal batteries. 
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INTRODUCTION 

Addressing global water pollution, this study investigates the optimal thermal reduction of graphene oxide (GO) 

to synthesize reduced graphene oxide (rGO) and its integration with TiO2 nanoparticles to form rGO-TiO2 

nanocomposites for sunlight-driven water purification. The process leverages in situ thermal reduction within a 

nitrogen atmosphere, with 240 °C identified as the optimal reduction temperature through thermogravimetric 

analysis (TGA) and differential scanning calorimetry (DSC)1,2. 

EXPERIMENTAL/THEORETICAL STUDY 

Synthesis involved the careful thermal reduction of GO, followed by the combination with TiO2 nanoparticles. 

Characterization through Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), and scanning electron 

microscopy (SEM) confirmed the effective removal of oxygen-containing functional groups and the restoration of 

the graphene-like structure. 

RESULTS AND DISCUSSION 

The rGO-TiO2 nanocomposites demonstrated enhanced photocatalytic efficiency in sunlight-driven degradation of 

methylene blue, outperforming pure TiO2 due to their improved structural and optical characteristics. Such 

advancements highlight the role of these nanocomposites in sustainable water treatment, underscoring the utility 

of solar energy for environmental clean-up. The observed improvement is credited to the ideal thermal reduction 

conditions for GO that led to the reestablishment of the graphene-like configuration in rGO, thus elevating the 

photocatalytic performance of the nanocomposites3,4. 
Fig. 2 (a) The Raman spectra of the GO powder and the 

rGO powder. (b and c) SEM images of GO powder and 

the rGO powder. (d-f) The XPS spectra of the GO powder 

and the reduced GO powder. (d) The XPS survey spectra 

show the presence of carbon and oxygen elements. The 

high-resolution C1s (e) and O 1s (f) spectra provide 

information on the chemical composition and electronic 

structure of the materials. The rGO was obtained from in 

situ thermal reduction by TGA at 240 °C under a nitrogen 

environment.  
Fig. 1 Illustrates the thermal reduction of GO at 240 °C in a nitrogen atmosphere, emphasizing the removal of oxygen groups 

and the transformation into rGO. This figure provides a visual summary of the reduction process, underlining the  

methodology of the study.  

 
CONCLUSION 

This research underscores the importance of optimized thermal reduction of GO for the development of efficient 

photocatalytic materials. The rGO-TiO2 nanocomposites represent a significant advance in harnessing sunlight for water 

purification, contributing to the field of sustainable environmental technologies.  
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Multi-component glasses with compositions x(La2O3)•(1-x)Dy2O3•10Bi2O3•30LiF•60B2O3 

(where La2O3= Eu2O3, Sm2O3) were synthesized via melt-quench technique to explore their 

application as LED material. X-ray diffraction profile of all the prepared compositions, 

confirmed the short-range order and amorphous nature of prepared samples. Their 

luminescent properties were studied and compared via UV-Vis-NIR and 

Photoluminescence studies. From UV-Vis-NIR spectroscopy the obtained direct optical 

band gap (Eg) values suggest semiconducting nature of prepared samples. Low values of 

Urbach energy indicated the presence of a smaller number of disorders and defects in the 

matrix. The nephelauxetic effect revealed the nature of RE-O bond in the matrix i.e., either 

covalent or ionic. Photoluminescence excitation and emission spectra were studied for both 

RE ions co-doped in the glass matrix for a variety of excitation wavelengths. The obtained 

colour parameters like CIE coordinates, CCT, CP% and CRI and Y/B Ratio were correlated 

with standard white light parameters. CIE coordinates of composition DELBB (x = 0.2) 

excited at wavelength 380 nm found to be (0.329, 0.342), lies closest to white light 

coordinates (0.333, 0.333). It has low colour purity (1.8%), high colour rendering index 

(58) and Y/B ratio is approaching one (1.08) which is the prime requirement.  

  

Fig.1 (a) PL spectra of Dy3+ and Eu3+ co-doped lithium bismuth borate glasses for 

excitation wavelength 380nm (b) Chromaticity Diagram of glass composition 

DELBB(x=0.2) excited at different excitation wavelengths 

This composition is suitable for Cool WLEDs application as its CCT was evaluated as 

5667K which lies in cool white region. In present work, it was observed that as an effect of 

co-doping of RE ions, emission colour can be tuned from cool white to neutral white and 

warm white region by varying excitation wavelengths. Thus, the prepared glasses are 

potential colour tuneable luminescent materials. 

1. J Dahiya, A Hooda, A Agarwal, S Khasa, Optical Materials, 134,113162, 20 
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INTRODUCTION 

The depletion of fossil fuels and the urgent need to address climate change has significantly increased the importance of 

hydrogen energy. One of the most notable advancements in hydrogen technology is the development of Proton Exchange 

Membrane (PEM) fuel cells, which have gained commercial availability in the market. These membranes are composed of 

fluorine-containing polymers based on perfluorosulfonic acid (PFSA). However, it is important to note that certain PFSAs 

pose risks as they are hazardous, persistent, and capable of bioaccumulation. In order to further advance hydrogen 

technology, it is crucial to develop PFSA-free membranes (PEMs) that are not only cost-effective but also highly efficient. In 

this research, a novel composite membrane based on Polyacrylonitrile-co-Methyl Acrylate (PAN-MA) was prepared using 

the electrospinning method. The purpose of this study was to investigate the effects of borax decahydrate and fumed silica as 

additives on the properties of the membrane. 

 
EXPERIMENTAL/THEORETICAL STUDY 

To characterize the membrane, several techniques were employed, including Electrochemical Impedance Spectroscopy (EIS), 

Thermogravimetric Analysis (TGA), and Scanning Electron Microscopy (SEM). 

 
RESULTS AND DISCUSSION 

The ionic conductivity of the composite membrane with 1% silica was measured to be 0.124 S/m at a thickness of 45 µm. 

Similarly, the ionic conductivity of the composite membrane with 1% borax decahydrate was found to be 0.145 S/m at the 

same thickness. In comparison, the PAN-MA membrane without any additives exhibited an ionic conductivity of 0.126 S/m. 

          
CONCLUSION 

Based on these results, it can be concluded that the addition of borax decahydrate as an additive in proton conductive 

membranes can enhance both ionic conductivity and thermal properties. This finding has important implications for the 

development of improved membranes for various applications in the field of proton exchange membranes and fuel cells. 
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Global water scarcity has propelled the search for innovative mitigation strategies in atmospheric water
harvesting, with Metal-Organic Frameworks (MOFs) emerging as a promising solution. However, the
detailed atomic interactions and physical principles governing the water adsorption process in MOFs
remain poorly understood. In this study, we utilize computer simulations to investigate the mechanisms of
atmospheric water harvesting through recently discovered MOFs. Our simulations reveal variations in
water uptake capacity under different humidity levels, in agreement with experimental data. A
comparative analysis of these MOFs provides molecular insights into the thermodynamic and dynamic
factors that influence the adsorption process and enable the efficient release of water upon heating.
Employing machine learning for high-throughput screening, we identify novel MOFs that outperform
those previously reported. We use Shapley Additive Explanations (SHAP) to rank the properties
contributing to higher uptake capacity. Additionally, we explore the hydrogen bond network within MOFs
using network science concepts, finding that unique network properties correlate with their water uptake
and release behaviors. Our findings highlight the essential role of unsaturated water clusters for the facile
release of water with temperature increase. This work elucidates the fundamental principles driving water
adsorption in MOFs, guiding the design of more effective materials for atmospheric water harvesting.
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INTRODUCTION 

Zeolites are a class of nanoporous materials that are used in a wide variety of scientific, technological and 

commercial applications. They hold the greatest commercial importance among all porous materials due to their 

high specific surface areas, molecular size (below 2 nm), and well-defined pore structures1,2. In conventional 

hydrothermal synthesis method, the induction period-defined as the amount of time elapsed between the 

achievement of a supersaturated solution and the observation of first crystals-is typically more than 15 hours or 

days. However, the reaction time scale of silica polymerization/depolymerization reactions is in the range of 

femtosecond/picosecond ranges3,4. This complexity arises from the challenge of analyzing more than 40 

polymerization/depolymerization reactions occurring simultaneously during this extended period. Here, we 

propose a novel ultrafast laser synthesis method for zeolites5. We argue that ultrafast (femtosecond) lasers are the 

ideal candidates because they enable fast and high-resolution spatiotemporal energy deposition within the time 

scale of silica polymerization reactions. Laser-induced flows further accelerate the induction period, thereby 

shortening the reaction time. 

EXPERIMENTAL/THEORETICAL STUDY 

Silicalite-1, hierarchical ZSM-5, and Zeolite A zeolites (MFI and LTA framework types) were synthesized using 

an ultrafast laser with specifications of λ = 1040 nm, repetition rate: 300 fs, 9W Spectra Physics laser. 

Comprehensive characterizations were carried out using SEM, SEM-EDS, XRD, HR-TEM, SAED, TGA-DTA, 

BET, and ATR-FTIR analyses techniques. The results were compared with the zeolites synthesized via 

conventional hydrothermal synthesis method (control). 

RESULTS AND DISCUSSION 

The transparent precursor suspension ensures that multiphoton absorption occurs at 1040 nm wavelength (Fig. 1). 

Thanks to the steep thermal gradient and surface tension, laser induced flows are formed in the precursor 

suspension. Morphology and crystallinity of the zeolite crystals were characterized.   

 
Fig. 1 Schematic of ultrafast laser zeolite synthesis set-up, and SEM and XRD images of the TPA-Silicalite-1 zeolites 

synthesized via ultrafast laser method.  

CONCLUSION 

By using ultrafast laser zeolite synthesis method, comparable crystallinity (>90%), product yield (wt.%), stability, 

and reproducibility, in addition to superior homogeneity and uniformity, were achieved compared to those 

synthesized using conventional hydrothermal method.  
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INTRODUCTION 

Solar energy is a sustainable, clean, and cost-effective source of energy. Amongst the different types of photovoltaic 

modules, thin-film technology is considered to be the second generation. When it comes to selecting the most cost-

efficient and stable thin-film technologies, Cadmium Telluride (CdTe) and Cu(In,Ga)(S,Se)2 or (CIGS) are 

considered to have the most potential. Thin-film technology based on the CIGS compound, is one of the most 

promising technologies with a band gap that can be adjusted from around 1.0 eV (CIS) to around 2.4 eV (CGS)1. 

In this article, we discuss the techniques we have implemented to produce high-quality films that are compact, have 

large grains, high crystallinity, and minimal defects. To achieve this, we explore various solutions such as 

establishing the optimum precursor order, introducing thin metal oxide interlayers, and doping alkaline impurity.  

EXPERIMENTAL STUDY 

The absorber precursors are deposited by the sputtering deposition technique in an in-house setup. The absorber 

precursors are then annealed in one of two ways, either within the deposition chamber or by Rapid Thermal Process 

(RTP). The absorber is then analyzed by a variety of techniques such as SEM-EDX for morphology and composition 

analysis, XRD for crystallinity studies, and GDOES for depth elemental composition analysis and band gap profile 

calculation2.  

RESULTS AND DISCUSSION 

We have found that the commonly accepted bi-layer precursor approach for creating solar cell absorbers 

(Mo/CuGa/In or Mo/In/CuGa) may not be the best option. We discovered that using CuGa in contact with 

Molybdenum resulted in poorly performing cells, despite the CIGS layers being highly compact. In contrast, using 

Indium in contact with Molybdenum led to poor adhesion between CIGS and Mo due to void formation, resulting 

in rough surfaces. However, the cells made from the latter absorbers were significantly more efficient. 

We found that there is a noticeable difference in the morphology of the absorber depending on whether it is annealed 

within the deposition chamber or with RTP. We observed that the absorber was much more compact when annealed 

with RTP as compared to annealing within the chamber. However, this method had the drawback of significantly 

increasing the chances of substrate warping or absorber damage. 

We also attempted to improve the absorber effectiveness by doping with alkali metal through NaF or KF evaporation 

on the CIGS surface, but the results have been limited so far. On average, we observed a nominal improvement of 

only 1-2% between absorbers that had been treated with alkali metal and those that were not. 

To analyze the depth elemental composition, we used GDOES and found that the Ga accumulation at the back of 

the absorber resulted in an increasing bandgap profile toward the back of the absorber. 

CONCLUSION 

We report here the results of our endeavor to develop high-quality, compact, and highly crystalline absorbers for 

CIGS solar cells. 
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INTRODUCTION
Storing energy in an optimal way is one of the most important problems nowadays. The synthesis of materials with improved
dielectric  properties  is  of  great  importance  because  of  the  possibility  of  their  application  as  resistive  sensors  and  as
components of energy storage devices.

EXPERIMENTAL/THEORETICAL STUDY
The samples in the system Bi2O3-TiO2-SiO2-Nd2O3 was carried out by the method of supercooled melt with a cooling rate of
102 K/s in two stage: with temperatures  respectively at 1150 °C and 1450 °C and rapid cooling to room temperature. For
characterization of the resulting materials are used the following equipment: X-ray phase analysis XRD - TUR M62, Cu-Kα.,

RESULTS AND DISCUSSION
Electrical  impedance  measurements  of  selected  glass-ceramics  make  it  possible  to  estimate  conductivity  and  dielectric
constants over a wide temperature range from room temperature to 300 °C, for frequencies from 100 Hz to 100 kHz. The
impedance and phase angle values determined for the investigated ranges are of the order of 108 Ohm and -90°, respectively.
CONCLUSION
Changing the starting composition of the oxide mixture allows control of the dielectric properties, such as dielectric constant
and dielectric loss, and also the resulting samples have a wide range of Curie temperatures. The classical method of synthesis
gives reason to obtain new dielectric materials that meet all environmental norms (using ecological raw materials) and with
reduced production costs. 
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INTRODUCTION 
This study aims to develop aluminum alloys for anodes in metal-air batteries. Scientists have delved into 
methodologies like severe plastic deformation (SPD)1-3, including equal channel angular pressing (ECAP), to 
refine the microstructure through plastic deformation4-5. This refinement has been demonstrated to improve 
electrochemical activity4,6. An increase in grain boundaries from grain refinement enhances the electrochemical 
activities of Al-Zn-In anodes, rendering them well-suited for application in aluminum-air batteries4. Furthermore, 
friction stir process (FSP) has emerged as a compelling conventional approach for microstructure refinement and 
the development of aluminum anodes for metal-air batteries6-9. The process can refine the grain structure by up to 
90%7, eliminate defects, and enhance material properties, such as improving corrosion resistance7,9. 

EXPERIMENTAL/THEORETICAL STUDY 
This study explores the properties of ultrafine-grained aluminum alloy (UFG-Al) manufactured via the friction 
stir process, with the objective of optimizing its suitability as an anode material for metal-air batteries. The 
aluminum alloy underwent the friction stir process utilizing hexagonal pins in order to achieve grain refinement. 
Following this, heat treatment was applied at different temperatures and durations. Microstructural analysis, 
employing electron backscatter diffraction, was conducted to assess crystal orientation and material texture. 
Corrosion behavior was studied through self-corrosion tests, hydrogen evolution measurements, and 
electrochemical polarization tests. Battery performance tests were used to assess discharge behavior. 
 
RESULTS AND DISCUSSION 
The results indicate that aluminum alloy with an ultrafine-grained structure, manufactured through friction 
stirring, exhibits significant promise as a potential anode material for metal-air batteries in energy storage devices. 
It is possible to manipulate the heat treatment parameters, as well as the crystal orientation and texture of the 
alloy. 
 
CONCLUSION 
This research underscores the viability of utilizing ultrafine-grained aluminum alloys, produced through friction 
stir processing, as effective anode materials in metal-air battery applications. 
 
REFERENCES 
1. A.V. Volokitin et al, University of Tehran, 84–98 (2023) 
2. I. Sabirov et al, Mat. Sci. Eng. A. 560, 1–24 (2013) 
3. L. Fan et al, J. Power. Sources. 284, 409–415 (2015) 
4. S. Linjee et al, Energy. Reports. 8, 5117–5128 (2022) 
5. L Fan et al, J. Power. Sources. 299,66–69 (2015) 
6. L. Zhang et al, J Power Sources. 589, 233752 (2024) 
7. K. Surekha et al, Surf. Coat. Technol. 202, 4057–4068 (2008) 
8. D.F. Li et al, J. Mater. Res. Technol. 18, 1763–1771 (2022) 
9. X. Zheng et al, Electrochim. Acta. 354, 136635 (2020) 
 
ACKNOWLEDGMENTS 
The authors would like to thank Center of Excellence in Materials Science and Technology, and Fundamental 
Fund 2024. The authors acknowledge the facilities and the scientific of Chiang Mai University. This research has 
received funding from the NSRF via the Program Management Unit for Human Resources & Institutional 
Development, Research and Innovation [grant number B13F660056] 



 

 

Development of tubular carbon membrane for gas separation using kaolin support 

Thaís Neves
1*

, João Franco
1
, Nilson Marcilio

1
, Isabel Tessaro

1 
 

1
Department of Chemical Engineering, Federal University of Rio Grande do Sul, Brazil, 

thais.tneves@gmail.com* 
INTRODUCTION 
Gas separation processes using membranes have attracted attention in recent years due to lower energy demand 

compared to conventional processes such as distillation. Carbon membranes (CM) in supported configuration 

exhibit high chemical, thermal, and mechanical stability, along with molecular-sized pores capable of promoting 
the separation of gases such as CO2 and CH4. The properties of the supports used in the preparation of CM, such 

as pore size and roughness, have a significant influence on the uniformity of the selective membrane layers. 

Alumina tubular supports are the most commonly used for CM preparation
1
. However, these materials come with 

high costs, requiring the exploration of alternative supports. Kaolin is an abundant natural ore that can be utilized 

in the manufacturing of ceramic materials
2
. Therefore, the innovation in this work lies in the development of 

carbon membranes on low-cost tubular supports manufactured from kaolin for CM application. 

EXPERIMENTAL/THEORETICAL STUDY 
Kaolin tubular supports were obtained from Refratarios Cumbica company (Brazil). The CMs were prepared 

through three coating steps of the tubes with a polymeric solution formed by the mixture of polyetherimide (PEI) 

and polysulfone (PES). The first coating was carried out using the vacuum method, in which the support was 
connected to a vacuum system and immersed in a solution with a concentration of 18% wt. The second and third 

coatings were performed by dip-coating, with a solution of PEI-PES 14% wt. Pyrolysis at 700 °C was carried out 

between each coating step. Gas permeation tests were conducted with pure gases in a stainless steel tubular 

permeation module, with a length of 13.5 cm. Volumetric permeate flow rate measurements were performed using 
a flowmeter (Agilent). 

RESULTS AND DISCUSSION 

  
 

 

 

 

 

Fig. 1 SEM image of kaolin ceramic tube (a) and photographs of tubular support and tubular CM (b). 

Figure 1a shows the scanning electron microscopy (SEM) image of the kaolin tubular support. The plate-like 

morphology of the particles is characteristic of the kaolinite phase
3
. Figure 1b displays images of kaolin support 

and the carbon membrane formed over the tubular structure, through the pyrolysis precursor polymer layer 

deposited over the kaolin tube. Despite CH4 having a larger kinetic diameter than CO2, according the permeation 

testes, the membrane permeance to CH4 was 4418 Barrer, whereas for CO2, it was 2503 Barrer. The higher 
permeance to CH4 is associated with the entropic factor, i.e., CH4 exhibits a structure with greater vibrational and 

rotational mobility compared to CO2
4
. Replications (triplicates) demonstrated similar results. This membrane 

exhibits higher permeability to CH4 and a CH4/CO2 separation factor of 2. Similar selectivity to CH4/CO2 was 
found in the literature

5
. 

CONCLUSION 

This work demonstrated the feasibility of preparing carbon membranes over low-cost supports. The membranes 

showed potential for gas separation, with higher permeance for CH4, which may be attributed to an entropic 
contribution in the permeation of methane. Other membranes are currently being prepared with a higher 

concentration of the precursor polymeric solution in order to achieve higher separation factors. 
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INTRODUCTION 

Carbon Membranes (CM) are comprised of promising materials for application in gas separation processes, given 

their lower energy demand compared to conventional methods such as distillation. Furthermore, these membranes 

demonstrate potential to separate gas species with similar dimensions, such as CO2/CH4. CMs are typically 
prepared over commercial alumina ceramic supports

1
. Alternatively, supports can be obtained from low-cost 

materials. Kaolin (K) is a natural ore with refractory properties, primarily composed of SiO2 and Al2O3
2
, while 

rice husk ash (RHA) is an agro-industrial residue containing high SiO2 content
3
. The combination of these 

materials is a cost-effective alternative for the preparation of ceramic supports. The innovation in this study is the 

development of low-cost ceramic supports using K and RHA for CM applications.  

EXPERIMENTAL/THEORETICAL STUDY 

Flat supports were prepared with different proportions of  K and RHA, ranging from 10 to 50% wt., using the dry 
pressing technique. The materials were sintered with a heating rate of 5°C/min up to a temperature of 1400°C for 

2 hours. The developed ceramic supports, with a 34 mm diameter, were coated with an 18% wt. polymeric 

solution of a polyetherimide and polysulfone polymer blend using the spin coating technique, followed by solvent 
evaporation. The supported polymeric membranes were subjected to pyrolysis at 700°C with a heating rate of 

3°C/min. The carbon membranes prepared on the flat supports will be tested in the pure gas permeation process 

for CO2 and CH4. 

RESULTS AND DISCUSSION 

Figure 1a presents the diffractogram of K sintered at 1400°C, showing characteristic peaks of the mullite phase. 

According to the SEM image, mullite exhibits needle-like particle morphology
4
. In Figure 1b, the SEM image of 

RHA calcined at 1400°C reveals the presence of cristobalite, quartz, and tridymite phases
5
. The particles of RHA 

exhibit a spherical morphology with some irregularities. Figure 1c includes photographs of a flat support 

composed of K and 20% wt. RHA (S), a photograph of the support coated with a polymeric solution (PM), and 

the resulting CM after pyrolysis. It was possible to coat the flat supports with the polymeric solution, which 
remained on the surface of the supports, i.e., there was no intrusion into the support structure. This favors the 

formation of carbon membranes on alternative supports. 

 

 

 

 

 

 
Fig. 1 Characterization of raw-materials (a) kaolin, (b) rice husk ash and (c) photographs of support (S), precursor membrane 

(PM) and carbon membrane (CM) 

CONCLUSION 

It was possible to prepare low-cost supports from K and RHA. The study introduces the potential to fabricate 

cost-effective supports for application in CM development. The carbon membranes are currently undergoing 

evaluation in the gas permeation process. 
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INTRODUCTION 

In this work we developed a cost-effective new fabrication method for highly efficient nanostructured 

Raney-Nickel electrode for alkaline water electrolysis (AWE) during the hydrogen evolution reaction 

(HER).1 Further testing shows suitable application in the anion exchange membrane water electrolysis 

(AEMWE).2 

 
EXPERIMENTAL/THEORETICAL STUDY 

The electrodes were prepared via mechanical plating of aluminium on a nickel sheet and thermal treatment 

under various atmospheres to achieve leachable NiAl-phases such as Ni2Al3 and NiAl3.
1,2 The 

electrochemical performance and surface area (ECSA) was determined with cyclic voltammetry (CV) and 

chronopotentiometry (CP) in a three-electrode and full cell setup. Electrochemical impedance 

spectroscopy (EIS), BET-analysis, REM-imaging and EDX-mapping were used to quantitively and 

qualitatively analyze the internal resistances, surface area and electrode degradation during electrolysis.2 
 

RESULTS AND DISCUSSION 

Current densities up to 1 A/cm² show low overpotentials of 150 – 220 mV at 100 mA/cm² at the cathode 

with Tafel slopes from 50 to 70 mV/dec. The “carpet-like” structure of the electrode leads to increased 

surface area of up to 10.9 m²/g of the Nickel catalyst and allows gas desorption and transport of hydrogen 

(and oxygen) without blocking inner pore structures of the electrode3. Long-term measurements at 1.2 to 

1.8 V over 1-2 days in a full cell setup were used to study the degradation and confirm stability of the 

fabricated electrodes.4 

Fig. 1 SEM image of the nanostructured Raney-Nickel electrode via mechanical plating 

Fig. 2 CV-curve of the fabricated Raney-Nickel electrodes during HER in 32 wt.-% KOH. 

 

CONCLUSION 

With its nanostructure and high electrocatalytically active surface area of the electrodes, this works shows 

a simple and cost-effective way to produce high-performing Raney-Nickel electrodes. 
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Abstract: In recent years, there has been a huge interest in the CO2 reduction reaction 
(CO2RR) for the production of value-added raw materials in gas or liquid form. However, 
CO2 fixation into nanoparticle systems has not yet been demonstrated. This research 
presents a novel approach to synthesize functional nanomaterial in colloidal form by CO2 
fixation through laser synthesis and processing of colloids (LSPC) in water [1]. These 
methods are historically considered as green-approaches, yielding ligand-free 
nanoparticles with no by-products. Our results show that carbon monoxide rich gold 
nanoparticles are observed after synthesis even in deionized water, while an alkaline 
water environment leads to C2 and C3 coupling, producing carboxylic acids as a typical 
fingerprint of the CO2RR. Selective C2 coupling is observed during laser processing of 
pre-existing gold colloids, while pulsed laser ablation of a gold target results in both C2 
and C3 coupling to lactic acid. Remarkably, under certain conditions, photoluminescent 
organometallic nanocomposites are synthesized in the blue spectral region with a 
quantum yield of about 20% [2]. These findings open new paths to be explored in 
energetics, photonics, catalysis, and synthesis of functional nanomaterials at the 
nanoscale. 
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INTRODUCTION 

Among positive electrode materials for lithium-ion batteries, Ni-rich ternary NCM (LiNi0.5Co0.2Mn0.3O2, 

LNCM) is drawing attention due to its high theoretical capacity (280mAh/g) and structural stability. However, 
there are still remained some issues which including non-uniformity in the metal composition of nickel, 

manganese, and cobalt, as well as significant effects of strain and cracking of the composite oxide during charge 

and discharge cycles. In this study, we investigated the effects of addition of fluorinated ZrO2 in the preparation 

of LNCM on the sintering and electrochemical properties 1). Especially the surface fluorination 2) of ZrO2 
particles can play a role to prevent aggregation between ZrO2 particles, and it can enhance the effects of ZrO2 

addition.  

 

EXPERIMENTAL/THEORETICAL STUDY 

The surface fluorination of ZrO2 (2µm) was conducted using fluorine gas under conditions of 25℃, 13.3 

kPa,20.0 kPa for 10 min. To produce the LiNi0.5Co0.2Mn0.3O₂ active material, Ni0.5Co0.2Mn0.3(OH)2 and Li2CO3 

were mixed in a rotating and revolving mixer at a molar ratio of 2:1.05, followed by calcination in an electric 

furnace at 730℃ for 5 hours. After the primary calcination, ZrO2 was added and mixed, and subjected to 

secondary calcination in an electric furnace at 900℃ for 8 hours. The active material (LiNi0.5Co0.2Mn0.3O2), 

acetylene black, and PVDF were kneaded in a mass ratio of 8:1:1, and the mixtures were coated onto an 
aluminum foil. It was used as a positive electrode. Lithium metal foil was used as the counter electrode, and a 

battery was assembled. Charge and discharge tests were conducted using this setup. 

 

RESULTS AND DISCUSSION 

The results (Fig. 1) of discharge capacities of each sample showed an increase in discharge capacity for samples 

with a fluorinated ZrO2 addition. Especially Particularly the NCM sample containing ZrO2 fluorinated with 13.3 

kPa exhibited the superior discharge capacity. In this presentation, we will report on the results of the X-ray 
diffraction (XRD), field-emission scanning electron microscopy (FE-SEM), and X-ray photoelectron 

spectroscopy (XPS) analyses of each sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

The addition of fluorinated ZrO2 resulted in improvements in discharge capacity and cycle performance of 

LNCM cathode. And the fine control of surface fluorination can especially affect the sintering and 

electrochemical properties of cathode materials.  
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Introduction: 

Carbon dots (CDs) are a newly emerged nanomaterial that has unique luminescent property and 

their composite materials have become promising luminescent materials in a variety of applications1. 

This work describes a composite material that has a potential as white light emitting material for solid 

state lighting application. 

Experimental: 

This work uses a bottom-up procedure, for the synthesis of carbon dots, and a physical blending 

method is used for the preparation of composite material2. The polyvinyl pyrrolidone polymer matrix 

serves a dual purpose- surface passivation and binder.  

Results and Discussion: 

The effect of the concentration of carbon dots on the luminescent properties of composite 

material is discussed. In addition, we investigate charge transfer, energy transfer, and surface plasmon 

resonance impacts of the composite matrix on the luminescence of carbon dots. The composite thus 

formed has been applied on the UV LED chip that emits UV light of 365 nm wavelength. The white 

emission can be attributed to the charge transfer from the PVP matrix to the luminescence center of 

carbon dots.   

Conclusion: 

 In conclusion, the carbon dots and their composite can be used in the luminescence field as a 

WLED (White Light Emitting Diode) source. It can be a novel source of white light. 

Keywords: carbon dots, polymer, composites, WLED 
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INTRODUCTION 
The European goal of achieving decarbonization by 20501, coupled with the increasing global demand for energy 
and the impact of climate change, is propelling a shift from fossil fuels to cleaner alternatives. Hydrogen is 
recognized as a key element in this global transformation of the energy system, but the effective, economical, and 
safe storage of hydrogen presents a formidable challenge. Additional contributions can be made through processes 
involving carbon dioxide capture and storage, as well as the utilization of bio-methane. As a result, there is a 
growing interest in gas adsorption within porous materials, such as activated carbons, which are particularly 
advantageous due to their cost-effectiveness and efficiency. The characteristics of these activated carbons are 
highly contingent on factors such as the raw material, the pyrolysis process, the activation method (whether 
chemical or physical), and parameters like temperature and activation time2. This research endeavors to 
investigate and compare various novel methods for preparing activated carbons derived from biomass. The goal is 
to optimize their gas storage properties, with a specific emphasis on enhancing hydrogen adsorption performance. 
It has been observed that micropores (with a pore width of < 2 nm), and especially ultramicropores (< 0.7 nm), 
play a crucial role in the adsorption process3. 

EXPERIMENTAL/THEORETICAL STUDY 
Various methods were employed to prepare activated carbons, including the pyrolysis of biomass in an inert 
atmosphere followed by physical or chemical activation applied to both pure biomass and pre-charred raw 
material. Additionally, an innovative preparation procedure involving a double activation (initially chemical and 
subsequently physical) was tested to enhance the porosity features of the samples. Characterization of the 
produced activated carbons was achieved through porosimetry analysis using the Brunauer-Emmett-Teller model 
(BET)4 and Non-Local Density Functional Theory (NLDFT)5, along with microscopy and spectroscopy 
techniques. The adsorption performance of gases was assessed under diverse thermodynamic conditions, and the 
experimental data were analyzed using the Toth model and other theoretical tools. 

RESULTS AND DISCUSSION 
The textural properties of the activated carbons obtained were significantly influenced by the chosen preparation 
method, resulting in remarkable values for specific surface area and an exceptionally high degree of 
microporosity. In some instances, micropores exceeded 90%, underscoring the outstanding gas storage 
performance achieved with a pronounced reversibility and reproducibility of the adsorption-desorption processes. 
CONCLUSION 
Different techniques for preparing activated carbons from biomass were formulated and evaluated. The results 
indicate that identifying the optimal procedures and parameters can enhance the porosity characteristics, leading 
to an improvement in gas adsorption capacity. 
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INTRODUCTION 

Noble metal nanoparticles (NPs) are receiving increasing attention as photocatalysts, primarily due to their 

large absorption cross-sections in the visible region, resulting from their plasmon resonances. Under resonant 

excitation, the optical cross-sections of plasmonic nanostructures can reach ∼10 times their geometric cross-

sections. As a result, a large quantity of light energy is localised near the surface of plasmonic nanostructures 

in the form of intense local electromagnetic fields [1-3].  

RESULTS AND DISCUSSION 

Here we report the room temperature water splitting on magnesium diboride (MgB2) nanostructures using 

visible and near IR light. We investigated the MgB2 nanostructures, as an alternative to the noble metals 

nanoplasmonics, to provide the plasmonic water splitting.  Note that noble-like plasmonic metals, such as Cu, 

Ag, Au, Pd and Pt typically exhibit low intrinsic activities with surface-adsorbed molecules due to their fully 

filled d bands.  Therefore, introducing nanostructures based on non-noble metals with high intrinsic activities 

presents a promising strategy to efficiently harvest the solar energy. In MgB2 nanostructures the localised 

surface plasmon resonances (LSPRs) are strongly coupled with interband excitations due to spectral overlap 

of these processes. In the our previous work we have shown that at the edges of extended surfaces of MgB2 

nanostructures can be appeared the e
–
–h+ pairs which actively involve into water splitting in the 

photoelectochemical cells (PECs) [4]. 

We engineered active plasmonic nanostructures with enhanced photocatalytic performance using non-noble 

metallic MgB2 high-temperature superconductor which can represent a new family of photocatalysts.  

Ellipsometric study of MgB2 nanostructures demonstrated that these covalent binary metals with layered 

graphite-like structures can effectively absorb visible and infrared light by excitation of multiwavelengths 

surface plasmon modes. We demonstrated that MgB2 plasmonic metal-based photocatalysts exhibit 

fundamentally different behaviour compared with semiconductors and have advantage for photovoltaics 

applications.  Excitation of LSPRs in the MgB2 nanostructures promotes to overcome the limiting factors of 

photocatalytic efficiency in the broad-band gap semiconductors due to the coupling of solar visible and 

infrared energy spectra to catalytic reactions in the form of enhanced local electromagnetic fields and 

transferring high energy carriers.  The excitation LSPRs supported by intrinsic absorption in MgB2 nanosheets 

can lead to achieve near full-solar-spectrum harvesting in this photocatalytic system.  We show conversion 

efficiency of ~10% at bias voltage Vbias = 0.3V for MgB2 working as a catalyst for plasmon-photoinduced 

seawater splitting. 

This research can also support progress in new method of fabrication cheap, stable and dense packing 

nanostructures on flexible substrates large size for the field of photocatalysis using convenient mass 

production process of mechanical rolling mill procedure.   

CONCLUSION 

Our study demonstrates effective plasmon-induced seawater splitting on MgB2 nanostructures. These 

plasmonic nanostructures consist only of metallic MgB2 nanosheets, thus, ruling out any complications 

associated with semiconductor materials and their sub-bandgap absorption. Exciting the LSPRs in MgB2 

nanostructures can offer a series of unique properties and functionalities, including spectral tuneability by 

varying the nanostructure size and shape, size selectivity, electric field enhancement to enable a boost of 

photocatalytic hydrogen generation from seawater.  
REFERENCES 

1. Y. Kim et. al, Nature Chemistry  10, 763–769 (2018). 

2. P. Christopher et. al, Nature Chemistry  3, 467–472  (2011). 

3. Z. Li et. al, Acc. Chem. Res. 54, 2477−2487 (2021). 

4. V. G. Kravets and A. N. Grigorenko, Opt. Express 23, A1651–A1663 (2015). 

 

A.N.G. and V.G.K. acknowledge support of Royce ICP Round 3 project EP/X527257/1 and Graphene Flagship program, 

Core 3 (881603). 

mailto:vasyl.kravets@manchester.ac.uk


 

 

                      

Tailored polymer nanocomposites for enhanced energy storage  

 
Venkata Ramana Eskilla 1* and M.A.Valente1 

1I3N, Department of Physics, University of Aveiro, 3810-193, Aveiro, Portugal.  

* Presenting author: ramana.venkata@ua.pt    

 
INTRODUCTION 
Amidst the growing energy demand and the potential impact of its production on global warming, advancing materials for 

energy harvesting and efficient storage is vital for sustainable progress. While batteries and supercapacitors are commonly 

utilized for this objective, their energy storage capacity is restricted by their low power density. Among current energy 

storage devices, dielectric capacitors are attractive alternatives with a stable, ultrahigh power density of the order of 108 W/kg 

and fast charge-discharge cycles, suitable for hybrid electric vehicles, wearable electronics, medical devices etc. Electroactive 

polymer nanocomposites (PNCs) of PVDF-family are attractive for light weight, flexible storage. Processing of PVDF plays 

an important role in controlling its polymorphs and breakdown. For enhanced polar phase of PVDF with higher breakdown 

we used multiferroic nanofillers and mechanical processing.  

EXPERIMENTAL/THEORETICAL STUDY 
Compression molding of solution-cast films was carried out to realize high-quality polymer nanocomposites. Ferroelectric 

nanofillers with Ba0.7Ca0.3TiO3-Co0.6Zn0.4Fe2O4 were introduced to realize magnetoelectric (ME) PNCs. X-ray diffraction and 

FTIR were used to assess crystallization of PNCs while TEM and AFM were used for dimensions and morphological studies. 

Energy storage and breakdown analysis was performed experimentally, and results were understood via simulations. 

RESULTS AND DISCUSSION 
 The progressive increase of nanofiller content has led to enhanced polarization (11 μC/cm2), soft ferromagnetic properties, 

and enhanced ME coupling of 59 mV/cm-Oe due to switchable magnetostriction at lower saturation field of 1.2 kOe. 

Detailed energy storage characteristics confirm that the nanofiller inclusion up to 7.12 vol% effectively improved the 

recoverable energy storage density (21.2 J/cm3) with an efficiency of 67 %. The experimental and simulation results 

corroborate a significantly improved breakdown strength of 617 kV/mm with reliable performance. Thus, careful processing 

provides viable polymer dielectrics with beneficial storage characteristics. 

 

 

 

\ 

 

 

ME filler-based polymer nanocomposites for enhanced magnetoelectric and energy storage 

CONCLUSION 

Compression molding significantly enhanced the β-phase compared to solution-cast composites: 92.4 % for neat PVDF and 

86 % for 40% filler. Local PFM and P-E experiments showed enhanced piezoelectricity and switchable polarization, 

consistent with the mechanically induced presence of the polar β-phase. MFM and magnetization studies revealed increased 

magnetization and reduced coercivity with increased filler content. PNC films exhibited ME coefficient of 59 mV/cm-Oe, 

with self-bias effects promising for smart wearable devices. Energy storage studies, supported by simulation, demonstrated 

improved breakdown strength for PVDF low filler content composites. The reduced dielectric mismatch between PVDF and 

BCT, facilitated by CZFO, combined with processing-induced higher Pmax-Pr, resulted in a storage density of 21.2 J/cm3 and 

an Eb of 617 kV/mm for PC20, ensuring high reliability. Overall, our study advances understanding of PVDF processing and 

low field ME sensing, with implications for flexible energy storage. 
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INTRODUCTION 

Layered metal hydroxides have been studied as nanotherapeutics for drug delivery and diagnostics1. Classified as 

particulate carriers, their bi-dimensional structure allows the intercalation of bioactive species between the layers 

by distinct methods in water and at ambient conditions. Focusing applications on nanomedicine, magnesium, zinc, 

and aluminium are the main cations chosen for investigation. In vivo studies demonstrated that layered hydroxides 

promote tissue integration, neovascularisation, angiogenesis, and 

stimulation of collagen formation2. This work chose a layered 

material from endogenous zinc ions to intercalate bioactive species. 

Layered zinc hydroxide (LZH) has layers formed by hydroxide ions 

coordinated to Zn2+ as indicated in Fig. 1a and the general formula 

Zn(OH)2-y(A
x-)y/x⋅nH2O (A is an anion of charge x). The naturally 

occurring phenols cinnamic acid and curcumin (Fig. 1b,c) were 

employed because of their outstanding biological properties but low 

chemical stability that an intercalation approach could improve. 

Cinnamic acid shows antioxidant, UV protection, and antimicrobial 

activities, while curcumin has anti-inflammatory, antiviral, and 

anticancer properties3.  
 

EXPERIMENTAL STUDY 

LZH-Cin material was synthesised by precipitation in water at pH constant, nitrogen gas atmosphere, and using a 

ZnCl2/Cin molar ratio equal to 2.  After washing and drying, LZH-Cin was suspended in a saturated curcumin 

solution in ethanol and kept on a stirring table. The orange solid (named LZH-Cin-Cur) was isolated by filtration. 

Structural, spectroscopic, and thermal techniques were used for the materials’ characterisation.   

RESULTS AND DISCUSSION 

X-ray diffraction (XRD) pattern showed peaks related to planes of 0.242 nm (basal spacing) and 0.271 and 0.156 

nm, which attested to the formation of LZH phase and the presence of cinnamate in an interdigitated bilayer 

arrangement between the layers. The chemical identity of Cin was kept in the carrier system as indicated by infrared 

and Raman spectroscopies. The loading capacity of LZH-Cin was 35 m/m%, and the thermal stability of Cin 

increased 40oC compared to cinnamic acid. The LZH-Cin-Cur particles showed uniform colour, and they were not 

fated after at least ten months. The basal spacing of LZH-Cin was not changed after Cur immobilisation, suggesting 

that the dye was on the external surface. Thermal analysis data indicated that the mass of curcumin in the LZH-

CIN-CUR sample was about 24%, a highly satisfactory value for a carrier. Cur was also tentatively immobilised on 

LZH-Cl for comparison purposes, but the obtained material showed the deprotonated Cur's colour, which can favour 

dye oxidation.  
 

CONCLUSION 
An LZH carrier with a high loading capacity for cinnamate and curcumin bioactive species was obtained. The surface 

modification of LZH surfaces with Cin improved curcumin's chemical stability. The following studies will focus on in vitro 

assays to assess the material's biocompatibility and antioxidant properties. 
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INTRODUCTION 
Brazilian coffee production has been heavily affected by phytopathogenic bacteria that cause bacterial canker/spots and lead 
to serious economic losses. The treatments available for this disease are still scarce, the most common being copper 
derivatives and the antibiotic kasugamycin. In addition, these treatments impact crops negatively, interfering with food 
security and the environment. One of the most promising alternatives to the use of antibiotics is the use of bacteriophages. 
The aim of the present research work was to use green technology via development of a nanoparticle formulation integrating 
a cocktail of lytic bacteriophages with potential for the biocontrol of coffee plant bacteriosis caused by the phytopathogen 
Pseudomonas syringae pv. garcae (Psg). 

EXPERIMENTAL/THEORETICAL STUDY 
A full 32 factorial planning was employed to optimize nanoparticle formulation and the 9 formulations thus produced were 
analyzed via dynamic laser light scattering for determination of hydrodynamic size, polydispersity index and Zeta potential, 
together with assessment of the maintenance of phage virion lytic activity upon entrappment within the biopolymeric 
nanoparticle core.  

RESULTS AND DISCUSSION 
Entrapment of the phage virion particles in the chitosan/lecithin-coated calcium alginate biopolymeric matrix of the 
nanoparticles promoted structural and functional stabilization of said virions, with maintenance of their lytic viability. 
Maintenance of the lytic activity of the phage virion particles within the biopolymeric nanoparticles was evaluated since 
immobilization on different matrices can affect both their viability and availability. The process of obtaining films, coatings, 
and hydrogels integrating phage particles ends up exposing them to stressful conditions such as mixing, stirring, or drying. 
Lawns of Pseudomonas syringae pv. garcae IBSBF-158 (Psg IBSBF-158) were prepared and, on top of it, sterile filter paper 
disks impregnated with the nanoparticle formulations were laid. Lysis zones were observed in the lawn, surrounding the 
nanoparticle-impregnated filter paper disks, indicating maintenance of the lytic activity of the phage particles on the host 
bacteria upon immobilization within the biopolymeric nanoparticles. Hence, integration of the phage particles within the 
nanoparticle matrix formulations did not interfere with their lytic activity. To try to explain the lysis promoted by the 
entrapped phage particle cocktail when in contact with a lawn of the host (Psg IBSBF-158), a putative mechanism was put 
forward illustrating the putative interactions between the Ca2+ alginate matrix and the chitosan/lecithin coating at different pH 
values. Chitosan and lecithin are electrostatically bound to the surface of the Ca2+ alginate matrix at a lower pH (top-agar 
surface, pH equal to ca. 6). At a higher pH (Psg IBSBF-158 lawn surface, pH equal to ca. 9), chitosan becomes deprotonated 
and acquires a net negative charge, and the repulsion forces acting on the (also negatively charged) Ca2+ alginate matrix 
prevents surface rebinding. The increase in pH promotes a disentanglement of the two polymers, destructuring the 
nanoparticle and promoting release of the phage virions into the outer medium, where they can contact with, and infect the, 
bacterial host cells, promoting their lysis. 

CONCLUSION 
The nanoparticle formulation selected (level 0, phage cocktail at MOI 100), with ca. 561 nm in diameter and a Zeta potential 
of ca. +16 mV (viz. formulation #8) has, therefore, potential for utilization in the biocontrol of Psg IBSBF-158, the causal 
agent of bacterial halo blight in coffee plantations. With a large positive Zeta potential this nanoparticle formulation does not 
aggregate and, with an hydrodynamic size of ca. 561 nm, it can easily accomodate several phage virions in its core matrix.  
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INTRODUCTION 
The inert binder does not actively participate in the operation of a lithium ion battery was replaced with a photoactive 

polymer.  Substituting the binder indeed retained its binder properties, while also being fluorescent and electroactive. The 

intrinsic photoactivity of the binder would be ideal to harness sunlight for charging the battery with light at the molecular 

level.  

EXPERIMENTAL/THEORETICAL STUDY 
The photoactive binder was prepared by the straightforward step-growth polymerization of a dianhydride with its 

complementary diamine.  The polymer was confirmed by GPC and NMR.  

RESULTS AND DISCUSSION 
Typically, a binder in a battery plays no active role in its operation. Therefore, the binder is a dead mass whose exclusive role 

is to act as a molecular glue. In this role, it consolidates the active components of the battery to the current collector. 

Leveraging our previous results that demonstrated sunlight can be used to induce a charge transfer at the molecular level in a 

battery,1, 2 we set out to develop a binder that could also sustain this effect. The design criteria of the binder was to harvest 

sunlight and subsequently oxidize lithium iron phosphate (LFP).  The reduced dye would then inject the charge upon 

returning to its ground state according to the mechanism represented in Fig. 1.  

 

 
Fig. 1 General reaction scheme of sunlight induced redox reaction and subsequent dark event of LIB component and a dye at 

the molecular level. 

 

The polymer developed indeed was photoactive and it retained its fluorescence. Its energy level also matched with the 

oxidation potential of LPF, making the light induced process exergonic. The binder further consolidated the battery 

components, much like a conventional binder, but with the benefit of being photoactive. Detailed post operation studies of 

the prepared photoactive binder were undertaken to demonstrate the binder was inert under normal charging and discharging 

of the battery. These detailed FT-IR spectroscopic studies also revealed the inertness of the polymer, but also demonstrated 

that it reacted when excited with light as designed. 

 
CONCLUSION 

An electroactive polymer was prepared that served as a binder in a lithium ion battery. The polymer was photoactive and it 

generated a charge upon exposure to light.  The binder was integrating in an operating battery.  The photoelectrode generated 

a charge when irradiated with light.  

REFERENCES 

(1) Briqueleur, E.; Shoghi, F.; Dollé, M.; Skene, W. G. Unraveling the Interfacial Electron Transfer in Various Photocathode 

Architectures for Advancing a Photobattery. ACS Appl. Energy Mater. 2023, 6 (5), 2768-2780. DOI: 

10.1021/acsaem.2c03577. 

(2) Briqueleur, E.; Dollé, M.; Skene, W. G. Understanding the Light-Triggered Process of a Photo-Rechargeable Battery via 

Fluorescence Studies of Its Constitutional Photo- and Electroactive Components. J. Phys. Chem. 2022, 126 (5), 2634-2641. 

DOI: 10.1021/acs.jpcc.1c09127. 

ACKNOWLEDGMENTS 

The Natural Sciences and Engineering Council Canada and the Canada Foundation for Innovation are acknowledged for 

funding and equipment, respectively. E.B. also acknowledges a graduate scholarship from UdeM and the Trottier Foundation. 



                          

Development and performance analysis of water electrolysis propulsion system with 

microwave igniter 

 
Xiaodan Liu 1, Yusong Yu 1,*,  Shurui Zhang 2, Jun Chen 3 and Tao Zhang 3 

1,2 Hydrogen Energy and Space Propulsion Laboratory (HESPL), School of Mechanical, Electronic and 

Control Engineering, Beijing Jiaotong University, Beijing, 100044, China 
3 Beijing Institute of Control Engineering, Beijing 100190, China 

 
INTRODUCTION 

The electrolytic water propulsion system is a non-toxic, safe to launch, inexpensive and high combustion ratio 

impulse propulsion system. According to the current research, most of the water electrolysis propulsion systems 

use catalytic ignition 1-3 and spark ignition4,5. However, there are problems of catalyst sintering and unreliable 

ignition. Microwave ignition can achieve more reliable large-area ignition in space and higher ignition efficiency. 

Considering these aspects, the aim of this paper is to design a water electrolysis propulsion system using 

microwave ignition, including the microwave ignition system and thruster design. 

EXPERIMENTAL/THEORETICAL STUDY 

The microwave water propulsion system designed in this paper uses hydrogen and oxygen produced by a water 

electrolysis module and uses microwaves to ionise the hydrogen and oxygen to produce a plasma jet to assist in 

hydrogen combustion. According to the designed thruster model, COMSOL software is used in this study for the 

simulation calculation of electric field and combustion part.  

RESULTS AND DISCUSSION 

    
 

Fig. 1 The microwave water propulsion system integrates modules for electrolyzing water into hydrogen and oxygen gases.  

Fig. 2 The Water electrolysis thruster incorporates a microwave ionized hydrogen gas module.  

Fig. 3 The electric field distribution inside the microwave resonant cavity 

Fig. 4 The transient thrust curve of the microwave water propulsion system. 

In the microwave ionized hydrogen gas module, high electric field distribution occurs in the vicinity of the antenna tip, with 

electric field peaks reaching magnitudes of 10^5 V/m. After the ionization of hydrogen gas and its reaction with oxygen 

inside the thruster combustion chamber, when expelled through the nozzle, it can generate a stable thrust of approximately 

0.2N. It takes about 1.3 seconds for the thrust to stabilize. 

CONCLUSION 

This paper presents a microwave propulsion system that integrates modules for electrolyzing water to produce hydrogen and 

oxygen gases. To enhance combustion performance and specific impulse, the hydrogen gas generated from water electrolysis 

is first passed through a microwave ionization module before entering the thruster combustion chamber to react with oxygen. 

Results indicate that the propulsion system achieves normal combustion and thrust output. The study will delve into the 

underlying mechanisms of the process. 
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Introduction 
To overcome excessive water production in oil and gas wells, different mechanical and chemical techniques are employed. Injecting 
gels and polymers in the area around the wellbore is one of the promising chemical methods which potentially reduces water permeability 
in near-wellbore zone. Nanocomposite gels, which are polymer gels enhanced by the addition of nanoparticles, can improve some 
limitations of conventional polymer gels such as difficulty in controlling the gelation time, low mechanical strength, low thermal 
stability, and high salinity/pH sensitivity. In this research, the strength and stability of a nano-SiO2 gel in presence of formation water is 
evaluated. 
 
Materials and Methods 
A nanocomposite gel was made using hydrolyzed polyacrylamide (HPAM) with a molecular weight of 5×106 g/mol, chromium acetate 
as crosslinker, and nano SiO2 with average size of 20 nm. The mixture was stirred for 5 minutes, then heated to 100°C for gelation. Table 
1 describes the Sydansk strength code that was used to assess gel strength [1]. 

Results  
In table 2, the impact of nano SiO2, temperature and gelation time on gel strength is summarized.  
 

Table 1. Gel strength based on Sydansk’s code Table 2. Effect of gelation time/concentration/temperature on gel strength 
Gel Code  Description of Gel 

A No detectable gel 
B Highly flowing gel 

C Flowing gel 
D Moderately flowing gel 

E Barely flowing gel 
F Highly deformable non-flowing gel 

G Moderately deformable non-flowing gel 
H Slightly deformable non-flowing gel 
I Rigid gel 

 

 

gelation time 
(hours) 

temperature 
(°c) 

nano SiO2 concentration  (wt.%) 
0.2 0.6 1 1.4 

0.5 100 A A B C 
1 100 A A B C 

1.5 100 B B B C 
2 100 E B E C 

2.5 100 G F F F 
3 100 G F F F 

3.5 100 G F F G 
4 100 G H G G 

4.5 100 G I I G 
24 25 G I I F 
480 25 F I G H 

 
effect of nano silica composition on polymer salinity tolerance 
Based on the observations, the hpam gel generated by nano silica kept its strength and structure at 100°C in salt water solutions with 
concentrations ranging from 40,000 to 65,000 ppm. The results indicate that the nanocomposite effectively prevents salt water 
penetration and is suitable for the tested salinity levels. There were no apparent signs of gel degradation or significant alterations in its 
properties, suggesting that the nanocomposite can withstand the salt levels. However, at a concentration of 70,000 ppm, the gel structure 
appears to degrade, revealing that the polymer nanocomposite is unstable at this salinity level. 

   
Figure 1. The effect of nano silica on the salt 

tolerance with a salinity of 55000 ppm 
The left side features polymer- nano composite  , 
while the right side features a polymer gel near 

salt water. 

Figure2 NC gel , in 
distilled water with a pH 

level of 8.5. 

Figure 3. bottle test that show efficiency of a 
nanocomposite polymer. 

 
bottle test 
The experiment as shown as figure 3.  consisted of a glass vial filled with distilled water and heptane, followed by the addition of 
nanocomposite polymer into the vial. Following a four-hour period, it was noted that the polymer successfully segregated the oil phase 
from the water phase. This segregation was made possible by the distinctive density characteristics of the polymer. With a density higher 
than water but lower than oil, the polymer settled in between the two phases. This positive result indicates that when used during reservoir 
injection, the polymer has the potential to improve oil production efficiency by inhibiting water intrusion and enhancing reservoir sweep 
efficiency. 
 
Discussion 



Addition of nano-silica enhances specific qualities of the gel. While keeping the Nano-silica content low helps prevent filler aggregation 
and guarantees a more uniform dispersion in the polymer matrix, increasing the concentration of HPAM results in stronger gel formation 
and better control of liquid viscosity. In addition, the observations shows that a nanocomposite with a higher concentration of crosslinker 
and less than polymer demonstrates greater stability 20 days after post-curing. while HPAM gels with nano-silica exhibit stability near 
brine solutions (40000ppm-60000ppm). it was observed that a nanocomposite polymer successfully segregated oil from water owing to 
its distinct density characteristics, which could potentially improve oil recovery efficiency. 
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INTRODUCTION 
Hydrogen is considered the ultimate energy source to promote the sustainable development of global energy and 
achieve the goal of carbon neutrality. The storage and transportation of hydrogen is a key link connecting 
upstream hydrogen production and downstream hydrogen consumption, solid-state hydrogen storage is respected 
as the most promising storage technology for the potential of high-volume hydrogen storage density, good safety, 
and long storage time. However, some crucial issues, including the speed of hydrogen charging and discharging, 
manufacturing costs, storage efficiency, and so on, have hindered practical applications. This article will 
systematically analyze the current problems of solid-state hydrogen storage from the perspective of storage 
principles, storage materials science, application prospects, and cost evaluation. 

PRINCIPLES AND TECHNICAL ROUTES OF SOLID-STATE HYDROGEN ENERGY 
Solid-state hydrogen storage technology combines hydrogen with hydrogen storage materials through physical or 
chemical means to achieve hydrogen storage within three major principles1: (a) physisorption; (b) chemisorption; 
and (c) quasi-molecular bond storage, as demonstrated in Fig.1. 

             
Fig. 1 Three principles of hydrogen storage in solid-state         Fig. 2 Storage capability of different metal materials 

Upon three principles, detailed technical routes will be summarized and comparatively discussed. Compared to 
the materials of physisorption (like carbon-based materials, inorganic porous materials, MOFs), metal hydrides 
(like LaNiH, MgH), coordination hydrides (like NaAlH), chemical hydrides (like NHBH) could provide higher 
storage efficiency (as shown in Fig.2) together with larger capacity albeit such materials still require modification2, 
thus chemisorption should play a more important role in future. 

APPLICATIONS PROSPECTS AND COST EVALUATION  
Applications sections in which solid-state hydrogen and gaseous hydrogen have been comparatively discussed, 
solid-state hydrogen storage is believed more suitable for applications in fields like hydrogen metallurgy, seasonal 
energy storage, and hydrogen chemical industry rather than direction applications on vehicles. The life cycle cost 
of solid-state hydrogen storage is also discussed on solid-state hydrogen storage combining the technical routes 
and applications scenarios. Road map to hydrogen society driven by solid-state hydrogen will be raised. 

CONCLUSION 
Upon the systematically review and comparatively analysis on the principles, technical routes, applications 
prospects, and cost evaluation, the trend and research concerning solid-state hydrogen storage is concluded. 
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INTRODUCTION 
CO2 methanation is a process that has recently drawn attention from the scientific community as a favorable alternative to 

cope with CO2 emissions and, at the same time, uses it as a carbon source for fuels, fine chemicals, and energy production1. 

This process usually employs Ni and Al-based catalysts; however, promoting with a third metal may enhance multiple 

properties that improve catalytic activity and resistance to deactivation2. Then, this study aimed to evaluate the best 

composition when combining Ni, Co, and Cu on LDH-derived catalysts over their properties, activity, and resistance to 

deactivation for the CO2 methanation reaction.  

EXPERIMENTAL/THEORETICAL STUDY 
The co-precipitation method (pH 8±0.1, 50 °C) was applied to prepare LDH-derived NiCo-, CoNi-, NiCu-, and CoCu-Al 

catalysts (5:1:3, mol). N2 physisorption, XRD, H2-TPR, CO2 and H2-TPD, and TPO techniques were used for sample 

characterization. Catalytic tests at 1 atm, 60000 mL (gcat h)-1, H2/CO2 = 4 were performed both with variable (200-400 °C) 

and a fixed (400 °C, 5 h) temperature3. 

RESULTS AND DISCUSSION 
The activity tests (Fig. 1a) showed that, despite being almost inactive at 200 °C, the CO2 conversion increases dramatically 

when reactional temperatures rise, mainly for the NiCoAl catalyst, reaching a maximum conversion of 86.1% at 350 °C and 

approaching the equilibrium limit. The high activity of this sample could be attributed to its higher dispersion, thus a higher 

number of active sites, and the improved basicity4. While the NiCoAl sample presents a slight decrease in activity after 350 

°C, as a consequence of the RWGS reaction being favored, it continuously increases in the other samples, due to their slower 

activation. This could be a reflection of the low hydrogenation activity of both Co and Cu, as previously reported, despite 

promotion by Cu provided smaller crystallite sizes, usually linked to higher metal dispersion5. To the catalytic tests at a fixed 

temperature (Fig. 1b), neither sintering nor carbon deposition were relevant, proving their resistance to deactivation.   

 
Fig. 1 (a) CO2 conversion versus temperature and (b) time-on-stream 

CONCLUSION 

The different combinations of Ni, Co, and Cu on the synthesized catalysts showed that a Ni-rich Ni-Co catalyst has the 

highest activity for CO2 methanation among those studied. Its better performance was attributed to a combination of more 

active sites due to high Ni dispersion and improved basicity, facilitating CO2 activation and disponibility for conversion, thus 

corroborating a beneficial interaction between Ni and Co over the catalysts properties. The catalysts also presented high 

resistance to deactivation, confirming the validity of its application for CO2 conversion in a mild temperature range. 
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INTRODUCTION 
The catalytic decomposition of methane (CDM) offers a single-step process for producing COx-free hydrogen1. Nickel-based 

catalysts, though cost-effective, require modification to counter materials deactivation during the reaction2. Adding promoters 

like Pd and Cu has been explored to enhance catalytic activity and stability3. Layered double hydroxides (LDH) emerge as 

promising catalyst support, with MgNiAl-LDH demonstrating effective diffusion of carbon particles and a spinel-like 

structure4,5. The effect of metals with basic properties (Li, Mg, Ca, La) on the NiAl-LDH-derived catalyst for methane 

decomposition was analyzed.  

EXPERIMENTAL/THEORETICAL STUDY 
The Ni-Al catalyst was prepared using the co-precipitation method. In a second step, this Ni catalyst was dispersed in metal 

nitrate solutions following the procedure previously described to reconstruct the LDH structure6. Reactions were conducted at 

varying temperatures (550-700 °C) and at a fixed temperature of 600 °C, both heated with N2:CH4 (9:1). Catalyst 

characterization included XRD, H2-TPR, CO2-TPD, TPO, Raman spectroscopy, and SEM. 

RESULTS AND DISCUSSION 
The activity tests in different temperatures (Fig. 1a) showed that incrementing temperatures up to 600 °C positively affected 

the activity patterns of the La and Mg-reconstructed, and unpromoted NiAl catalysts – Li and Ca only improved until 550 °C 

– showing strong deactivation subsequently, mainly due to formation of carbon nanotubes, as confirmed via Raman spectra 

and SEM images (Fig. 1c). The La-reconstructed one had the highest activity throughout the entire temperature range (except 

for Li at 500-550 °C), with maximum conversion of 54.7% at 600 °C, in virtue of the presence of more active sites7. La 

incorporation slightly improved resistance to carbon deposition, whereas its low crystallite size (7.2 nm) also provided higher 

resistance to deactivation in the fixed-temperature test against unpromoted Ni-Al, slowing sintering (Fig. 1b). 

 
Fig. 1 CH4 conversion versus (a) temperature and (b) time-on-stream, and SEM image of spent La-NiAl-LDH catalyst 

CONCLUSION 

Incorporating La in the NiAl-LDH catalyst improved the catalytic activity for CH4 decomposition through the entire 

temperature range, demonstrating an increment in the number of active sites. The high activity presented without previous 

activation is positive, as no H2 was spent to promote the reaction. The presence of La also lowered the crystallite size and 

provided basic sites, thus improving the resistance to deactivation, hindering size growth and carbon deposition. 
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INTRODUCTION 
Mitigation of carbon dioxide (CO2) emissions and energy production are unparalleled challenges for modern society. CO2 

conversion to methane (CH4) through methanation is a promising alternative to tackle both issues, valorizing it as a carbon 

feedstock for chemicals, fuels, and energy generation. As surface basicity plays an essential role in activating CO2, this work 

focused on stimulating its generation in catalysts through basic-featured Ca promotion, given the lack of investigation over 

the effect of Ca content on Ni-Al layered double hydroxide-derived (LDH) catalysts, thus aiming to find an adequate 

composition that provides the best properties and, consequently, performance for low-temperature methanation1,2.  

EXPERIMENTAL/THEORETICAL STUDY 
Ca-promoted (3-33 mol%) Ni-Al LDH (MII/MIII = 2) catalysts were prepared via the co-precipitation method (pH 8±0.1, 50 

°C). Extensive characterization was done through XRD, H2-TPR, CO2 and H2-TPD, TPO, SEM, and TEM. Catalytic tests 

were performed at 1 atm, 60000 mL (gcat h)-1, H2/CO2 = 4 in stepwise (200-400 °C) and stability (250 °C, 10 h) modes3. 

RESULTS AND DISCUSSION 
Except for the highest Ca-concentrated (33 mol%) sample, all synthesized catalysts presented between 65 and 80% of CO2 

conversion at temperatures as low as 200 °C, which were due to properties originating from the LDH structures, as high 

specific surface areas, Ni dispersion and surface area, and small crystallite sizes, leading to high availability of Ni active 

sites, but mainly because of improved basicity given by the Ca promotion to enhance catalytic activity in the reaction. 

Among the samples, the highest density of weak-medium basic sites (165.5 µmol gcat
-1) of Ni60Ca6 catalyst can be directly 

linked to its highest catalytic activity of 79.4% of CO2 conversion at 200 °C (Fig. 1a), proving that a high number of 

moderate basic sites improves a catalyst capacity of adsorb and activate CO2
2,4. The highest activity was attained by the same 

sample, of 86.6% at 250 °C, whereas all catalysts reached 100% of CH4 selectivity below 300 °C (Fig. 1b). The Ni60Ca6 

catalyst was also able to maintain high activity in the long-term reaction, showing resistance to sintering and carbon 

deposition (Fig. 1c).  

 
Fig. 1 (a) CO2 conversion according to weak-medium basic sites, (b) as a function of temperature and (c) of time-on-stream 

CONCLUSION 

The proper composition of Ca-promoted Ni-Al LDH-derived catalysts is crucial to attain an ideal set of properties for 

improved low-temperature methanation. The highest number of moderate basic sites, which worked synergistically with the 

highest number of Ni active sites, indicated that up to 6 mol% of Ca enables outstanding performance at low temperatures, 

approaching the thermodynamic limit and favoring a less energy-expensive process, consequently highlighting it as an 

encouraging alternative to manage CO2-related issues.  
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INTRODUCTION 

The measurement of pure β emitting radioactive gases such as 3H and 85Kr is already of major importance for the 

nuclear safety authorities, and will meet an increasing demand with the expansion of nuclear-based energy 

production. Due to the short penetration length of β electrons in air, gaseous β emitters must be mixed with 

radiosensitive elements to enable detection. These are either gas-gas mixtures in an ionization chamber, or gas-

liquid mixtures in liquid scintillation. However, none of these existing methods combine real-time analysis, 

sensitivity to multiple gases, and ease of deployment for on-site measurements. We demonstrate a new gas-solid 

mixture approach using inorganic aerogels as nanoporous scintillators. 

EXPERIMENTAL STUDY 

This presentation will focus on the preparation of scintillating aerogels. Scintillating nanoparticles were 

synthesized in the 10g-scale via a solvothermal route. After extensive washing, a controlled aggregation 

procedure allowed for their assembly into gels. These gels were then dried into transparent aerogels in 

supercritical CO2. The aerogels were then exposed to known quantities of radioactive gases and their scintillation 

was measured. The procedure was initially developed to produce Ce4+:YAG nanoparticles aerogels, and was 

subsequently applied to other scintillating nanomaterials. 

RESULTS AND DISCUSSION 

Transparent scintillating aerogels were obtained by the same method for Ce4+:YAG (Fig. 1) and other 

nanomaterials. Statistical treatment of their measured scintillation allowed efficient, real-time measurement of 3H 

and 85Kr activity.   

 

 
 

Fig. 1 - Aerogels before (left, Ce3+:YAG, yellow sample) and after (right, Ce4+:YAG, white sample) thermal treatment 

 

CONCLUSION 

We demonstrate a new gas-solid mixture approach using inorganic aerogels as nanoporous scintillators. This 

method combines the above criteria, allowing efficient real-time measurement of 3H and 85Kr activity. 
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INTRODUCTION 

In recent years, Response Surface Methodology (RSM) has become widely used to optimize and evaluate the 

interactive effects of independent factors in many chemical processes. In this study, RSM was used to investigate the 

photoelectrocatalytic (PEC) activity of cobalt ferrite (CoFe2O4 and Co1,5Fe1,5O4) thin films. These materials are known for 

their interesting catalytic activity [1].  

EXPERIMENTAL/THEORETICAL STUDY 

Cobalt ferrite thin films have been prepared by depositing CoxFe3-xO4 powders (synthesized in our previous work) 

on indium tin oxide (ITO) substrates by the drop casting method. The crystallographic structure of thin films is the same 

as the powder, and the chemical composition was checked by energy dispersive spectroscopy (EDS). Mott-Schottky 

analysis was used also to determine the flat band potential. The study also included photocurrent measurements to assess 

the carrier density. The photoelectrocatalytic performance of the prepared CoxFe3-xO4 thin films was evaluated for the 

removal of Rhodamine B from water under irradiation with a 390 nm light source using a photoreactor with three electrodes 

immersed in an electrolyte. Response surface methodology (RSM) was used to evaluate the effect of electrolyte 

concentration (Na2SO4), current density, dye concentration (RhB) and irradiation time, and to optimize the process. 

RESULTS AND DISCUSSION 

The band gap values of the samples estimated to be, approximately 2.32, 2.01 eV corresponding to CoFe2O4 and 

Co1,5Fe1,5O4 respectively. Grain size distribution was broad, with a value between 6 and 12 nm. In addition, the flat band 

potential (VFB) for the CoFe2O4 nanoparticles was obtained from the Mott-Schottky plots measured at 1000 Hz as shown 

in Figure 1. 

 
Fig. 1 Mott–Schottky plots of the CoFe2O4. 

The positive slope of the plot indicates that the CoFe2O4 material is a n-type semiconductor, which agrees with the results 

of the literature [2]. The estimated VFB value of the CoFe2O4 nanoparticles was 0.21 V vs. Ag/AgCl (Reference electrode). 

The CoxFe3-xO4 thin films showed remarkable efficiency in the photoelectrocatalytic test and the RSM methodology 

established the most important parameters that affect the PEC activity and the optimum conditions to achieve the highest 

level of RhB degradation.  

CONCLUSION 

CoxFe3-xO4 thin films were deposited on an ITO substrate by drop-coating cobalt ferrite powder for 

photoelectrocatalytic degradation of RhB. The photoelectrocatalytic tests showed interesting results and the RSM 

methodology was used to optimize the photoelectrocatalytic RhB removal and to achieve 100% RhB degradation. 
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INTRODUCTION 

The precursors and the methods of  CoxFe3-xO4 particles synthesis have strongly influenced several parameters like 

particle size, crystallinity, morphology, homogeneity, and distribution of ions in tetrahedral and octahedral sites[1]. 

In this study, the photocatalytic activity performance of cobalt ferrite was investigated for two chemical 

compositions: x=1 the most used and x=1.5 an original one. The effect of several experimental parameters on 

photocatalytic performance was evaluated by Response Surface Methodology (RSM). 

EXPERIMENTAL/THEORETICAL STUDY 

Cobalt ferrite nanoparticles have been synthesized by a hydrothermal method using nitrates as precursors and 

characterized using X-ray diffraction (XRD), transmission electron microscopy (TEM), Mott-Schottky analysis, 

UV-visible diffuse reflectance spectroscopy and BET technique. The photocatalytic performance of the 

synthesized CoxFe3-xO4 nanoparticles was evaluated for the removal of Rhodamine B from water under visible 

light irradiation. The response surface methodology (RSM) based on the central composite design (CCD) model 

was used to evaluate the following set parameters: pH, dye concentration and catalyst weight and to optimize the 

RhB removal.  

RESULTS AND DISCUSSION 

The XRD and TEM analyses showed that the nanoparticles produced are single-phased with a nano-

octahedral shape (Fig 1) and a size less than 10 nm. UV-Vis spectrophotometry revealed distinct optical band gap 

values for CoFe2O4 and Co1,5Fe1,5O4 of 2.32 eV and 2.01 eV, respectively. In addition, the developed CoxFe3-xO4 

powders showed remarkable efficiency in the photodegradation of an aqueous Rhodamine B (RhB) solution (Fig 

2).   

 

                      Fig 1: TEM image of Co1.5Fe1.5O4 nano-octahedra.               fig 2: Photodegradation of RhB solution in the optimum condition. 

The results showed that the pH of the solution was the most effective parameter for the photocatalytic removal of 

RhB by CoxFe3-xO4. The optimum condition to achieve the highest photocatalytic degradation with minimum 

catalyst weight (48mg) is obtained for a 6 ppm initial dye concentration, at pH 9. The predicted efficiency at the 

optimum condition is closed to 100% according to the experimental results. 

CONCLUSION 

The experimental photodegradation efficiency of CoxFe3-xO4 has been investigated and the RSM methodology 

allowed to optimize the photocatalytic RhB removal (100%) for a set of three experimental parameters. 
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INTRODUCTION 

Polyolefin separators are widely used commercially due to their excellent mechanical properties. However, they are 

vulnerable to rate capability and to short circuits because of their poor thermal properties at high temperatures.1 

Polyimide-based separators can be a good alternative due to their inherent stability at elevated temperatures, making 

them suitable separators to prevent thermal failure.1 As PI nonwoven separators have also high ionic conductivity 

and good electrolyte wettability, it is therefore expected to show excellent rate capability and cyclability.1 

Nevertheless, the pore sizes of nonwoven polyimide separators are often too large to provide appropriate electro-

chemical properties. In this study, we controlled the pore sizes of polyimide (PI) nonwoven separators through 

simple coating.2 

EXPERIMENTAL/THEORETICAL STUDY 

The pore size controlled PI nonwoven separator was prepared by the dip coating method using the coating solution 

(polysiloxane and PvDF) at room temperature. The electrochemical performance of the coated separators were 

examined by 2 Ah pouch type full cell.  

RESULTS AND DISCUSSION 

This study demonstrates the ability to control the pore structure of PI nonwoven through polysiloxane coating. By 

employing hydrolysis and condensation reactions with three types of silane materials, we successfully coated 

polysiloxane onto the inner fibers. The resulting SI-PI separator has internal pores sized from 0.5 ~ 2 µm, a Gurley 

value of 0.6 s⋅100 cm−3, and 85 % porosity. It was intriguing to discover that the coated separator with controlled 

pores allowed for successful charging and discharging, unlike the PI nonwoven. LIBs assembled with the coated 

separator exhibited impressive rate capability, with discharge capacity of 2.77, 2.68, 2.61, 2.51 and 1.61 mAh at 

0.2, 0.5, 1, 2, and 5 C discharge rates, respectively. Furthermore, the coated separator maintained 98.6 % of its 

capacity after 100 cycles.  

 

             
Fig. 1 (a) SEM image of polyimide nonwoven separator, (b) rate capability of 2Ah pouch type full cells with coated-PI and PE 

separators at a C-rate of 0.2, 0.5, 1.0, 2.0 and 3.0 C 
 

CONCLUSION 

The polysiloxane coating effectively controlled pore sizes, showing great potential as a lithium-ion battery (LIB) 

separator with outstanding thermal stability  
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INTRODUCTION 
Hydrogen-diesel dual-fuel compression ignition (CI) engines offer a cutting-edge solution, leveraging the clean-
burning properties of hydrogen to enhance combustion efficiency and reduce emissions1,2. However, due to the 
high laminar combustion rate and wide flammability limits of hydrogen, blending hydrogen with diesel can easily 
lead to excessively high in-cylinder combustion pressure3,4. In this study, the H2-diesel dual-fuel direct-injection 
(H2DDI) mode with in-cylinder water injection is implemented on a certain type diesel engine. By harnessing the 
latent heat of water evaporation and its impact on chemical reactions5, we aim to achieve suppression of peak in-
cylinder pressure and control over the rate of heat release during combustion. 

EXPERIMENTAL/THEORETICAL STUDY 
Using CFD simulation methods, the impact of hydrogen and water injection relative orientation, injection timing, water ratio 
on the ignition and in-cylinder combustion processes was studied. The RANS method is utilized for solving in-cylinder flow, 
employing the KH-RT atomization model to simulate the atomization of diesel and water. In-cylinder direct injection of 
hydrogen gas is achieved by setting pressure inlet boundaries. The turbulence model adopts the SST k-ω two-equation 
model. 

RESULTS AND DISCUSSION 

  
Fig. 1 The spray and flame spatial distribution under in-cylinder water injection conditions 
Fig. 2 The flame distribution under different in-cylinder water injection mass (ranging from 0.02g to 0.08g) at ATDC 10°CA 
Fig. 3 Pressure-volume (P-V) curves under different in-cylinder water injection mass 
Fig. 4 The heat release rate curves under conditions of with and without in-cylinder water injection (water mass of 0.04g). 
The spatial interaction between water spray and the jets of diesel and hydrogen has a significant impact on the heat release 
rate and the spatial distribution of in-cylinder flames. Due to water's high latent heat of evaporation, the evaporation of water 
spray can effectively reduce the temperature of in-cylinder flames, thereby effectively lowering the peak pressure of in-
cylinder combustion. The water vapor generated by water evaporation provides additional volume expansion work, and along 
with water vapor participating in decomposition, it promotes the generation of free radicals such as OH and H, thereby 
promoting the improvement of thermal efficiency. 

CONCLUSION 
This study demonstrates that in-cylinder water injection is an effective approach to both effectively mitigate excessive peak 
pressure in hydrogen-diesel engine combustion and enhance thermal efficiency. There exists a critical water injection volume, 
beyond which engine thermal efficiency decreases rather than increases. 
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INTRODUCTION 

In light of the urgent global imperative to achieve carbon neutrality by 2050, hydrogen production via water 

electrolysis has become increasingly crucial. Research efforts aimed at enhancing performance and reducing costs 

of water electrolysis technologies have led to the development of a novel system: anion exchange membrane 

water electrolysis (AEMWE). AEMWE’s distinct advantages lie in its reliance on alkaline feeds, making it 

compatible with cost-effective platinum-group-metal-free (PGM-free) electrocatalysts. Therefore, the fabrication 

of highly efficient PGM-free electrocatalysts is imperative for fostering the commercial growth of AEMWE. 

Conventionally, electrocatalysts are prepared in powder form, then mixed with binders/ionomers, and applied 

onto supports through spraying or painting, a multi-stage fabrication approach that hinders precise control over 

physico-chemical properties and often results in undesirable by-products. Magnetron sputtering (MS) is thus 

emerging as an environmentally friendly, industrially scalable, and highly reproducible one-step fabrication 

technique for catalyst deposition1. MS enables precise control over the deposited catalyst properties, allowing for 

tailoring the composition of the material, optimizing its microstructure, and controlling the loading and thickness 

on the substrate. Moreover, MS can avoid the need to mix ionomers with catalysts, facilitating the development of 

self-supported electrocatalysts2. 

EXPERIMENTAL/THEORETICAL STUDY 

Herein, we present a versatile method for fabricating self-supported molybdenum disulfide (MoS2) 

electrocatalysts onto nickel fiber papers using Radio-Frequency (RF) MS at room temperature. A comprehensive 

ex-situ characterization of the physico-chemical properties was performed to evaluate the influence of sputtering 

parameters, using X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), and scanning electron 

microscopy with energy dispersive X-Ray spectroscopy (SEM-EDX). The hydrogen evolution reaction (HER) 

electrocatalytic performance of the as-sputtered thin films was assessed using a FlexCell® three electrode half-

cell setup, with a Pt wire serving as the counter electrode and a HydroFlex® electrode as the reference electrode. 

A solution of 1 M KOH served as the electrolyte. For benchmarking, a commercial available PGM-free 

electrocatalyst deposited on the same nickel fiber paper substrate, manufactured by Dioxide Materials, was used. 

RESULTS AND DISCUSSION 

XRD spectra showed no peaks corresponding to the crystalline phases of 

MoS2, indicating the amorphous structure of the samples. In contrast, XPS 

analysis demonstrated that slight variations in sputtering power influence the 

chemical bonding and oxidation states of the thin films. SEM-EDX revealed 

a rough surface morphology that closely followed the laminated nature of the 

substrate. Our electrochemical studies unveiled that the sputtering power 

also influences the HER performance of the MoS2 electrocatalysts. 

Intriguingly, the MoS2 sample deposited at the lowest sputtering power 

exhibited higher electrocatalytic activity for HER than the benchmark 

material (Fig.1).         

      Fig.1 Polarization curves of MoS2 samples compared to the substrate and benchmark 
CONCLUSION 

Our findings underscore the potential of RF-MS for depositing diverse catalyst motifs with precise control over both the 

physico-chemical and electrochemical properties. 
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INTRODUCTION 

Zeolite membranes are of great interest because they have a narrow pore size distribution on a molecular scale, as 

well as chemical and thermal stability. These membranes can be used as membranes to separate species in 

gaseous or liquid solutions1. These membranes are usually supported on tubes or plates made of high-cost 

materials such as alumina, silica, aluminum, or stainless steel1. In the synthesis of zeolites, organic structure-

directing agents are used, which then have to be removed to activate the membrane pores by calcination. This 

process can result in the formation of cracks in the membrane, reducing its separation efficiency. In addition, 

organic structure-directing agents are expensive, usually toxic, and generate polluting gases during calcination2. 

Therefore, this work aims to prepare ZSM-5 zeolite membranes on supports made from rice husk ash and α-

alumina using the hydrothermal treatment technique. Also, the effect of the rice husk ash on membrane 

performance is evaluated. 

EXPERIMENTAL/THEORETICAL STUDY 

The zeolite membranes were prepared on ceramic supports prepared from pure alumina (M1) and supports 

containing a mixture of alumina and rice husk ash (M2). Colloidal silica LUDOX® SM (Sigma Aldrich), sodium 

aluminate (Sigma Aldrich), sodium hydroxide (Dinâmica), and deionized water were used to prepare the synthesis 

solution with a molar composition of SiO2: 0.3 Na2O: 0.01 Al2O3: 114 H2O. The zeolite membranes were 

prepared by secondary hydrothermal techniques, which include a seeding stage for the support and a 

hydrothermal treatment stage. The experimental procedure also includes pre-synthesis cleaning of the support, 

preparation of the seed suspension, preparation of the synthesis solution, and post-synthesis treatment. The 

residual powder and membrane were characterized by X-ray diffraction (XRD) to identify the crystalline phase. 

The M1 and M2 membranes were photographed by scanning electron microscopy (SEM) to determine the 

morphology and thickness of the zeolitic layer. Gas permeation was performed in the membranes for the single 

gases helium, carbon dioxide, and nitrogen. 

RESULTS AND DISCUSSION 
It was found that just one synthesis cycle was enough to obtain a continuous and homogeneous zeolite membrane. For both 

membranes, the permeance is higher for helium gas and lower for carbon dioxide as shown in Figure 1. 

 

  
Fig. 1 Cross-sectional micrographs at 50x magnification of the M2, the diffractogram of the powder formed during the 

hydrothermal synthesis, and gas permeances. 

CONCLUSION 

The prepared membranes showed satisfactory results in terms of morphology, composition, and gas permeation. 
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