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Welcoming Message 

 

Dear Colleagues, 

 

The 7th International Conference on Green Chemistry and Sustainable Engineering (GreenCHEM-26) will be 

held in Gran Canaria, Canary Islands, Spain, from 22 to 24 July 2026. The conference will include renowned 

plenary and keynote speakers, oral presentations, poster sessions and technical conferences related to green 

chemistry, sustainable engineering, circular economy, renewable resources, environmentally friendly processes 

and related fields. 

 

This Abstracts Book gathers the contributions accepted for presentation at GreenCHEM-26 and provides a 

reference volume for participants, authors and readers interested in the scientific topics covered by the conference.  

 

On behalf of the Organizing Committee, I would like to wish all participants a productive and enjoyable 

conference, with valuable opportunities to share knowledge and establish new research relationships. 

 

Looking forward to welcoming you in Gran Canaria! 

 

Yours sincerely, 

 

The GreenCHEM-26 Organizing Committee 
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147 · Poster Presentation 

From hormesis to synergy: decoding the ecotoxicity of bentazone-imazalil-diclofenac 

mixtures under Albufera lake conditions 

T. Girona-Albuixech, M. García-Gabaldón, J.J. Giner-Sanz, V. Pérez-Herranz, M.T. Montañés 

IEC Group, ISIRYM, Universitat Politècnica de València, Camí de Vera s/n, 46022, València, Spain 

 

1. Introduction – The increasing presence of micropollutants in reclaimed water poses a major challenge for sustainable water 

management, particularly in sensitive ecosystems such as the Albufera Natural Park (Valencia, Spain), recognized as a 

"Wetland of International Importance". Among them, the herbicide bentazone (BTZ), the fungicide imazalil (IMZ), and the 

drug diclofenac (DCF) are frequently detected and may coexist [1-2], leading to complex mixture effects. This work aims to 

evaluate the individual and combined ecotoxicity of these three contaminants under similar conditions of the Albufera, and to 

develop a predictive model for mixture ecotoxicity. 

2. Experimental - Ecotoxicity was assessed using Lactuca sativa seed germination tests in accordance with US EPA OPPTS 

850.4200. Individual EC50 (5 days) values were determined for each pollutant. Subsequently, 64 mixtures combining BTZ (0, 

300, 600, and 900 mg L⁻¹), IMZ (0, 3.3, 6.7, and 10 mg L⁻¹) and DCF (0, 133.33, 266.67, and 400 mg L⁻¹) were prepared in 

the presence of NaCl (0.46 g L⁻¹) and Na2SO4 (1.3 g L⁻¹), simulating Albufera lake salinity conditions. A statistical model was 

developed to describe the decrease in root elongation as a function of micropollutants concentrations. 

3. Results and Discussion - The EC50 (5 days) values 
obtained were 900 mg L⁻¹ for BTZ, 10 mg L⁻¹ for IMZ, 
and 370 mg L⁻¹ for DCF, confirming IMZ is roughly 
100-fold more toxic than BTZ and threefold more 
toxic than DCF on a molar basis. BTZ exhibited a 
hormetic effect: root elongation increased relative to 
the ultrapure-water control at concentrations 
≤200 mg L⁻¹, with a maximum at 100 mg L⁻¹, before 
declining at higher levels.  
A comprehensive mixture study (64 binary/ternary 

combinations) was modelled using a second-order 

response surface equation linking the decrease in root 

elongation (DRE) to the concentrations of the three 

pollutants. The model predicts the EC₅₀ surface for any 

mixture; key inflexion points were identified at 610 mg L⁻¹ BTZ for the BTZ–IMZ pair and 

306 mg L⁻¹ BTZ for the BTZ–DCF pair. Pairwise interaction analysis showed strong 

antagonism for BTZ - IMZ pair, synergism for BTZ - DCF pair, and overall antagonism for most ternary mixtures, although a 

subset (≈15 %) displayed synergistic ecotoxicity when BTZ was present at an intermediate concentration (≈600 mg L⁻¹) 

together with low IMZ (3.3 mg L⁻¹) and low DCF (133–267 mg L⁻¹). 

4. Conclusions - The combined presence of BTZ, IMZ and DCF significantly reshapes ecotoxicity through hormesis and non-

additive interactions (antagonism/synergism). The predictive model delivers quantitative EC₅₀ thresholds and interaction maps, 

enabling robust mixture risk assessment. These results provide a scientific basis for safer water reuse in the Albufera watershed 

and for achieving the ≥80% micropollutant removal target established by EU Directive 2024/3019. 

5. References 

[1] S. Calvo, S. Romo, J. Soria, Y. Picó, Sci. Total Environ., 774, (2021) p. 145009. 

[2] Y. Soriano, E. Doñate, S. Asins, V. Andreu, Y. Picó, Chemosphere, 364, (2024) p. 143199. 

Acknowledgments - The authors thank the financial support from the ThinkInAzul programme, supported by MCIN with 

funding from European Union NextGenerationEU (PRTR-C17.I1) and by Generalitat Valenciana (GVA-

THINKINAZUL/2021/013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Image 1. Pollutants in the Albufera lake 

Image 2. Intersections between the 
Cartesian planes and the predicted 

EC50 (5 days) values towards 
Lactuca sativa for solutions with       

BTZ, IMZ and DCF in the presence 
of NaCl    (0.46 g L−1) and Na2SO4 

(1.3 g L−1). 
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Electrooxidation vs photoelectrooxidation: effects on ecotoxicity in bentazone–

imazalil–diclofenac mixtures 

T. Girona-Albuixech, M. García-Gabaldón, V. Pérez-Herranz, M.T. Montañés 

IEC Group, ISIRYM, Universitat Politècnica de València, Camí de Vera s/n, 46022, València, Spain 

1. Introduction – The presence of micropollutants mixtures in reclaimed water 

challenges sustainable water reuse, as pollutant removal does not necessarily imply 

toxicity reduction. This issue is particularly relevant in sensitive ecosystems such as 

the Albufera Natural Park (Valencia, Spain), where bentazone (BTZ), imazalil (IMZ) 

and diclofenac (DCF) have been detected [1-2]. In this context, electrooxidation (EO) 

and photoelectrooxidation (PEO) are evaluated as green treatment technologies, using 

the Albufera system as a representative case study to assess the relationship between 

pollutant degradation and ecotoxicity. 

2. Experimental - BTZ, IMZ and DCF were treated individually (100 mg L⁻¹) and as 

a ternary mixture (33.3 mg L⁻¹ each) by EO and PEO in a 250 mL quartz reactor, 

using a ceramic Sb-doped SnO₂ anode coated with Bi2WO6 photocatalyst and a 

stainless steel cathode. Experiments were conducted for 4 h at two current intensities 

(0.2 and 0.6 A), in the absence and presence of light (xenon lamp). The supporting 

electrolyte consisted of 0.46 g L⁻¹ NaCl and 1.3 g L⁻¹ Na2SO4, simulating Albufera lake 

conditions. Degradation was monitored by UV–Vis spectrophotometry, while mineralization was 

evaluated by total organic carbon (TOC) analysis. Ecotoxicity was assessed using Lactuca sativa seed germination tests based 

on root elongation inhibition after 5 days of exposure. 

3. Results and Discussion - At 0.6 A, PEO achieved the highest 

mineralization, reaching 61.1% for the ternary mixture, slightly above EO 

(60.2%). Among individual compounds, IMZ showed the highest 

mineralization (up to 63.7%), followed by BTZ and DCF. However, 

ecotoxicity trends revealed that degradation did not always imply toxicity 

reduction. For BTZ and DCF, EO at 0.6 A increased toxicity compared to the 

initial solutions, which were low toxic. This is due to the formation of 

secondary oxidants such as chlorine/chlorates and persulfates. In contrast, 

IMZ ecotoxicity decreased significantly after treatment, indicating effective 

toxicity reduction. 

 

For the ternary mixture, toxicity was initially high due to the 

IMZ presence but decreased with treatment, reaching values 

considered non-toxic towards Lactuca sativa at 0.6 A, 

particularly under PEO. This improved performance is 

attributed to the combined electrochemical and photochemical 

generation of reactive species (●Cl, ●HClO and SO₄●⁻), which 

enhance mineralization while limiting the accumulation of 

toxic intermediates. 

 

4. Conclusions – EO and PEO effectively remove BTZ, IMZ 

and DCF, but their impact on ecotoxicity depends on the 

treatment conditions. While high current intensities enhance 

mineralization, they may increase toxicity for initially low-

toxic compounds due to by-product formation. In contrast, 

highly toxic IMZ and the ternary mixture show a net toxicity 

reduction after treatment. PEO provides a better balance between degradation/mineralization and ecotoxicity, highlighting its 

potential as a sustainable strategy for safer water reuse. 

5. References  

[1] S. Calvo, S. Romo, J. Soria, Y. Picó, Sci. Total Environ., 774, (2021) p. 145009.  

[2] Y. Soriano, E. Doñate, S. Asins, V. Andreu, Y. Picó, Chemosphere, 364, (2024) p. 143199.  

Acknowledgments - The authors thank the financial support from the ThinkInAzul programme, supported by MCIN with 

funding from European Union NextGenerationEU (PRTR-C17.I1) and by Generalitat Valenciana (GVA-

THINKINAZUL/2021/013). 

 

 

 

Pollutant 

BTZ        

100 mg 

L
−1

 

IMZ       

(100 mg 

L
−1

) 

DCF       

(100 mg 

L
−1

) 

BTZ+ 

IMZ+DCF 

(33.33 mg L
−1 

each) 

EO 

0.2 A 19.9 27.9 47.7 33.0 

0.6 A 54.5 45.7 52.6 60.2 

PEO 

0.2 A 33.4 32.0 43.9 43.3 

0.6 A 62.4 63.7 58.7 61.1 
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Influence of Extraction Conditions on the Phytochemical Composition of Alfalfa 

Protein Concentrates 

A. Ghendov-Mosanu (1), A. Gurev (1), I. Ciugureanu (1), V. Bulgaru (1) 

(1) Technical University of Moldova. 

 

1. Introduction - In recent years, contemporary dietary patterns have been increasingly influenced by ethical, environmental, 

and health-related considerations, thereby fostering a growing interest in alternative plant-based protein sources [1]. Alfalfa 

(Medicago sativa L.) is cultivated across Europe on approximately 2.5 million hectares, with over 65% of the total area 

concentrated in Italy, France, Romania, and Spain [1]. The principal value-added product derived from Medicago sativa L. is 

alfalfa protein concentrate (APC). This study aimed to investigate the effect of extraction conditions on the phytochemical 

content (chlorophyll and carotenoid content) of APC. 

2. Experimental - The local alfalfa (Medicago sativa L.) variety “Dimitra” was utilized. Eight APC samples were prepared as 

follows: S1, S3, S5, and S7 were obtained via conventional extraction, whereas S2, S4, S6, and S8 were produced using 

ultrasound-assisted extraction (UAE, 15 min, 25 °C, 37 kHz). The effect of extraction pH (5.6 for samples S1–S4 and 9.0 for 

samples S5–S8), as well as the type of organic acid employed for isoelectric precipitation (lactic acid for S1, S2, S5, and S6; 

citric acid for S3, S4, S7, and S8), was evaluated. The content of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll 

(TChl), and carotenoids (CC) were determined spectrophotometrically [2]. Statistical analysis, performed using paired t-tests 

(S1–S2, S3–S4, S5–S6, and S7–S8), was applied to evaluate the influence of the extraction method on pigment content. 

3. Results and Discussion - The content of Chl a, Chl b, TChl, and CC was determined in methanol extracts obtained from 

APC samples (S1–S8). These values were approximately 100-fold lower than those measured in methanol extracts derived 

directly from alfalfa. The reduced pigment levels in APC samples can be primarily attributed to the use of a hydrophilic solvent 

during extraction. The results indicated that samples obtained by UAE exhibited significantly lower pigment concentrations (p 

< 0.05) in all cases. Further analysis demonstrated that CC was affected only by the pH of the extraction medium and the type 

of acid used for isoelectric precipitation. In particular, no statistically significant differences were observed between samples 

S1 and S3 (p = 0.37), suggesting that the type of acid used (lactic or citric) had a negligible effect on total chlorophyll content. 

Statistical evaluation of two groups of samples (S1–S4 and S5–S8) to assess the effect of pH on TChl revealed significantly 

higher values (p < 0.05) in samples extracted under alkaline conditions. 

4. Conclusions - Pigment levels (chlorophylls and carotenoids) in APC were markedly lower than in raw alfalfa, mainly due 

to the limited solubility of these compounds in aqueous extraction media. UAE resulted in significantly lower pigment contents 

compared to conventional methods. Carotenoids and total chlorophyll were only slightly influenced by the type of acid used 

for isoelectric precipitation, whereas extraction pH had a more pronounced effect, with alkaline conditions promoting higher 

chlorophyll retention. 

5. References 

[1] A. Gurev, V. Bulgaru, I. Ciugureanu, N. Netreba, V. Dragancea, I. Dianu, I. Sandu, M. Mazur, T. Mitina, N. Bandarenco, 

et al., Foods, 14, (2025) 4309. 

[2] N. Sumanta, C.I. Haque, J. Nishika, R. Suprakash, Res. J. Chem. Sci., 4, (2014) 63–69. 
Acknowledgement - The authors would like to thank the National Project Stimulating Excellence in Research of National 

Agency for Research and Development of Moldova 25.80012.5107.21SE “Optimization of the extraction technology of protein 

concentrates from alfalfa (Medicago sativa L.) for the manufacture of new food products”, being implemented at the Technical 

University of Moldova. 
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Biocompatibility assessment of Lactobacillus delbrueckii in terpenoids based deep 

eutectic solvents 

S. Sánchez-Segado(1), M. J. Salar García(1), V. M. Ortiz Martínez(1), C. Godinez(1) 

(1) Department of Chemical and Environmental Engineering, Polytechnic University of Cartagena, C/ Dr. Flemming s/n, 

30202 Cartagena, Spain. 

 
1. Introduction  

Deep eutectic solvents (DES) have emerged as promising green alternatives to conventional solvents, particularly in 

biotechnological and pharmaceutical applications. Among them, terpenoid-based DES are of growing interest due to their 

natural origin, low toxicity potential, and physicochemical properties. However, their compatibility with living microorganisms 

remains insufficiently understood. In this study, we evaluate the biocompatibility of terpenoid-based DES using Lactobacillus 

delbrueckii as a model organism. A series of DES formulations were prepared using natural terpenoids as hydrogen bond donors 

combined with suitable hydrogen bond acceptors. The effects of these solvents on bacterial viability and metabolic activity 

were systematically investigated [1-2]. 

2. Experimental 

Batch fermentation assays were carried out in an orbital incubator at 37ºC and 150 r.p.m. The fermentation media was 

formulated using the Man-Rogossa-Sharpe freeze dried broth to which a suitable volume of the selected DES was added to 

reach a phase ratio 1:1. After 48 h incubation, the phases were placed in a decanter until a clear phase separation was observed. 

Total sugars were determined by the phenol-sulfuric acid method, lactic acid was determined by treating the samples with a 

0,5% w/v FeCl3 solution and measuring the sample absorbance at 400 nm. The results were compared with control batches in 

which no DES was no added. 

3. Results and Discussion - Results indicate that certain DES formulations exhibited inhibitory effects on L. delbrueckii. 

However, partial biocompatibility has been demonstrated, maintaining metabolic activity and acceptable lactic acid yields. 

These findings highlight the importance of careful formulation when integrating DES into bioprocesses involving live 

microorganisms. 

4. Conclusions  

This work provides valuable insights into the interaction between terpenoid-based DES and lactic acid bacteria, supporting 

their potential application in sustainable biotechnological systems while identifying key limitations for their use. 

5. Acknowledgements - The authors wish to acknowledge the Fundación Séneca financial support under the action 

FS/10.13039/100007801 (22620/PI/24). Spain.  

6. References 

[1] N. Vidal, M. Ventura, F. Martínez, J.A. Melero, Sep. Purif. Technol., 2024, 346, 127540 

[2] H. Kebaili, A. Pérez de los Ríos, et al., Front. Mater., 2020, 7. 
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Evaluation of Electrode Materials for Hydrogen Production in Microbial 

Electrolysis Cells 

V.M. Ortiz-Martínez1, P.A. García-Soto1, M.J. Salar-García2, S. Sánchez-Segado1, L.J. Lozano-Blanco1  
1Department of Chemical and Environmental Engineering, Technical University of Cartagena (UPCT) member of European 

University of Technology EUT+, Campus Muralla Del Mar, 30202, Cartagena, Spain. 

2Department of Chemical and Environmental Engineering, Technical University of Cartagena (UPCT) member of European 

University of Technology EUT+, Campus Alfonso XIII, Aulario C, 30203, Cartagena, Spain. 

 

1. Introduction – Microbial electrolysis cells (MEC) have emerged as a promising technology for sustainable hydrogen 

production from organic substrates. These systems are based on the activity of electroactive microorganisms, which oxidize 

organic matter at the anode and transfer electrons to the cathode, where hydrogen 

evolution occurs with application of a small external voltage [1]. One of the key 

factors affecting MEC performance is the selection of electrode materials, as they 

directly influence microbial adhesion, electron transfer efficiency, and catalytic 

activity for hydrogen evolution. Carbon-based materials such as graphite rods, 

carbon brushes, and carbon cloth are widely studied due to their conductivity, 

chemical stability, and relatively low cost [2]. 

The objective of this work is to evaluate the influence of different electrode 

configurations and operational conditions on hydrogen production in MEC 

systems, focusing on combinations of graphite rods and graphite granules, carbon 

cloth, and carbon brush electrodes. 

2. Experimental – Single-chamber MECs were constructed and operated under 

laboratory conditions. Different configurations of anode and cathode materials were tested, including graphite rods and carbon 

brushes as anodes, and carbon cloth as cathode material. The cathode support varied between metallic mesh and graphite rod. 

The systems were inoculated with mixed microbial cultures obtained from wastewater treatment sources and fed with synthetic 

wastewater. Operational conditions such as nitrogen purging and agitation were also evaluated to assess their impact on 

hydrogen production. Several experimental runs were conducted combining the different materials and conditions described, 

allowing for a comparative assessment of system performance. 

3. Results and Discussion - Preliminary results indicate that MEC performance is strongly influenced by electrode materials 

and operational conditions. The most promising configurations were those combining nitrogen purging with graphite-based 

cathode support, as well as systems using carbon brush anodes. Nitrogen purging appeared to enhance hydrogen production by 

maintaining anaerobic conditions at the cathode. In addition, carbon brush anodes showed improved performance, likely due 

to their higher surface area, which promotes biofilm development and more efficient electron transfer. Overall, the results 

highlight the importance of optimizing both electrode materials and operating conditions in MEC systems. 
4. Conclusions - Electrode materials and pretreatment conditions significantly affect MEC performance  Carbon brush anodes 

and nitrogen purging showed the most favorable behavior. 

5. References 
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1. Introduction – Brown seaweeds are promising renewable resources for obtaining bioactive fractions with potential 

applications in biomedical and biotechnological fields. Their value is mainly associated with the presence of sulfated 

polysaccharides, phenolic compounds, pigments, vitamins, and other bioactive constituents, whose composition and 

functionality are strongly influenced by the seaweed species and the extraction process. Among green extraction technologies, 

pressurized hot water extraction offers a sustainable alternative for recovering these compounds, since it relies on water as the 

extraction medium and avoids the use of organic solvents. This approach is particularly relevant for comparing different brown 

seaweed biomasses and identifying extracts with enhanced biological potential [1,2]. This study aimed to assess pressurized 

hot water extraction as a green strategy to recover and compare bioactive fractions from Sargassum muticum and Ascophyllum 

nodosum. 

2. Experimental - Bioactive liquid fractions were obtained from S. muticum and A. nodosum by pressurized hot water extraction 

under non-isothermal conditions at 170 and 160 °C, respectively, using a solid-to-liquid ratio of 1:30 (w/w). The selected 

conditions were based on previous optimization studies focused on maximizing fucoidan recovery. The resulting extracts were 

evaluated for phloroglucinol content, TEAC antioxidant activity, sulphate and oligosaccharide contents, and functional group 

composition by Fourier-transform infrared spectroscopy. 

3. Results and Discussion - The phloroglucinol content was similar in the extracts obtained from A. nodosum and S. muticum, 

suggesting comparable levels of phenolic compounds under the extraction conditions evaluated. However, the A. nodosum 

extract showed higher antioxidant activity, expressed as TEAC value, together with greater fucose and sulphate contents. These 

results indicate that A. nodosum provided a more enriched extract in fucoidan-related components and exhibited a stronger 

antioxidant response than S. muticum.  

4. Conclusions - Pressurized hot water extraction proved to be an efficient and sustainable strategy for recovering bioactive 

fractions from brown seaweeds. Among the species evaluated, A. nodosum showed the most promising profile due to its higher 

antioxidant activity and greater fucose and sulphate contents, supporting its potential as a suitable biomass for the development 

of functional ingredients. Further studies focused on the structural characterization and biological validation of these fractions 

could contribute to their future development as marine-derived ingredients for biomedical applications. 
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1. Introduction - The ATEMBIO project explores the use of membrane technology, particularly diffusion dialysis, as a strategy 

to recover biosurfactants (BS) from corn steep waters (CSW), aiming to achieve a technology readiness level (TRL) between 

4-6. In this context, dialysis is proposed as an innovative and environmentally sustainable approach for the downstream 

processing of secondary metabolites. Therefore, the obtained BS extract by pilot-scale dialysis process could be considered as 

potential ingredient for cosmetic applications. 

2. Experimental - A pilot-scale dialysis unit, manufactured by Mech-Chem (USA), equipped with 6-8 kDa regenerated 

cellulose membranes were used to process CSW in an open configuration at 4ºC. Centrifuged and pH-adjusted (pH 6.5) CSW 

was pumped at 0.56 L/h·m2 to the dialysis unit and counter current was pumped Milli-Q water at 1.90 L/h·m2. Once the BS 

extract has been obtained, it is freeze-dried for different assays. The study variables included the type of BS extract (lab-scale 

and pilot-scale dialysis processes), the BS extract concentration (0.5 and 1% w/v), and different types of mica (M010, M75, 

and M600) with particle size from 6.5 to 354.9 μm. In this way, emulsifying capacity was carried out by mixing mica (1% w/v), 

BS extract in aqueous solution (0.5 or 1% w/v) and finally tocopherol (50% w/v) in a total emulsion volume of 4 mL. Mixtures 

were homogenized using vortex for 2 minutes at room temperature. Emulsion height was measured for 1 month to determine 

relative emulsion volume (EV%) and stability (ES%). Furthermore, the volume (%) and particle size (μm) distribution of 

emulsions was assessed by dynamic light scattering (DLS) in the particle size range from 40 nm up to 2000 μm using a particle 

size analyzer model LS 13 320 (Beckman Coulter, Spain); and the emulsion droplets were observed under a Nikon Eclipse 

E800 optic microscope equipped with a Nikon camera. All assays were carried out following the procedure described in 

previous works and performed in triplicate [1]. 

3. Results and Discussion - The emulsion results indicate that the BS extract concentration plays a key role, being required a 

concentration of 1% to achieve EV values of around 70%. Regarding the type of BS extract, the extract obtained through the 

pilot-scale dialysis process showed better performance for all the micas tested. Concerning the type of mica, M010 and M75 

exhibited very similar EV values, ranging from 59 to 69.8%, whereas the best results were obtained with mica M600, with 

values between 59 and 75.1%. In this last case, Pickering emulsions displayed ES values of 95% in the presence of the BS 

extract from pilot-scale dialysis process and 61% in its absence after one month. 

4. Conclusions - This study demonstrates the successful production of a biosurfactant extract using a pilot-scale dialysis process 

as an alternative to conventional biosurfactant recovery methods. Its emulsifying property highlights its potential for promising 

applications in the cosmetics sector. 
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1. Introduction – The design and production of coatings that protect against the formation of biofilms and the negative effects 

of biological corrosion is one of the biggest challenges facing the world of materials technology today. Biological corrosion 

involves the undesirable growth of microorganisms, particularly fungi, bacteria and algae, on various substrates, with numerous 

serious consequences. Recently, materials exhibiting amphiphilic properties have become increasingly interesting in the global 

search for materials with specific properties [1-2]. Amphiphilic compounds are multifunctional and are developing dynamically 

because they combine chemical, biological and physical research.  Their specific structure makes them surface-active. This 

makes them ideal for use in obtaining anti-fouling or self-cleaning protective coatings for materials such as wood, glass and 

different building materials [3-4]. 

2. Experimental - Experimental - The method of successive hydrosilylation with two different olefins was used to introduce 

functional groups into the system in a controlled manner (FT-IR and FT-IR insitu). This method makes it possible to obtain a 

derivative with precisely defined surface parameters. The resulting compounds were characterised using spectroscopy (NMR), 

and its thermal stability (TGA,DSC) were determined. Protective coatings for glass, wood and concrete surfaces were prepared 

using functionalised siloxanes. Biological studies were then conducted. The aim of these studies was to test the effectiveness 

of the synthesised compounds in preventing algal colonisation of the impregnated surface. Changes in chlorophyll fluorescence 

intensity chlFI were measured in microalgae cells that had been grown on the modified substrate for 21 days and were then 

compared with control samples. 

3. Results and Discussion - Comprehensive synthetic and application studies were conducted. The preparation methods, 

including the selection of appropriate modifiers and solvent concentrations, and the coating application were optimised 

depending on the type of substrate being modified. It was clearly demonstrated that the number and type of functional groups 

are crucial for effectively protecting the substrate against algae colonisation. In some cases, the chlFI value decreased by 97.6%. 

Importantly, the proposed components contain no harmful additives. 

4. Conclusions - It has been proven that synthesised amphiphilic silicones are effective in counteracting biological corrosion 

on various types of substrates. This environmentally friendly solution eliminates the need for harmful biocides and is effective 

due to the structure of the siloxane compound and the selection of the right functional groups. Water-based impregnators have 

been shown to be highly effective in the case of surface impregnation, making them a very ecological solution. 
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Aim of the research – Something which is done with big and expensive reactors can also be achieved electrochemically with 

very small apparatus: in substituting high pressures by concentration (collision rate) and high temperatures by voltage (kinetic 

energy). The challenge is shifted from mechanical engineering and metallurgy to electronics. Remember electronics is cheaply 

available, see ref. [1] 

Making fuel out of charcoal – an experimentally proven example. Let’s call it “Fischer-Tropsch for little men”. The anode of 

an electrochemical cell consists of long carbon fibers (from aircraft construction) in which particles of charcoal are pressed 

mechanically in order to achieve an allover electrical contact. The electrolyte may be concentrated KOH or H2SO4. The applied 

power is DC modulated by a pulse pattern with variable pulse width, frequency and amplitude. At the EMR2017, in Lisbon 

(unfortunately no proceedings), the author reported coincidence of theory and experiment that according to the applied pulse 

pattern either only CH4 ,or only some CxHy ,or when applying a reverse peak with an inductance also some CxHyOz , could 

be selectively produced. The pulse parameters are documented in detail in the patent cited, see ref. [2] 

Fuel cell for burning hydrocarbons into solid carbon deposited on the anode – when you succeed to chemically split a 

liquid fuel into carbon, deposited on the anode, and reacting the hydronium ions on the cathode with the oxygen of the air, 

gaining voltage, you have to spend up to one quarter of the energy you get out into said splitting process. You can regard this 

as a cheap and easy to handle hydrogen storage, or you can say that it is waste of not burning the carbon atoms just for silly 

environmental protection. When writing the abstract, the author could proof experimentally said molecular splitting process 

and not yet the reaction with the oxygen of the air. Again it happened with a dedicated pulse pattern. We will discuss how the 

construction of the hardware could be improved in order to bring the reaction with the oxygen of the air to a success. 

Improving reaction speeds with radio frequencies superimposed on the electrode – for hydrogen electrolyses this had been 

demonstrated by Dharmaraj et al, see ref. [3]. In order to proof this mathematically the author wrote a FORTRAN code in 

folding the telegrapher ́s equations, see ref. [4] with the Franck-Condon principle, and ended up at exactly the same frequency 

and amplitude range as reported in the experiment in ref. [3]. It is intended to install said RF when the above mentioned problem 

with the hydronium-oxygen reaction will be solved. 
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1. Introduction Corn steep waters (CSW), a by-product of the wet milling of corn, emerges as a direct and cost-effective source 

of biosurfactants (BS). In this context, ATEMBIO project proposes the use of membrane technology, specifically dialysis 

process, as an innovative and environmentally friendly alternative for BS downstream processing. The main objectives are to 

increase the technology readiness level (TRL) from 1-3 (lab scale) to 4-6 (pilot-plant scale) of the dialysis process, and to 

compare the biochemical composition of the BS extracts obtained by both scales. 

2. Experimental - CSW was first centrifuged to remove suspended solids, and its pH was adjusted to 6.5. For the lab-scale 

process, CSW was placed inside a dialysis tubing membrane and dialyzed against 1 L of Milli-Q water for 48h at 4 °C. In 

contrast, at pilot-scale, CSW was continuously fed into a dialysis unit at 0.56 L/h·m², while Milli-Q water flowed in counter-

current at 1.90 L/h·m² at 4 °C; three pilot-scale batches were performed. In both cases, regenerated cellulose membranes with 

a molecular weight cut-off of 6-8 kDa were used. Thus, biochemical composition of the dialyzed and lyophilized BS extracts 

was carried out following previous works [1]. The carbohydrate content was quantified using the phenol-sulfuric acid assay at 

490 nm, employing D-glucose as calibration standard. Protein concentration was measured at 690 nm according to the method 

described by Lowry et al. using Bovine Serum Albumin as reference standard. It is important to highlight that protein 

concentration was quantified using the standard addition method to remove the influence sample matrix (BS extract). Gas 

chromatography coupled with a flame ionization detector (GC-FID) (Agilent 7820A GC System) was used to determine the 

fatty acid composition. Finally, an elemental analyzer (Fisons Carlo Erba EA-1108 CHNS-O, LabX, Midland, ON, Canada) 

was employed to quantify carbon (C), hydrogen (H), nitrogen (N), and sulfur (S). Statistical analysis of data was performed by 

means of the SPSS 24.0 Statistics software (IBM Corporation, Armonk, NY, USA). One-way analysis of variance (ANOVA) 

using the Tukey-b post-hoc test (p<0.05) was employed to evaluate significant differences among the results reported. All trials 

were conducted by triplicate, and the experimental data represent the mean value and standard deviation of three determinations. 

3. Results and Discussion - The results indicated that proteins were the main component of the BS extracts (77-62%), followed 

by sugars (16-10%), while fatty acids were present in much lower amounts (<1%). Significant differences were observed 

between lab- and pilot-scale BS extracts, with the lab-scale dialysis process yielding higher protein (77%) and sugar (16%) 

contents compared to the pilot-scale BS extracts. However, almost no significant variations were found among the three pilot-

scale batches, thus demonstrating reproducibility in the biochemical composition of BS extracts obtained by this system. 

4. Conclusions - It can be concluded that the dialysis process can be scaled up to reliably produce BS extracts with a consistent 

and stable biochemical profile. Moreover, these results confirm that, based on the biochemical characterization, the BS extracts 

from CSW are composed mostly by glycoproteins. 
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1. Introduction - The concept of lignocellulosic biorefineries as a strategy to decarbonize and reconvert existing industrial 

infrastructure toward a more sustainable production model has attracted considerable attention. A wide range of value-added 

chemicals can be produced in such facilities. Among them, 5- hydroxymethylfurfural (HMF) stands out as one of the most 

important, often referred to as the “sleeping giant” of sustainable chemistry [1]. Most studies on HMF published over the past 

two decades have focused on optimizing reaction conditions. However, only a few have addressed the optimization of HMF 

separation operations, even though these operations account for the largest portion of biorefinery costs. Moreover, a significant 

fraction of the environmental footprint associated with HMF production has been attributed to these separation steps [2]. In this 

work, the economic and environmental impacts of the HMF separation process are evaluated under different operating 

conditions using several green solvents proposed in the literature [3] as extraction phase (EP) in the reaction stage (Image 1). 

Specifically, the solvents used were MIBK, ethyl acetate and methyl propionate, and the effects of (i) the initial sugar 

concentration in the reaction stage and (ii) the volumetric ratio of the reaction phase (RP) to the EP were studied. The different 

scenarios were designed and simulated using Aspen Plus. The economic and environmental sustainability of each case was 

assessed through techno-economic analysis (TEA) and life cycle assessment (LCA), using the total annualized cost (TAC) as 

economic metric, and the global warming potential (GWP) and the cumulative energy demand (CED) as environmental 

indicators. 

2. Results and Discussion - The TAC of the separation process decreases as the initial sugar concentration increases. Therefore, 

from an economic perspective, the results suggest that the reaction should be carried out at the highest possible initial sugar 

concentration. In contrast, the influence of the RP:EP ratio on TAC is irregular, and no general recommendation can be 

established regarding the most economical ratio. Nevertheless, the impact of this variable on cost is less significant than that of 

the initial sugar concentration. In addition, the lowest costs are achieved using MIBK, followed by methyl propionate. 

Environmentally, it is advisable to increase the initial sugar concentration as much as possible and reduce the amount of solvent 

used in the EP. Again, MIBK is the solvent with the lowest environmental footprint, achieving the lowest values across the 

environmental criteria evaluated. 

3. Conclusions - The most sustainable operating conditions for the HMF separation process, from both economic and 

environmental perspectives, are achieved by maximizing the initial sugar concentration (>2 wt%) and selecting an RP:EP 

volumetric ratio close to 1:1. Among the green solvents proposed in the literature, MIBK emerges as the most sustainable 

option, followed by methyl propionate and ethyl acetate. The most eco-efficient scenario is achieved with MIBK, using an 

initial sugar concentration of 50 wt% and employing an RP:EP ratio of 1:1, resulting in a TAC of 262.30 US$·tHMF
-1, a GWP 

of 0.87 kgCO2eq·kgHMF
-1, and a CED of 14.66 MJ·kgHMF

-1. 
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1. Introduction - Reducing the sodium content in bread represents a significant challenge for manufacturers, requiring the 

identification of innovative solutions to maintain product quality. Salt plays a fundamental role in breadmaking, influencing 

dough properties, fermentation, texture, flavor, and shelf life [1]. Bakery products typically contain salt concentrations ranging 

from 1.29% to 1.43%, while in some countries, preferences tend to be higher, possibly due to regional taste differences [2]. In 

the Republic of Moldova, approximately 1.85 g of salt is contained in 100 g of bread [1]. High salt consumption is directly 

associated with hypertension and cardiovascular diseases, and to address this issue, a reduction in daily intake to below 8 g/day 

is recommended [2]. The aim of this study was to investigate the sodium content in wheat bread samples by substituting refined 

salt with sea salt at different concentrations. 

2. Experimental - The research used wheat flour type 650, baker's yeast (Saccharomyces cerevisiae) and water. The bread 

samples were evaluated in terms of sensory quality [3] and sodium content. Sodium levels were analyzed in bread without 

refined salt (control sample) and at concentrations of 0.4%, 0.8%, 1.2%, and 1.6% (relative to flour quantity) using refined salt 

(NaCl), as well as by substituting it with three types of sea salt: SS1 (NaCl ranging from 12.5% to 17.5%), SS2 (sodium content 

< 100 mg), and SS3 (NaCl content up to 65%). Sodium content in bread samples was determined by atomic absorption 

spectroscopy, according to SR EN 14082:2003. 

3. Results and Discussion - The control sample showed the lowest sodium content due to the ingredients used in its 

formulation. In bread samples with refined salt, the sodium content in the 0.4%NaCl sample was 19 times higher than in the 

control, while in the 1.6%NaCl sample it was 75 times higher. For bread samples with SS1, the 0.4%SS1 sample had a sodium 

content three times higher than the control, while the 1.6%SS1 sample showed a 12-fold increase. In bread samples with SS2 

sea salt, sodium values were close to those of the control and did not exceed 7.41 mg/100 g. For samples with SS3, the lowest 

sodium value was observed in the 0.4%SS3 sample, which was 12.6 times higher than the control, while the 1.6%SS3 sample 

showed an approximately 50-fold increase. From a sensory perspective, the highest scores were obtained for samples containing 

SS3, which improved flavor by balancing sweetness and enhancing taste perception, while also strengthening the gluten 

network and improving dough elasticity and extensibility. 

4. Conclusions - The results demonstrate that replacing refined salt with sea salt is an effective strategy for reducing sodium 

content in wheat bread. The type and concentration of sea salt significantly influenced both sodium levels and sensory properties 

of the final product. However, excessive reduction or substitution may negatively affect dough functionality and product 

quality. Therefore, an optimal balance between sodium reduction and sensory acceptability is essential for the development of 

healthier bakery products. 
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Zanatta1,2 
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(2) Departamento de Química Física i Analítica, Universitat Jaume I, Castellón, Spain 

(3) Instituto de Ciencia Molecular (ICMol), Universitat de València, Calle Catedrático José Beltrán 

Martínez, 2, 46980, Valencia, Spain 

 

Rising atmospheric CO2 concentrations, largely driven by human activity, represent a major environmental challenge. The 

development of effective CO2 mitigation strategies is therefore critical. Coupling direct air capture with catalytic conversion 

into value-added products offers a compelling pathway, as these chemicals can serve as hydrogen storage media, solvents, 

components in battery systems, and versatile intermediates. Among the possible products, formate and cyclic carbonates are 

particularly attractive due to their stability and broad applicability. Formate is of interest as a liquid hydrogen carrier, while 

cyclic carbonates are widely used as polar aprotic solvents and as components in electrolytes for energy storage devices, adding 

value and supporting more sustainable chemical processes. 

In this view, porous materials, such as metal organic frameworks (MOFs), have emerged as potential candidates for carbon 

dioxide capture and transformation into the products aforementioned; and its association with ionic liquids (ILs) have been 

studied by our group as promising platforms for CO2 catalysis, since ILs present high CO2 affinity, tunable physicochemical 

properties, and capacity to stabilize reactive intermediates. In this study, porous materials modulated with ILs (MOF@IL) were 

synthetized and investigated to enable catalytic hydrogenation and cycloaddition for carbon dioxide transformation into useful 

products. 

A experimental study was conducted using tetrabutylammonium hydroxide (TBA.OH) as CO2 sorbent,capturing it in 

bicarbonate form (TBA.HCO3) by bubbling atmospheric air. The reaction parameters were evaluated several times until optimal 

conditions were established. Catalytic hydrogenation for formate generation was performed using the TBA.HCO3 as substrate 

in DMSO:H2O , Ru-based complex as catalyst and MOF@IL as co-catalyst, achieving formate yields of up to 75% under 

relatively mild hydrogen pressures (15 bar), 100 °C for 24 h. In parallel, cycloaddition reactions to generate cyclic carbonate 

were performed using epichlorohydrin (ECH) as substrate and MOF@IL as catalyst. The catalyses were performed in solvent-

free medium. The reaction present good conversion to cyclic carbonate, achieving >95% efficiency with pure CO2 and up to 

63% with flue gas (15% CO2). Overall, this work demonstrates that careful tuning of materials and operating conditions is 

essential forachieving efficient CO2 capture and conversion. The combined MOF@IL systems enable both 

Hydrogenation and cycloaddition pathways under relatively mild conditions, delivering good formate yields and high cyclic 

carbonate efficiencies. For this reason, the MOF@IL material is currently patent pending (application no. 102556/P10260). 

Finally, this study contributes to the development of versatile and energy- efficient CO2 utilization strategies, offering a 

promising route toward sustainable carbon valorization and circular chemical processes. 

This work is part of the I+D+I project PID2024-162763OA-I00, funded by MCIN/AEI/10.13039/501100011033 and by 

FEDER, UE (MZ). MZ and VP thank the funding received 

from “la Caixa” Foundation (ID 100010434) under the fellowship number LCF/BQ/PR24/12050016. The 

authors thanks to Agencia Valenciana de la Innovación (AVI) (código INNVA2/2024/12, 2024–2026) and 

Universitat Jaume I - UJI-2025-03 and GACUJIMA/2025/18. 
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Computational insights into lithium 12-hydroxystearate fibrils formation in 
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1. Introduction – Salts of fatty acids self-assemble into fibrillar structures in 

nonpolar media [1], forming networks that immobilize the solvent and produce 

lubricating grease. Although the macroscopic properties of greases have been 

extensively characterized experimentally, particularly through rheology, the 

molecular-level mechanisms underlying their formation and stability remain 

poorly understood. In this study, quantum chemical calculations were performed 

to determine the stacking behaviour of lithium 12-hydroxystearate (Li 12-HSA) 

molecules in nonpolar media. A series of plausible aggregate configurations, 

representing early-stage fibril formation, were constructed, and their geometries 

were optimized to evaluate relative stability through free energy analysis. The 

results identify the most favourable stacking motifs and the key intermolecular 

interactions responsible for their stabilization. These findings provide molecular-

level insight into soap thickener self-assembly and establish a physically grounded 

framework for understanding fibril network formation in lubricating greases. 

2. Experimental - Dispersion-corrected density functional theory (DFT) in the wB97X-D [2] form was used to study the 

structures and free energies of individual molecules and various molecular stacks. Geometry optimization was carried out with 

the 6-31G(d,p) basis set, while final molecular energies were calculated using the larger 6-311+G(3df,2p) basis set in single-

point calculations. The solvent effect was modeled with the CPCM polarizable continuum solvation model, using a dielectric 

constant of 2.00 to represent n-dodecane. Calculations were performed with the Gaussian 16 program package. 

3. Results and Discussion – The assembly of Li–12-HSA was systematically investigated from dimers to higher-order 

oligomers, including tetrameric and octameric forms, to elucidate the evolution of their structural organization and 

intermolecular interactions. Monomers of Li–12-HSA preferentially associate into dimers through a well-defined head-to-head 

orientation stabilized by a double O–Li–O coordination bridge. The formation of higher-order oligomers is primarily driven by 

intermolecular Li–O coordinate bonding between the O–Li–O bridges of adjacent dimers, providing a structural motif that 

promotes fibrillar growth. In the most stable tetrameric configuration, additional stabilization arises from an O–H···O hydrogen 

bond formed between uncoordinated hydroxyl groups of two dimer units. The most stable Li–12-HSA octamer, exhibiting 

significant interaction energy ΔG*INT = −125.67 kJ mol-¹, forms through transverse elongation, capturing the key features 

that govern subsequent assembly into fibril structures. Electrical interactions dominate aggregation, compared to smaller 

charge-transfer contributions, with both together surpassing the opposing destabilizing core interactions. The progressive 

increase in binding energy per monomer with cluster size indicates cooperative stabilization, whereby each additional subunit 

enhances the overall structural integrity of the assembly. This behaviour supports a self-reinforcing and thermodynamically 

favourable pathway toward the formation of larger supramolecular structures. 

4. Conclusions – DFT results provide a molecular-level understanding of Li–12–HSA self-assembly in nonpolar media, 

revealing a cooperative aggregation pathway in which Li–O coordination and hydrogen bonding are key stacking motifs that 

drive the growth of fibrillar structures, with increasing stability as cluster size increases. Further calculations on network 

formations are currently in progress.  
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Click assembly of small-molecule, zwitterionic materials exhibiting LCST thermo-

responsive property in water 

Yu-Qian Qiu, Yu-Ying Li, Yen-Ho Chu 

Department of Chemistry and Biochemistry, National Chung Cheng University, Chiayi 62102, Taiwan, ROC 

Ionic liquids offer a versatile platform for the structural engineering of zwitterionic materials (ZMs) with tunable thermo-

responsive (smart) properties. In this poster, we are reporting the concise chemical synthesis and preparation of a small library 

of ZMs via click chemistry, focusing on the systematic modification and optimization of the anionic moiety of structures in 

ZMs. Upon screening anions with various alkenyl and alkyl linkers, we investigated their impact on the lower critical solution 

temperature (LCST) behavior in aqueous environments. Our results show that ZMs carrying unique alkenyl linkers exhibit 

attractive LCST thermo-responsive property, highlighting the critical role of anion structure in phase transition with water.1  

Furthermore, these newly developed thermo-responsive ZMs were successfully applied as smart, biocompatible separation 

media for biological macromolecules. Utilizing the sharp phase transition behavior of the optimized ZM at its LCST threshold, 

we achieved outstanding performance in protein concentration, where the protein was significantly concentrated without 

structural denaturation. Finally, this platform demonstrated excellent efficiency in the affinity extraction and reversible recovery 

of lysine- 

rich peptides, completely avoiding the drawback of ion-exchange contamination found in traditional ionic liquids.2 
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Click-assembly of thermo-responsive zwitterionic imidazolium sulfonate materials 

Wen-Ting Hsiao, Yen-Ho Chu 
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The purpose of my thesis study is to aim at combinatorial discovery of thermo-responsive imidazolium sulfonate materials. 

These small-molecule zwitterions were rationally designed and chemically synthesized using a click reaction approach to 

conveniently assemble both cations and anions covalently together. By taking advantage of their intrinsic tunability in ionic 

ligand-based structures, we carried out structural engineering and systematic optimization of target zwitterionic materials 

(ZMs). As to organic cations, various alkyl chains of different lengths were introduced to finetune material thermo-responsive 

property and performance. For the anion part, anions bearing functional groups with differing hydrophilic or hydrophobic 

characteristics were selected and synthesized to produce the library of ZMs. This synthetic approach allowed us to investigate 

ZMs for their lower critical solution temperature (LCST) and/or upper critical solution temperature (UCST) phase transitions 

in aqueous environment, with a goal to ultimately deepen our understanding of how hydrophilic and hydrophobic structural 

features influence thermal responsiveness. 
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Development of thermo-responsive dipeptidyl zwitterionic materials 
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Dipeptide-based zwitterionic materials (ZMs) have emerged as promising candidates for biomedical applications due to their 

natural origin, structural tunability, and favorable biological properties. Derived from naturally occurring amino acids, these 

ZMs generally should exhibit insignificant cytotoxicity and enhanced biocompatibility compared to conventional ionic liquids 

(ILs) and IL-based materials, making them attractive for use in biological environments. 

This work aims to synthesize a new class of ZMs with improved biocompatibility by tailoring the dipeptide structure. 

Furthermore, we explore their thermo-responsive behavior by modulating the molecular architecture to induce lower critical 

solution temperature (LCST) or upper critical solution temperature (UCST) transitions. 
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Click assembly of small-molecule, zwitterionic materials exhibiting LCST thermo-

responsive property in water 
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Ionic liquids offer a versatile platform for the structural engineering of zwitterionic materials (ZMs) with tunable thermo-

responsive (smart) properties. In this poster, we are reporting the concise chemical synthesis and preparation of a small 

library of ZMs via click chemistry, focusing on the systematic modification and optimization of the anionic moiety of 

structures in ZMs. Upon screening anions with various alkenyl and alkyl linkers, we investigated their impact on the lower 

critical solution temperature (LCST) behavior in aqueous environments. Our results show that ZMs carrying unique alkenyl 

linkers exhibit attractive LCST thermo-responsive property, highlighting the critical role of anion structure in phase transition 

with water.1  

Furthermore, these newly developed thermo-responsive ZMs were successfully applied as smart, biocompatible separation 

media for biological macromolecules. Utilizing the sharp phase transition behavior of the optimized ZM at its LCST 

threshold, we achieved outstanding performance in protein concentration, where the protein was significantly concentrated 

without structural denaturation. Finally, this platform demonstrated excellent efficiency in the affinity extraction and 

reversible recovery of lysine-rich peptides, completely avoiding the drawback of ion-exchange contamination found in 

traditional ionic liquids.2 
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Sustainable Magnetic Harvesting and Reuse of Magnetic Particles for Enhanced 

Microalgae Recovery 
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(1) LEPABE - Laboratory for Process Engineering, Environment, Biotechnology and Energy, ALiCE—Associate 

Laboratory in Chemical Engineering, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, 4200-465 

Porto, Portugal. 

(2) (2)  Instituto de Biología Molecular y Celular del Cáncer, CSIC, Universidad de Salamanca (GIR Citómica), 

Salamanca, Spain 

(3) CEADIR—Centro de Estudios Ambientales y Dinamización Rural, Avenida Filiberto Villalobos, 119, 

37007 Salamanca, Spain 

1. Introduction – Microalgae are promising feedstocks for sustainable biotechnological applications including biofuels, 

wastewater treatment and high-value compounds. However, harvesting remains a major bottleneck due to high energy demand 

and cost[1-4]. Magnetic harvesting offers rapid separation and potential particle reuse. Recent studies have demonstrated high 

harvesting efficiencies and highlighted the need to evaluate environmental sustainability [1,2]. 

2. Experimental - Chlorella vulgaris was harvested using Fe3O4 magnetic particles combined with PAC and PAM. Biomass-

particle aggregates (a critical stage) were detached using alkaline treatment and a novel alternating magnetic field method. 

Environmental performance was assessed through gate-to-gate Life Cycle Assessment. (Image 1). 

3. Results and Discussion - Harvesting efficiencies above 90% were achieved within 2 min, while biomass recovery after 

detachment reached 99.2% by a gentle magnetic separation and oscillating method. Magnetic particles were successfully reused 

for four cycles. LCA identified electricity consumption and NaOH as the main environmental hotspots. Reusing magnetic 

particles (4 cycles) reduced material resource depletion by up to fourfold, which is a very relevant result bearing in mind the 

principles of sustainability and circularity. 

 

 

 

 

 

 

 

 

 

 

Image 1. Microalgae Recovery and Magnetic Harvesting through the Reuse of Magnetic Particles for Enhanced Microalgae Recovery Sustainability [1] 

 

 



 

 

GREENCHEM-26 Abstracts Book | Page 26 

ABSTRACTS BOOK 
7th International Conference on Green Chemistry and Sustainable Engineering, Canary Islands, 22-24 July 2026 

 

 

 

    a)      (b) 

Image 2. A) Efficiencies applying the magnetic oscillation detachment method; b) Improvement on mineral depletion due to 

reusability of particles [2] 

4. Conclusions - The proposed methodology combines efficient biomass recovery, magnetic particle reuse and improved 

environmental sustainability, supporting future scale-up of circular microalgae biorefineries. 
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1. Introduction – The global economy faces a critical circularity gap, w ith only 7.2% of materials being cycled back 

into the economy as of 2023. Concurrently, the proliferation of engineered nanomaterials (ENMs) presents a significant 

challenge to regulators regarding environmental and health legislation. When released into the environment, nanoparticles 

(NPs) undergo complex ageing processes, including chemical transformation, sulfidation, and heteroaggregation, which 

determine their environmental fate and ecotoxicological potential. This work explores two visions: 1) how magnetic materials, 

particularly magnetites, can act as sustainable agents for the Circular Economy, by enabling efficient recovery and reuse, and 

thus preventing the bioaccumulation of NPs in aquatic and terrestrial ecosystems; 2) the fate of nanoparticles, the current 

regulation and toxicity effects. 

2. Results and Discussion - The classification of nanomaterials is relevant to determine by category the fate followed by the 

nanomaterials.  In the last decade some regulatory aspects have been analyzed but there is still a lack of a comprehensive 

regulatory framework. Environmental risk assessment, including the fate of nanomaterials in air, soil, and water, is a complex 

process that stills requires more detailed analysis. In the present work current nanometrology techniques and the 

ecotoxicological effects of nanomaterials on living organisms will be reviewed. 

Improving circularity of magnetic particles reduces concerns about their fate by improving their sustainability. Authors has 

been applying the circularity principles  (see Image 1) in the magnetic particles application processes achieving important 

reductions in mineral depletion translated by a reduction in the associated environmental index (LCA – SOP). In fact, this 

circularity was achieved by the 4 steps: 1) Narrow (use less) – by the optimization of the manufacturing processes [1]; 2) 

Slow (use longer) - by the optimization of magnetic fields, devices and configurations; 3) Regenerate (make clean) – by 

regenerating the magnetic particles after their recovery from the process [2]; 4) Cycle (use again) – by the reuse of the 

circulated and regenerated magnetic particles, maintaining the efficiency of the process [2]. 

Image 1. Stages of Circularity 
 

3. Conclusions- Magnetic methods represent a "gentle" and sustainable alternative for environmental remediation. While 

nanotechnology presents unprecedented challenges due to knowledge gaps in NP characterization, the systematic recovery of 

MNPs offers an unparalleled opportunity for risk management. By integrating adaptive management and circular principles, it 

is possible to minimize the environmental impact of nanotechnology. This study, after a critical review on the current 

knowledge on the fate and toxicology of nanomaterials, concludes that the future of green engineering depends on developing 

methods that differentiate and recover engineered nanoparticles, ensuring that the benefits of nanotechnology do not result in 

long-term ecotoxicological consequences. 
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DFT investigation into catalytic and stability performance of x-Ru/CeO2 (x = Ni, Fe, 

Co and Ru) double atom catalysts (DACs) for NH3 decomposition to Hydrogen. 
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 (3) School of Engineering, Newcastle University, Newcastle upon Tyne NE1 7RU, UK 

 
1. Introduction – This study investigates the catalytic performance and stability of double atom catalysts (DACs) consisting 

of a non-noble metal (Co, Fe, Ni) single atom catalyst (SAC) and a ruthenium (Ru) SAC for hydrogen production via 

decomposition of ammonia (NH3). The study employed density functional theory (DFT) approach to understand the catalytic 

performance of the double atom catalysts. The DFT was used to calculate the binding 

energies of NH3 and its reaction intermediates (NH2, NH, N, H, N2 and H2) during 

the decomposition in the presence of the DACs. Other properties investigated 

included DAC binding energies on CeO2 support as reaction and activation energy. 

The results reveal that non-noble metal with Ru DACs exhibit enhanced catalytic 

activity and stability.  The rate-determining step for the DACs were 1.86 eV, 1.91 

eV, and 2.07 eV for Co-Ru, Fe-Ru, and Ni-Ru, respectively. Additionally, nitrogen 

(N₂) formation over these DACs was investigated, yielding activation energies of 

0.75 eV, 0.74 eV, and 0.33 eV, and reaction energies of −3.60 eV, −3.59 eV, and 

−1.77 eV, respectively. These results indicate that N₂ formation is 

thermodynamically favourable and kinetically accessible on all DACs, suggesting a reduced likelihood of surface fouling. It 

was further observed that the Ru–Ru DAC exhibited notably poorer performance, with its rate determining step requiring an 

activation energy of 2.31 eV. Overall, the study highlights Ni-Ru/CeO₂, Fe-Ru/CeO₂, and Co-Ru/CeO₂ as promising low-Ru 

alternatives for NH₃ decomposition. 

2. Computational Modelling – Dmol3 in Material Studio software was utilised for all the catalysts design and analysis.  

3. Results and Discussion – Catalytic stability was investigated by testing the possibility of agglomeration.  The energy 

differences between the agglomerated and disperse states of the adatoms values in Table I suggest that the adatoms are not 

likely to agglomerate and would remain dispersed on the surface of the CeO2, implying that the designed catalysts are stable.  

 

 

 

4. Conclusions - Based on activation energy comparisons, the catalytic performance 

follows the trend: Co–Ru DAC > Fe–Ru DAC > Ni–Ru DAC > Ru SAC > Ru–Ru 

DAC. 
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Tabla I. ∆E Agglomeration:  

Metals 

∆Eagglomeratio

n (eV) 

Ru-Fe 8.87 

Ru-Co 10.89 

Ru-Ni 5.36 

Ru-Ru 45.62 

  

 

 

 

 

Image 1. A comparative depiction of the activation 

energies of the DACs and Ru SAC 
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Machine Learning Assisted Prediction of H2S Absorption by Deep Eutectic Solvents 
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1. Introduction  

Hydrogen sulphide (H2S) is a toxic and corrosive gas whose presence in industrial gas streams poses severe environmental and 

operational risks. Conventional absorbents such as alkanolamines or physical solvents often suffer from high regeneration costs, 

degradation, and limited tuneability, motivating the search for greener alternatives [1]. Deep eutectic solvents (DESs) have 

emerged as promising candidates due to their low volatility, structural flexibility, and ease of preparation. However, the vast 

combinatorial space of DESs makes experimental screening slow and resource‐intensive [2]. This work presents a machine 

learning (ML) framework to predict the H2S absorption capacity of binary DESs and to identify key molecular and operational 

factors governing gas uptake. 

2. Experimental 

A dataset of 440 experimental data points covering 37 binary DESs was compiled from the literature. Each DES was 

characterised using COSMO‐RS σ‐profile descriptors, combined with temperature and pressure as operational variables. 

Molecular geometries were optimised using Gaussian09, and σ‐profiles were computed with COSMOThermX (Figure 1). 

Twelve ML regression algorithms were evaluated, including k-Nearest Neighbours, Decision Trees, Random Forests, Gradient 

Boosting, CatBoost, Support Vector Machines, and neural‐network‐based models. Dataset division followed the “mixtures‐

out” strategy to ensure rigorous external validation [3]. 

3. Results and Discussion 

Among all tested algorithms, a Multilayer Perceptron (MLP) provided the most accurate predictions, achieving low Average 

Absolute Relative Deviation (AARD) values and strong internal and external statistical performance (Table I). SHAP analysis 

revealed pressure as the dominant factor influencing H2S absorption, followed by σ‐profile regions associated with hydrogen‐

bond donor and acceptor interactions. These findings highlight the importance of molecular polarity and hydrogen‐bonding 

characteristics in DES–H2S interactions. A hypothetical dataset generated by varying temperature and pressure for fixed DES 

compositions enabled ML‐guided screening, identifying promising DESs and operating conditions likely to maximise H2S 

uptake. 

Table I. Statistical results of the final MLP model 

4. Conclusions 

This study demonstrates the potential of ML‐assisted methodologies to accelerate the discovery of DESs for H2S capture. 

The integration of COSMO‐RS descriptors, curated experimental data, and advanced ML models provides predictive 

accuracy and mechanistic insight, supporting the rational design of next‐generation, sustainable gas‐absorption solvents. 
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Training set parameters Test set parameters 

R2 0.999 R2
Pred 0.987 

AARD5-fold (%) 2.142 AARDtest (%) 4.520 

RMSE5-fold 0.084 RMSEtest 0.186 
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Green infinity - recycling PET to MOFs 
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1. Introduction  

The growing accumulation of plastic waste has become a major global environmental challenge. Among synthetic polymers, 

polyethylene terephthalate (PET) is widely used in packaging and textile industries due to its low cost and favorable mechanical 

properties. However, PET is highly resistant to degradation and can persist in the environment for long periods, forming micro- 

and nanoplastics that negatively affect ecosystems and living organisms. 

Chemical recycling methods such as glycolysis enable the conversion of PET into valuable 

monomers, including bis(2-hydroxyethyl) terephthalate (BHET). Recently, metal–organic 

frameworks (MOFs) have attracted attention as heterogeneous catalysts for PET 

depolymerization due to their high surface area and tunable metal active sites. Moreover, 

terephthalic acid obtained from PET waste can be used as a linker for the synthesis of MOFs, 

enabling a circular approach where plastic waste is transformed into functional catalytic 

materials. In this work, the influence of different metal centers in MOF-74 on the catalytic 

depolymerization of PET was investigated.brackets [1-3] being referred to in the last section 

of the resume. 

2. Experimental - A series of MOF-74 catalysts containing different metal centers (Mg, Mn, Ba, Zn, Ni, Co, Fe, Cu, Sr, and 

Ca) were synthesized using a solvothermal method with 2,5-dihydroxyterephthalic acid as an organic linker. The materials 

were characterized by SEM, XRD, and BET surface area analysis. Their catalytic activity was evaluated in the glycolysis of 

PET using ethylene glycol at 160–200 °C, and the reaction products were analyzed by HPLC, FTIR, and 1H-NMR to determine 

PET conversion and BHET yield. In the second series, UiO-66-based materials were synthesized, showing potential application 

in photocatalytic processes. 

3. Results and Discussion - The synthesized MOF-74 materials containing different metal centers were successfully obtained 

using the fast-heating method. Visual inspection of the products confirmed the formation of crystalline powders with 

characteristic colors depending on the metal ion, as presented in Image 1. Structural and morphological analyses confirmed the 

formation of porous MOF-74 structures suitable for catalytic applications. The catalytic activity of the obtained materials was 

evaluated in the glycolysis of PET in ethylene glycol. The results indicate that MOF-74 catalysts exhibit high activity in PET 

depolymerization (>95% in 4 h), leading to significant PET conversion and recovery of BHET under the applied reaction 

conditions. The catalytic performance strongly depended on the type of metal center present in the MOF-74 structure. In 

particular, materials containing Mn showed enhanced catalytic activity, which may be related to the accessibility of metal active 

sites and favorable structural properties of the framework.  

4. Conclusions - The obtained MOF-74 materials exhibited high catalytic activity in the glycolysis of PET, with the catalytic 

performance strongly depending on the type of metal center in the framework. Additionally, the successful synthesis of UiO-

66 materials using terephthalate derived from PET demonstrates the potential of converting plastic waste into functional MOF 

materials for catalytic and photocatalytic applications. 
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1. Introduction  

International Neonicotinoids, such as acetamiprid and imidacloprid, are globally prevalent emerging pollutants [1]. Due to their 

persistence and the inability of conventional wastewater plants to remove them effectively, environmental agencies are 

currently tightening restrictions. This has driven the search for sustainable decontamination alternatives. Aqueous Biphasic 

Systems (ABS) have emerged as a promising solution, especially when aligned with green chemistry principles.  

This study investigates, for the first time,a surfactant-based ABS incorporating a ternary deep eutectic solvent (TDES) to 

enhance the extraction of acetamiprid and imidacloprid. To confirm real-world viability, SuperPro Designer v8.5 simulations 

confirmed the real-world viability and technical feasibility of this TDES-based environmental strategy [2]. 

 

2. Results and Discussion   

The study evaluated the ability of the synthesized TDES to form ABS with Tergitol 15S-9 and assessed pesticide extraction 

across different compositions at 25 °C(Image1 and Table I). 

Results showed extraction efficiency depends on surfactant concentration, with imidacloprid performing slightly better than 

acetamiprid at lower surfactant concentrations (Image 2). Finally, the system was applied to a soil-washing strategy, 

demonstrating its potential for removing neonicotinoids. 

3. Conclusions  

The TDES ChCl:U:Gly was applied as a salting-out agent in Tergitol 15S-9 solutions to extract neonicotinoid pesticides. It 

achieved over 96% efficiency in removing imidacloprid and acetamiprid from aqueous solution. Furthermore, extraction and 

data partitioning confirmed a selective and suitable strategy for neonicotinoid removal, supported by secondary simulation 

results. 

 

 

 

      Image 1. ABS system and feed compositions      

  Image 2. Extraction of acetamiprid (blue) and imidacloprid (green) 

Table I. Pesticides extraction compositions 

Feed C. 

TDES 15S-9 Water 

1 52.09 39.02 8.19 

2 62.74 20.07 17.19 

3 41.98 42.93 15.09 

4 18.04 69.20 12.76 

5 43.54 29.85 26.61 
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1. Introduction 

The iron and steel industry is one of the largest CO2 emitters, responsible for 7% of total CO2 emissions in Europe and 7-9% 

of global anthropogenic CO2 emissions [1]. On the way to fulfilling the Net Zero Steel objective set by the EU for 2050, one 

of the strategies is to move from greenhouse gas (GHG) emitting heating processes (like natural gas furnaces) to the use of 

electric heating processes (like resistance furnaces or induction heating systems). This industrial transition of heating systems 

from fossil fuels to electric-based solutions is crucial to mitigate climate change [2]. 

2. Experimental 

The present study presents a methodology to move from a heating process based on natural gas burning to one based on 

electricity. This methodology is done using ANSYS ® finite element simulations (coupling different physics) and adjusting the 

model with experimental laboratory experiments. This change in the heating process of round steel bars has to maintain some 

previous requirement of the steel industry regarding the heating profile of the whole section of the bar and the temperature 

gradients between the surface and the inner part.  

3. Results and Discussion 

The obtained results show the usability of this simulation methodology to help on the definition of the process parameters for 

this change from the natural gas heating process to the electric heating process.  

4. Conclusions 

Once developed, it can be a very useful tool to design and optimize the appropriate parameters of this new electric heating 

process for steel round bar products depending on the steel bar characteristics like its size or composition. 

Funding: This research was funded by KK-2025/00041 and KK-2023/00020 projects by the Basque Government under its 

ELKARTEK Research Program. 

5. References 

[1] https://worldsteel.org/wp-content/uploads/Climate-change-production-of-iron-and-steel-2021.pdf 

[2] Arman Ashabi, Mohamed Mostafa, Andriy Hryshchenko, Ken Bruton, Dominic T.J. O’sullivan, Assessing power-to-heat 

technologies for industrial electrification: A multi-criteria decision analysis approach, Energy Conversion and Management: 

X, Volume 25, 100882, 2025. https://doi.org/10.1016/j.ecmx.2025.100882. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

GREENCHEM-26 Abstracts Book | Page 34 

ABSTRACTS BOOK 
7th International Conference on Green Chemistry and Sustainable Engineering, Canary Islands, 22-24 July 2026 

 

136 · Poster Presentation 

Computational insights into lithium 12-hydroxystearate fibrils formation in 

nonpolar media 

S. Despotović (1), I. Despotović (2) 

(1) INA Maziva, Zagreb, Croatia. 
 (2) Ruđer Bošković Institite, Zagreb, Croatia 

 

1. Introduction – Salts of fatty acids self-assemble into fibrillar structures in 

nonpolar media [1], forming networks that immobilize the solvent and produce 

lubricating grease. Although the macroscopic properties of greases have been 

extensively characterized experimentally, particularly through rheology, the 

molecular-level mechanisms underlying their formation and stability remain 

poorly understood. In this study, quantum chemical calculations were performed 

to determine the stacking behaviour of lithium 12-hydroxystearate (Li 12-HSA) 

molecules in nonpolar media. A series of plausible aggregate configurations, 

representing early-stage fibril formation, were constructed, and their geometries 

were optimized to evaluate relative stability through free energy analysis. The 

results identify the most favourable stacking motifs and the key intermolecular 

interactions responsible for their stabilization. These findings provide molecular-

level insight into soap thickener self-assembly and establish a physically grounded 

framework for understanding fibril network formation in lubricating greases. 

2. Experimental - Dispersion-corrected density functional theory (DFT) in the wB97X-D [2] form was used to study the 

structures and free energies of individual molecules and various molecular stacks. Geometry optimization was carried out with 

the 6-31G(d,p) basis set, while final molecular energies were calculated using the larger 6-311+G(3df,2p) basis set in single-

point calculations. The solvent effect was modeled with the CPCM polarizable continuum solvation model, using a dielectric 

constant of 2.00 to represent n-dodecane. Calculations were performed with the Gaussian 16 program package. 

3. Results and Discussion – The assembly of Li–12-HSA was systematically investigated from dimers to higher-order 

oligomers, including tetrameric and octameric forms, to elucidate the evolution of their structural organization and 

intermolecular interactions. Monomers of Li–12-HSA preferentially associate into dimers through a well-defined head-to-head 

orientation stabilized by a double O–Li–O coordination bridge. The formation of higher-order oligomers is primarily driven by 

intermolecular Li–O coordinate bonding between the O–Li–O bridges of adjacent dimers, providing a structural motif that 

promotes fibrillar growth. In the most stable tetrameric configuration, additional stabilization arises from an O–H···O hydrogen 

bond formed between uncoordinated hydroxyl groups of two dimer units. The most stable Li–12-HSA octamer, exhibiting 

significant interaction energy ΔG*INT = −125.67 kJ mol-¹, forms through transverse elongation, capturing the key features 

that govern subsequent assembly into fibril structures. Electrical interactions dominate aggregation, compared to smaller 

charge-transfer contributions, with both together surpassing the opposing destabilizing core interactions. The progressive 

increase in binding energy per monomer with cluster size indicates cooperative stabilization, whereby each additional subunit 

enhances the overall structural integrity of the assembly. This behaviour supports a self-reinforcing and thermodynamically 

favourable pathway toward the formation of larger supramolecular structures. 

4. Conclusions – DFT results provide a molecular-level understanding of Li–12–HSA self-assembly in nonpolar media, 

revealing a cooperative aggregation pathway in which Li–O coordination and hydrogen bonding are key stacking motifs that 

drive the growth of fibrillar structures, with increasing stability as cluster size increases. Further calculations on network 

formations are currently in progress.  
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Fluorescent hydrogels are soft materials obtained through the crosslinking of bio-polymeric molecules, via non-covalent 

interactions, leading to the formation of three-dimensional networks, capable of entrapping large amounts of water and 

functional molecules, such as fluorophores [1]. These materials are particularly promising because they aim to combine the 

renewability of their constituent raw materials and the low energy consumption of their synthesis, with the possibility of being 

employed in fields where biocompatibility and biodegradability are required features [2]. Indeed, fluorescent hydrogels can be 

optimized to provide visual feedback in response to specific external stimuli, through changes in their luminescent properties. 

These characteristics therefore, enable their development and use as sustainable sensors for environmental monitoring of metals 

and pollutants, as well as in drug delivery and imaging applications [3]. 

This work proposes the optimization of a fluorescent hydrogel based on the biopolymer κ-carrageenan, whose emission arises 

from the stable incorporation of a powder obtained via urea thermolysis at 250 °C, characterized by blue fluorescence under 

365 nm irradiation. The emissive centers are consistent with heterogeneous, nitrogen-rich structures, featuring a variety of 

functional groups with donor sites (C–N, C=N, –NH/NH₂, C=O). These centers are therefore capable of establishing 

intermolecular interactions, both with κ-carrageenan, ensuring structural stability within the polymeric matrix and of exhibiting 

a high affinity toward metal ions. 

Structural interactions were investigated by FTIR and Raman spectroscopy, while the optical properties were analyzed by 

fluorescence spectroscopy, as a function of the loading of fluorescent material. Subsequently, by exposing these systems to 

different solutions of metal salts, at increasing concentrations (10⁻⁵–0.1 M), we were able to evaluate how their fluorescence 

intensity is influenced by the ionic environment and to assess their sensitivity, toward different chemical environments. In 

particular, in the case of calcium chloride (CaCl₂), a linear increase in the fluorescence emission intensity of the hydrogel was 

observed, without any significant spectral shift of the emission peak (Figure 1). 

These results enable the identification of an optimal hydrogel formulation and support its potential use in low-cost sensing 

devices. The simplicity of the synthesis, combined with the use of renewable raw materials, makes this approach promising, 

within the field of green chemistry, as it aligns functional performance with the minimization of environmental impact, 

throughout the entire life cycle of the material. 

 
       Figure 1. Fluorescence emission spectra (excitation wavelength 365 nm) of the hydrogel after exposure to increasing CaCl₂ concentrations in the range 10⁻⁵–0.1 M, showing a 

progressive enhancement in emission intensity. 

 

 

5. References 

[1] Y. Li, D.J. Young, X.J. Loh, Mater. Chem. Front., 1489(3), (2019). 

[2] P. Yu, Y. Zhao, X. Li, Z. Zhao, Y. Dong, X, Li, Materials Today Communications, 108495(38), (2024). 

[3] W. Su, R.Wang, C. Qian, X.Li, Q. Tong, T. Jiao Journal of Chemistry, 8246429(17), (2020). 

 

 

 

 

 



 

 

GREENCHEM-26 Abstracts Book | Page 36 

ABSTRACTS BOOK 
7th International Conference on Green Chemistry and Sustainable Engineering, Canary Islands, 22-24 July 2026 

 

146 · Poster Presentation 

Degradation of bentazone by photoelectrooxidation under simulated sunlight using 
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1. Introduction – Water pollution caused by emerging microcontaminants represents one of the major environmental 

challenges today. Pesticides are particularly concerning due to their widespread use in agriculture, their high persistence, and 

their mobility in the environment [1-2]. Bentazone stands out as one of the most frequently detected herbicides in surface and 

groundwater in Spain, with concentrations that sometimes exceed established legal limits [3]. The use of Advanced Oxidation 

Processes (AOPs) is being proposed as an effective alternative for their elimination [4]. The aim of this work is to study the 

degradation of bentazone by photoelectrooxidation with simulated sunlight using SnO2-Sb2O5 ceramic electrodes doped with 

Fe2WO6 as photoanodes and Na2SO4 as supporting electrolyte. 

2. Experimental - Experimental tests were carried out in a quartz reactor by varying the applied current intensity (0.2 and 0.5 

A) and the light irradiance (0, 20, 30, and 60 mW/cm2). Initial concentrations were 100 mg/L of bentazone and 2 g/L of Na2SO4. 

The photoanode active surface was 12 cm2. Subsequently, the degradation of the bentazone was studied using UV-Vis 

Molecular Absorption Spectrophotometry and the mineralization was studied through the analysis of Total Organic Carbon 

(TOC). 

3. Results and Discussion - Figure 1 shows the light irradiance effect on the degradation (Fig.1a) and mineralization (Fig.1b) 

of bentazone at 0.5 A. Degradation follows a mixed (zero and first) order kinetics. 

 

 
(a) 

 
(b) 

 

Figure 1. Effect of the light irradiance on (a) the degradation and (b) the mineralization of bentazone in 2 g/L of Na2SO4 

applying 0.5 A.  

 

Increasing the current intensity clearly improves the degradation and mineralization of bentazone with a relative pollutant 

concentration (C/C0) around 0.2 and a relative TOC concentration (TOC/TOC0) around 0.4 under the most favorable 

experimental conditions. At the highest current intensity, greater light irradiance favors the removal of bentazone, suggesting 

a synergistic behavior between both parameters. 

4. Conclusions 

● Increasing the current intensity improves the degradation and the mineralization of bentazone. 
● At the highest current intensity, greater light irradiance favors the removal of bentazone. 
5. References 

[1] E. Corsini, J. Liesivuori, T. Vergieva, H. Van Loveren, C. Colosio, Hum. Exp. Toxicol., 27 (9), (2008) p. 671-680. 

[2] M. Kattwinkel, J.V. Kühne, K. Foit, M. Liess, Ecol. Appl., 21 (6), (2011) p. 2068-2081. 

[3] World Health Organization, “Bentazone in drinking-water”, World Health Organization, Geneva, 2020 

(WHO/HEP/ECH/WSH/2020.2). 

[4] Y. Patiño, E. Díaz, S. Ordóñez, Av. Cienc. Ing., 5 (2), (2014) p. 1-20. 

Acknowledgments - The authors thank the Agencia Estatal de Investigación for the financial support with the grant PID2023-

147511OB-C21 funded by MICIU/AEI/10.13039/501100011033 and by ERDF/EU. 

 

 

https://www.sciencedirect.com/science/article/pii/S2213343725038655#gs1
https://www.sciencedirect.com/science/article/pii/S2213343725038655#gs1


 

 

GREENCHEM-26 Abstracts Book | Page 37 

ABSTRACTS BOOK 
7th International Conference on Green Chemistry and Sustainable Engineering, Canary Islands, 22-24 July 2026 

 

166 · Oral Presentation 

Design and Structure-Property Relationships of Phosphonium-based Ionic Liquids 

with Broad Operating Windows for Demanding Thermal Applications 

J. Perez-Arce(1), A. Centeno-Pedrazo(1), A. Agrelo-Lestón(1), B. Iliev(2), T.J.S. Schubert(2), E. J. Garcia-

Suarez(1,3) 
(1)Center for Cooperative Research on Alternative Energies (CIC energiGUNE), Basque Research and 

Technology Alliance (BRTA), Alava Technology Park, Albert Einstein 48, 01510, Vitoria-Gasteiz, Spain. 
(2)Iolitec Ionic Liquids Technologies GmbH, Heilbronn 74076, Germany 

(3)IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Spain 
 

1. Introduction  

As modern technologies move toward higher efficiency and increasingly demanding operating conditions, the development of 

thermally stable fluids for high-temperature applications has become a major challenge in fields such as power generation, 

thermal management, and medium-temperature chemical processing (200-400 °C). Increasing attention has been devoted to 

the development of advanced fluids that combine thermal robustness with appropriate handling and transport properties over 

broad temperature ranges. In this context, ionic liquids (ILs) have emerged as promising functional fluids due to their negligible 

vapour pressure, low flammability, and wide tunability which has motivated their study in electrolytes for batteries and 

supercapacitors, heat-transfer and thermal-storage, lubricants, and separation processes.[1] Nevertheless, high thermal stability 

alone does not ensure their practical viability. A key requirement is that the ILs remains in the liquid state throughout the entire 

operating temperature range, while preserving physicochemical properties within values suitable for efficient process 

operation.[2,3] However, the design of ILs that combine these properties remains a significant challenge. In this work, a novel 

family of phosphonium-based ILs was investigated to establish structure-property relationships and assess their suitability as 

thermally robust fluids for demanding thermal applications. 

2. Experimental  

A series of phosphonium-based ILs with different cation and anion structures was synthesized and characterized. Thermal 

stability was evaluated by thermogravimetric analysis under both dynamic and isothermal conditions. Melting behaviour was 

studied by differential scanning calorimetry. Density was measured up to elevated temperatures, and viscosity was determined 

over a broad temperature range to assess the influence of ion structure and temperature on fluid properties. 

3. Results and Discussion  

The investigated ionic liquids showed high thermal stability and good stablity under prolonged exposure at elevated temperature 

(300 °C), confirming their potential for medium-temperature applications. The results also showed that long-term isothermal 

analyses provide a more realistic evaluation of thermal stability than dynamic 

measurements alone. The thermophysical properties analysed such as density and 

viscosity were strongly temperature dependent. Overall, the studied ionic liquids 

combined good thermal resistance with liquid behaviour at or near ambient 

temperature and a significant improvement in flow properties upon heating. 

4. Conclusions  

Phosphonium-based ILs represent a promising class of thermally stable fluids for 

medium-temperature applications. The studied materials exhibited a suitable 

combination of thermal robustness, liquid-phase behaviour over a broad 

temperature interval, and improved transport properties at moderate temperatures. The results confirm that these ILs offer a 

wide practical operating window and highlight their potential for applications requiring stable fluids under demanding thermal 

conditions. 
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The electrosynthesis of urea from CO2 and nitrate has emerged as a promising strategy for the sustainable coupling of carbon 

and nitrogen cycles, enabling the direct conversion of abundant feedstocks into value-added products under mild conditions. 

Compared to the conventional Haber–Bosch process, which is energy-intensive and responsible for significant CO2 emissions, 

electrochemical routes offer a decentralised and potentially carbon-neutral alternative for urea production[1]. In particular, the 

simultaneous reduction of CO2 and NO3
- provides an attractive pathway not only for chemical synthesis but also for the 

mitigation of greenhouse gases and nitrogen-based pollutants in aqueous environments [2]. However, achieving efficient C–N 

coupling remains a major challenge due to the competition with parallel reactions, including hydrogen evolution and the 

independent reduction of carbon and nitrogen species. Recent studies have shown that catalyst design, interfacial engineering, 

and reactant concentration play critical roles in stabilising key intermediates (such as *CO and *NO2/*NH2), thereby promoting 

urea formation [3]. Despite these advances, many systems still suffer from limitations in balancing selectivity and production 

rate, highlighting the need for deeper mechanistic understanding and improved optimization strategies. In this work, we 

investigate the electrocatalytic coupling between CO₂ and NO₃⁻ using a mixed copper–titanium oxide catalyst (CuO2-TiO2) as 

the active electrode material in an aqueous electrolyte (1 M NaHCO3 + 0.5 M NaNO3) under ambient conditions, applying a 

potential of −0.6 V vs Ag/AgCl. The system exhibited high faradaic efficiency, reaching up to ~50%, demonstrating remarkable 

selectivity toward C-N bond formation even in a competitive environment dominated by parallel reactions. The urea production 

rate ranged from 13.7 to 16.7 µmol·L⁻¹·h⁻¹. Time-dependent studies revealed a simultaneous increase in both faradaic efficiency 

and formation rate, suggesting progressive activation of the catalytic surface and the establishment of a kinetic regime more 

favourable for C-N coupling. These findings highlight a relevant scenario in which high selectivity is achieved under mild 

conditions, emphasising the importance of catalyst interface control and mass transport in promoting selective pathways. 

Therefore, this work contributes to the advancement of sustainable electrochemical processes aimed at integrating carbon and 

nitrogen cycles. 
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Motivation. The author, as an old physicist, had always been bored by the fact that up to now no satisfactory solution had been 

found to use the approximately 70% excess heat of silicon solar cells for something useful. Anyway, due to the Chinese boost 

of selling PV panels so cheaply, an economic breakthrough of such a technology seems very far away. Nevertheless it should 

be allowed to think about solutions. 

Proposal. First the heat exchanger fixed below the solar cells consists of an array of flat tubes, where liquid ammonia is flowing 

as a film and therefore the evaporation to the gas phase to the above space is very easy. Due to the evaporation heat of the 

ammonia solution the excess heat energy is used for the phase separation without much temperature rise, which is good for the 

efficiency of PV. Second, of course, the big disadvantage is the pressure rise, where something has to be done in order to 

prevent damage to the solar cells due to deformation of the flat tubes. This is the said material challenge, namely the tradeoff 

between good heat conductivity between the solar cells and the ammonia solution, and the requirement of low deformation and 

thermal expansion of the flat tubes of the heat exchanger. 

A computer program to calculate the thermodynamics for that proposal, using empirical formulas of all kinds of 

thermodynamics and heat conductivity, had been written. It ends up with the same system efficiencies of absorption cooling as 

you can read in literature. 

The authors experience with said challenge. First on of the author’s main jobs, before his retirement, was the problem of 

thermal stress between very thin, breakable, silicon wafers and devices (so called chucks) to remove several kW of process heat 

from a silicon wafer during fabrication, as well as constructing heat sinks for electronic components for their operation in field. 

A big FORTRAN-program which coincides with experimental results is available from that time (the 2000’s). Also experience 

with proper materials to comply with that challenge had been achieved. Second very early in pioneering times (the 1990’s) 

solar thermal collectors had been built with flat tube arrays, and measurements proofed the far enhanced thermal conductivity 

as compared to normal collectors with circular tubes. 

Of course, the proposal resulting from this experience today would lead to manufacturing costs which cannot at all compete 

with presently PV prices. 

Psychology of the market. The author knows about at least one ready-to-sell engineering system approach, where hot water 

solar collectors had been used as a heat source for medium and big absorption cooling systems. But despite people often 

complain about the noise of compressors of conventional active cooling systems the market had not been successful in 

motivating customers to install cooling systems without noise and with very little electricity consumption. It is very hard to 

explain with logical arguments. This means, that the proposal of the author is even farer away than said great systems 

engineering approach, which was ready for market. 

References. The microelectronic manufacturing company the author worked for was not interested to making the details of the 

devices open for the public. Nevertheless, it is not forbidden to talk about the physics itself, and possible other applications. 
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Magnesium-Based Biohybrid Coatings for Indoor CO2 Capture and Air Cleaning 

Applications 
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1. Introduction The increasing atmospheric CO₂ concentration has 

intensified the search for sustainable technologies capable of mitigating 

greenhouse gas emissions while improving indoor air quality. Indoor 

environments are of particular concern, as people spend nearly 90% of 

their time indoors, where CO₂ levels can easily exceed recommended 

values due to limited ventilation, leading to reduced cognitive 

performance and discomfort. In this context, innovative materials for 

indoor air cleaning have become increasingly important. 

Nanotechnology-based catalytic systems, especially enzyme–metal 

biohybrids, offer a promising low-energy and environmentally friendly 

approach for CO₂ transformation under mild conditions. Among them, 

magnesium-based materials stand out because of their low cost, 

abundance, nontoxicity, and strong reactivity toward CO₂. 

Therefore, this work presents a novel magnesium-based biohybrid 

coating capable of actively transforming CO₂ under ambient 

conditions and reducing CO₂ concentrations on real indoor wall 

surfaces, demonstrating strong potential for sustainable indoor air 

cleaning applications (Figure 1).1
 

2. Results and Discussion The magnesium-based biohybrid MicroMg was successfully synthesized under mild and sustainable 

conditions, forming stable Mg₃(PO₄)₂ microstructures stabilized by a lipase scaffold. Structural characterization by XRD, FT-

IR, SEM, STEM, and EDX confirmed the formation of well-defined cubic–octahedral microstructures with high structural 

integrity. The material exhibited high catalytic activity for CO₂ transformation, achieving complete conversion of dissolved 

CO₂ into bicarbonate within 30 min and maintaining excellent stability over repeated cycles. When incorporated into 

commercial paints and applied onto wall surfaces, MicroMg effectively reduced atmospheric CO₂ under indoor conditions, 

retaining over 90% of its activity after three washing cycles. In addition, larger coated areas and multilayer coatings improved 

CO₂ removal efficiency, and the system remained active at CO₂ concentrations up to 1500 ppm, with transformation rates of 

approximately 16 ppm·h⁻¹, highlighting its strong potential for sustainable indoor air cleaning applications. 

3. Conclusions Overall, the magnesium-based biohybrid coating demonstrates efficient and stable CO₂ removal under indoor 

conditions, enabling continuous CO₂ transformation directly on coated wall surfaces. Its durability and compatibility with real 

indoor environments highlight its strong potential as a functional material for improving indoor air quality. 

4. Acknowledgements 
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supported by COST (European Cooperation in Science and Technology). 

5. References 

[1] Garcia-Sanz, C.; Palomo, J.M. Designo f a Magnesium Microstructured Biohybrid Material for Practical Atmospheric CO2 

Mitigation. ACS Appl. Energy Mater. 2026, 9, 4, 2248–2256. 

 

 

Figure 1. Schematic representation of the surface-

coated magnesium micromaterial proposed in this 

work for the CO2 transformation. 
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1. Introduction – Biological corrosion is the term used to describe the 

unwanted deposition and growth of various types of microorganisms, 

mainly fungi, bacteria and algae. It is a multi-step and complex process 

that leads to the destruction of materials on which this growth has taken 

place in the form of a biofilm. This phenomenon not only causes 

technical problems, but can also have harmful effects on human health. 

This phenomenon is most often discussed in the context of building 

materials such as bricks, concrete, roof tiles, glass and wood (Image 1.). 

This presentation will describe the synthesis of  amphiphilic 

organosilicone compounds and their application as protective coatings 

against algae for building materials. The group of materials with 

amphiphilic properties has become of increasing interest in the global 

search for materials with specific properties [1-2].   

2. Experimental - Cement mortar specimens measuring were prepared 

in accordance with PN-EN 196-1, using a standard mix ratio of 1:3:0.5 

(cement:sand:water) and a water-to-cement (w/c) ratio of 0.50. In the 

next step a 5% solution of the modifier in isopropanol was then applied 

to the prepared substrate.  

The surface was impregnated by immersing or by painting them twice 

using the wet-on-wet method. The samples were air-dried at room temperature until a constant mass was obtained. They were 

then subjected to mechanical and biological tests. The test results were compared to an unmodified reference sample. 

3. Results and Discussion - Mechanical test results clearly demonstrated that, regardless of the impregnation method, the 

substrate retained its original strength and frost resistance parameters compared to unmodified samples. Cement samples coated 

with amphiphilic siloxane achieved compressive strength exceeding 70 MPa, while samples subjected to cyclic freeze-thaw 

tests achieved compressive strength exceeding 33 MPa. Furthermore, a 5% functionalized siloxane reduced the photosynthetic 

activity of microalgae cells on the concrete surface. The maximum chlFI value decreased by 69.5%, and the average by 71.4%. 

This demonstrates that the synthesized compound effectively counteracts biological corrosion without damaging the structure 

of the impregnated substrate. 

4. Conclusions - The innovative approach presented in this publication to the problem of protecting cement composites from 

the harmful effects of algae is the use of the functionalized organosilicon compound which exhibits amphiphilic properties. 

The structure of the siloxane backbone makes the compound permeable to vapors and gases, which is crucial for the protection 

of building and construction materials. The coating allows for free air circulation while providing hydrophobicity due to the 

presence of fluoroalkyl groups. The presence of polyether groups with a terminal hydroxyl group allows the active ingredient 

to form  

a permanent bond with the substrate. It should be noted that the use of a functionalized organosilicon compound such in 

protective coatings against biological corrosion is also innovative, as it eliminates the need to add harmful biocides to the 

formulation. The biocidal effect is due to the structure of the siloxane compound and appropriately selected functional groups. 

It is therefore an environmentally friendly solution. 

Furthermore, the results of the mechanical tests clearly showed that, the substrate retains its original strength and frost resistance 

parameters compared to unmodified samples. 
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Image 1. An example of biological corrosion on paving stones. 
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1. Introduction – Growing demand for sustainable cosmetic formulations has driven interest in bio-based, renewable materials 

as alternatives to synthetic surfactants. In this work, nanocrystalline cellulose (NCC) was extracted from TEMPO-oxidized 

microcrystalline cellulose (MCC) via sulfuric acid hydrolysis, yielding rod-shaped particles of 10–20 nm width with enhanced 

surface charge and hydrophilicity. The resulting NCC was employed as a solid stabilizer in surfactant-free Pickering emulsions 

for the encapsulation of lavender essential oil (LO), representing a fully green, cellulose-derived delivery system. 

2. Experimental – NCC was prepared by TEMPO-mediated oxidation of commercial MCC, followed by sulfuric acid 

hydrolysis to obtain rod-shaped nanoparticles (10–20 nm width). Pickering emulsions were prepared at varying ethanol-water 

ratios (LO@NCC 1–5). Encapsulation efficiency (EE%) and loading capacity (LC%) were determined gravimetrically. Release 

kinetics were evaluated over 36 hours. Antioxidant activity was assessed by DPPH radical scavenging assay, and antibacterial 

activity was determined by minimum inhibitory concentration (MIC) against E. coli and S. aureus. 

3. Results and Discussion – Among the formulations tested, LO@NCC 4 (50:50 ethanol-water ratio) achieved the highest 

encapsulation efficiency of 88.34 ± 0.99% and loading capacity of 30.40 ± 0.22%, followed closely by LO@NCC 5 (60:40) 

with an EE% of 87.68 ± 0.98%. The system exhibited a biphasic release profile, with complete oil release exceeding 93% 

within 36 hours, demonstrating controlled and sustained delivery. Antioxidant activity was well retained post-encapsulation 

(33.37%). Antibacterial assays confirmed biological efficacy with MIC values of 0.1 g/mL against E. coli and 0.05 g/mL against 

S. aureus. 

4. Conclusions – NCC derived from TEMPO-oxidized MCC is an effective, renewable stabilizer for Pickering emulsions. The 

optimized LO@NCC system delivers superior encapsulation efficiency, controlled release performance, and retained 

bioactivity. This work presents a promising green approach to bio-based encapsulation for sustainable cosmetic and personal 

care applications. 
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1. Introduction - The principles of Green Chemistry advocate renewable feedstocks, atom economy, energy efficiency, and 

safer catalysts. Yet, industrial 1,3-butadiene (BD) production still remains dependent on fossil naphtha cracking, an energy-

intensive process associated with high CO2 emissions. The Lebedev one-step route using bioethanol offers a renewable 

alternative, but early kinetic models [1] suffered from low BD selectivity and excessive by-products (ethene, diethyl ether, 

butenes). Da Ros et al. [2] achieved higher BD yields using a K 2 O:ZrO2 :ZnO/MgO-SiO2 catalyst while suppressing undesired 

dehydration. In this work, we integrate this validated kinetic into a rigorous Aspen Hysys simulation, based on the process 

architecture of Ferreira et al. [3], to provide a sustainable process model aligned with Green Chemistry principles. 

2. Experimental - A steady-state simulation was developed in Aspen Hysys v.14 using the NRTL thermodynamic model. The 

isothermal PFR reactor used the kinetic expressions reported by Da Ros et al. [2] for the K2O:ZrO2 :ZnO/MgO-SiO2 catalyst. 

The separation train, consisting of a flash drum and two distillation columns, followed Ferreira’s design [3] but was re-evaluated 

to minimize energy consumption by adjusting reflux ratios, stages, and condenser duties. Bioethanol (93.4 wt%, sugarcane-

derived) was preheated to 450 °C at 101.3 kPa. The weight hourly space velocity (WHSV) ranged from 0.3 to 2.5 h -1 , and 

the temperature ranged from 300 to 400 °C, covering Da Ros’s full factorial design space. Simulations converged with a 

tolerance of 10 -4 . 

3. Results and Discussion - The simulation yields BD with 97.8% molar purity after distillation. Compared to the earlier bio-

based simulation by Ferreira et al., which used Ezinkwo kinetics [1], the Da Ros kinetics deliver the following advantages: BD 

selectivity rises from 48.8% to 50.1% under identical conditions, while acetaldehyde (a valuable co-product) decreases from 

32.7% to 22.0%, indicating improved carbon utilization toward the desired product. Furthermore, ethene selectivity remains 

low (9.3% vs. 7.4%), and diethyl ether (DEE) is nearly eliminated at higher temperatures, demonstrating reduced waste 

formation. Regarding energy efficiency, the strong interaction between temperature and WHSV allows operation at higher 

space velocities without yield loss, reducing reactor volume and preheating duty. The updated mass and energy balances show 

a 15% reduction in cooling water demand and a 10% smaller recycle stream compared to the original Ferreira model. 

4. Conclusions - The Lebedev process simulated with Da Ros’s advanced, non-toxic catalyst strongly adheres to multiple 

Green Chemistry principles [4]. Its integration into Aspen Hysys provides a robust, green-chemistry-aligned model, showing 

improved atom economy, waste reduction, and energy efficiency compared with fossil-based and earlier bio-based simulations. 

The temperature-WHSV interaction enables process intensification. Future work will include techno-economic analysis (TEA) 

and life-cycle assessment (LCA) to further validate industrial viability. 
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1. Introduction – The global shift towards sustainable protein sources has intensified interest in valorising edible oil by 

products as food grade ingredients. Rapeseed proteins are nutritionally attractive due to their well-balanced essential amino 

acid (EAA) profile [1]. Conventional alkaline extraction (pH 9–12) offers high recovery, yet it may promote cruciferin 

denaturation, napin losses, and colour deterioration driven by phenolic oxidation [2]. Green alternatives, such as deep eutectic 

solvents (DES), have emerged as promising media due to their low toxicity and the ease with which their properties can be 

tailored through chemical composition [3]. The main aim of this study was to compare the nutritional quality and in vitro 

digestibility of rapeseed protein isolates obtained by conventional alkaline extraction (AE-12) and by a choline chloride:urea 

DES system (DES-ChCl:U). 

2. Experimental - Protein isolates were obtained from defatted rapeseed cake by alkaline extraction at pH 12 (AE-12) and with 

choline chloride:urea DES (1:2, 10% water; pH 7.60 at 60 °C). Amino acid composition was determined by ion-exchange 

chromatography, while in vitro digestibility and molecular-weight distribution before and after digestion were evaluated using 

the INFOGEST protocol and lab-on-a-chip capillary electrophoresis, respectively. 

3. Results and Discussion - The nutritional value of the obtained isolates was assessed through analysis of their amino acid 

(AA) composition and their susceptibility to enzymatic hydrolysis. A particularly notable finding was the high content of sulfur-

containing amino acids (methionine and cystine) in the DES1 isolate, exceeding 3%, which fully meets the FAO/WHO 

nutritional requirements for adults [2]. Among the essential amino acids (EAA), leucine was highest in DES-ChCl:U (6.39 

g/100 g), whereas lysine reached its maximum in AE-12 (5.09 g/100 g).  

This high proportion of essential amino acids, with an EAA/NEAA ratio of 0.59, makes the isolate nutritionally superior to 

many other plant sources, such as legumes [1]. The high nutritional potential was further confirmed by in vitro digestion 

performed according to the INFOGEST protocol. Although both isolates showed high digestibility, DES-ChCl:U exhibited a 

distinct digestion profile, indicating a more extensive conversion of proteins into smaller, absorbable components. By the end 

of the intestinal phase, the proportion of fractions below 10 kDa in the DES-ChCl:U isolate reached 89.77%, suggesting an 

almost complete conversion of proteins into bioavailable peptides and free amino acids. This digestion efficiency is directly 

linked to the excellent solubility of the DES-ChCl:U isolate across a wide pH range (gastric and intestinal conditions), enabling 

proteolytic enzymes to access peptide bonds more readily. In contrast to the AE-12 isolate, which shows signs of structural 

fragmentation due to extreme pH, the DES-ChCl:U system preserves more native cruciferin oligomers (145 kDa) prior to 

digestion, which are then efficiently broken down during digestion. Overall, these findings confirm that the use of choline based 

DES systems not only preserves the nutritional integrity of rapeseed proteins but also ensures their maximal utilization in the 

body. 

4. Conclusions - The DES-ChCl:U system represents a sustainable and efficient alternative to alkaline extraction. Although it 

offers a lower yield, the resulting isolate is of superior purity and nutritional quality, with a well-balanced amino acid profile 

and excellent digestibility. These characteristics make DES-ChCl:U extracted rapeseed proteins highly suitable for the 

development of functional food products. 

5. Acknowledgement – This research was funded by the Ministry of Science, Technological Development and Innovation, 

Republic of Serbia (Contract No. 451-03-33/2026-03/200222) 
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1. Introduction In the current climate crisis, optimizing technologies for renewable energy harvesting is imperative. 

Luminescent solar concentrators (LSCs) represent an innovative solution to enhance photovoltaic efficiency by capturing light 

over large areas and concentrating it at the edges through total internal reflection [1]. Traditionally, these matrices are 

manufactured using petroleum-derived synthetic polymers; however, there is growing interest in developing transparent wood 

(TW) biocomposites due to their low carbon footprint and excellent mechanical properties [2]. This work proposes using 

delignified balsa wood impregnated with chitosan to replace conventional plastics. The incorporation of coumarin derivatives, 

specifically umbelliferone, allows the material to achieve photon harvesting capabilities through luminescence processes, 

leveraging its porous structure for homogeneous doping. 

2. Experimental Balsa wood was used as the structural matrix and subjected to a chemical delignification process to remove 

chromophore groups, reducing lignin content from 22% to 3%. The resulting matrices were impregnated with chitosan to 

provide optical transparency, as its refractive index is similar to that of balsa wood. Finally, umbelliferone (7-hydroxycoumarin) 

was incorporated as a photoactive molecule by doping it into the polymeric network. 

3. Results and Discussion Transparent wood matrices were obtained with total transmittance values near 70%, although direct 

transmittance remained low (~10%), indicating highly diffusive behavior. Fluorescence studies demonstrated an excited-state 

proton transfer (ESPT) mechanism, with emission centered at 432 nm corresponding to the anionic form of the coumarin. The 

system achieved a fluorescence quantum yield of 11.49% and exhibited multiexponential behavior in lifetimes, suggesting the 

coexistence of various photoprotolytic species within the matrix. 

4. Conclusions A functionalized material with potential for LSC devices was successfully synthesized. While the diffusive 

nature of the material favors initial radiation capture, 

results indicate that scattering losses must be reduced to optimize optical guiding to the edges. This progress demonstrates the 

feasibility of utilizing natural by-products for advanced clean energy applications. 

5. References 1. V. K. Sharma et al., “Imperative Role of Photovoltaic and Concentrating Solar Power Technologies towards 
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1. Introduction - The chemical recycling of polyethylene terephthalate (PET) waste represents a major challenge in the pursuit 

of a circular plastics economy. Here we report a green, low-temperature route for the upcycling of waste PET into a functional 

aromatic polyamide gel using a deep eutectic solvent (DES) composed of choline chloride and diethylenetriamine (DETA) in 

a 1:6 molar ratio as both reaction medium and aminolytic reagent. 

2. Experimental - The depolymerization reaction proceeds at 110 °C within 20 minutes, yielding an interfacial gel that is 

readily isolated by centrifugation and requires only aqueous wash for purification. Product structure was confirmed by ¹H and 

¹³C NMR spectroscopy. 

3. Results and Discussion - Systematic optimisation of reaction temperature, time, and DES composition revealed that 

complete aminolysis of PET can be achieved in as little as 20 minutes at 110 °C, highlighting the remarkable efficiency of this 

approach. ¹H and ¹³C NMR characterisation unambiguously confirms the formation of a novel oligomeric aromatic polyamide, 

in which terephthalic units are linked through the terminal amines of DETA. A striking downfield shift of the amide N–H signal 

upon solvent change provides compelling evidence for a strong, cooperative intermolecular hydrogen bonding network [1,2], 

which we identify as the key supramolecular driving force behind the spontaneous gel formation. Remarkably, the material 

fully recovers its gel structure upon rehydration after drying, demonstrating excellent reversibility that is directly exploitable 

for regenerable adsorbent applications. The unique combination of a robust H-bond crosslinked network and accessible free 

amine groups along the backbone positions this material as an exceptionally promising platform for the selective chelation and 

removal of heavy metal ions from wastewater [3] — turning plastic waste into a functional environmental remediation tool.  

4. Conclusions - DES-mediated aminolysis of waste PET delivers a novel functional aromatic polyamide gel in a remarkably 

efficient single step. The material features a robust supramolecular network driven by cooperative amide hydrogen bonds, an 

oligomeric or polymeric backbone unambiguously confirmed by NMR, and outstanding reversible rehydration behaviour. Its 

unique combination of a stable H-bond crosslinked architecture and accessible free amine groups makes it an exceptionally 

promising green-chemistry-derived platform for heavy metal removal from wastewater — demonstrating that plastic waste can 

be directly upcycled into high-value functional materials with real environmental impact. 
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Triazoles fungicides are among the most widely used pesticides to protect crops, herbs and fruits, but their application comes 

with health and environmental risks. Standard detection methods, such as high-performance liquid chromatography, are 

effective but expensive and time-consuming processes. This study proposes a novel, quicker and greener sensing approach 

based on fluorescence methods. Penconazole was selected as a model triazole fungicide to test out an environmentally 

compatible detection strategy employing ZnO nanoparticles as fluorophores. Penconazole is widely used, but persists in the 

environment, may pose a toxicological risk to humans and is present as residues in imported agricultural products. The EU has 

established maximum residue limits (MRLs) ranging from 0.01 to 0.2 mg/kg, while the acceptable daily intake is 0.3 mg/kg of 

body weight [1]. Systematic monitoring is therefore necessary, particularly for products originating from countries with less 

restrictive regulations. In this context, we focus on developing systems for the detection of penconazole in liquid phase using 

the fluorescent properties of ZnO nanoparticles, chosen because they are non-toxic, biocompatible and inexpensive to produce 

[2]. We developed a dual-purpose coating designed to improve the dispersion stability of ZnO and provide active sites for the 

interaction with the analyte. This has been achieved by capping the nanoparticles with N-(2-aminoethyl)-3-

aminopropyltrimethoxysilane (AEAPTMS), where the methoxy groups undergo hydrolysis and subsequent condensation with 

hydroxyl groups naturally present on the ZnO surface, forming stable Zn–O–Si bonds resulting in the formation of a thin 

organosilane layer surrounding the nanoparticles [3]. Meanwhile, the exposed terminal amine groups of AEAPTMS reduce 

particle aggregation, improve colloidal stability and enable the interaction with the analyte. IR spectroscopy was used to verify 

the surface modification, while the stability of ZnO@AEAPTMS in hydrophilic solvents was assessed by UV–Vis spectroscopy 

to monitor its dispersibility over time.Penconazole detection was performed by measuring fluorescence in relation to the 

addition of increasing amounts of the analyte to stable aqueous ZnO@AEAPTMS dispersions. Measurements were conducted 

over a concentration range of 0–10 ppm, monitoring fluorescence emission following excitation at 365 nm. Overall, an increase 

in fluorescence intensity was observed as the penconazole concentration rose up to approximately 3 ppm; beyond this, the 

signal reached a plateau. In conclusion, this approach may provide a highly sensitive detection method for penconazole and a 

more sustainable alternative to conventional techniques. 

 

Figure 1. a) Proposed hypothesis of interaction between penconazole and ZnO@AEAPTMS nanocomposite, b) fluorescence emission maxima 

in function of penconazole concentration showing linear trend. 
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In recent years, public awareness has grown significantly regarding the poor and inefficient management of water resources, 

which are increasingly vulnerable to anthropogenic pollution and uncontrolled environmental factors. Consequently, there is a 

compelling need to develop more efficient strategies for the remediation and reuse of wastewater, which largely contains highly 

toxic and poorly biodegradable industrial contaminants [1]. Among current approaches, photocatalytic oxidation using various 

transition-metal semiconductors represents a new, cost-effective, and low-impact frontier. Zinc oxide (ZnO) emerges as a 

leading candidate due to its remarkable properties, making it a viable alternative photocatalyst compared to traditional metal 

oxides. It is classified as an n-type semiconductor, characterized by a wide band gap (~3.35 eV), high electron mobility (200–

1000 cm² V⁻¹ s⁻¹), and a strong oxidative potential (+2.7 V vs. SHE—Standard Hydrogen Electrode). These features, combined 

with its ease of synthesis, low toxicity, and high surface reactivity, make it particularly suitable for photocatalytic applications 

[2]. However, its poor dispersibility in aqueous media and strong tendency to aggregate hinder its practical application; this 

necessitates surface chemistry modifications using various polymers, such as polyvinyl alcohol (PVA), to enhance dispersibility 

while preserving its optical properties [3]. Upon absorption of UV radiation, electron–hole (e⁻/h⁺) pairs are generated within 

the ZnO system; these charge carriers participate in redox processes, leading to the formation of reactive oxygen species (ROS) 

capable of attacking and degrading pollutants adsorbed on the catalyst surface [4]. 

In this work, polyvinyl alcohol-functionalized zinc oxide (ZnO-PVA), synthesized via an alternative and sustainable process, 

is employed as a novel nanomaterial for the photodegradation of a highly common pollutant, Crystal Violet. The photocatalytic 

activity of ZnO-PVA, its degradation kinetics, and the underlying reaction mechanism are thoroughly and critically 

investigated. UV–Vis spectroscopy was employed to determine the kinetic profile, and the derived rate constant confirmed the 

remarkable UV-induced photocatalytic activity of ZnO–PVA (Figure 1). The 

results demonstrate complete mineralization of the dye, achieved rapidly (90 minutes) and at low catalyst dosages (0.2 mg/mL). 

Furthermore, the degradation mechanism is elucidated using the fluorescent probe method, employing terephthalic acid as a 

scavenger for hydroxyl radicals (•OH). This study establishes ZnO-PVA as a highly suitable and promising candidate in the 

field of photocatalysis for the degradation and removal of organic pollutants, such as synthetic dyes, thereby opening new 

horizons in wastewater remediation. 

 

Figure 1. Photodegradation the crystal violet, in the presence of ZnO–PVA, monitored by UV–Vis absorption spectra. 
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1. Introduction - Excessive sodium intake remains a global health concern, with WHO recommending ≤5 g/day, a limit often 

exceeded, where bread representing a major dietary source [1,2]. Although sodium chloride is technologically essential in 

dough systems [3], mineral‑rich sea salts offer a more sustainable alternative to refined salt (RS). Their natural content of 

potassium, magnesium, and calcium enhances flavor while supporting sodium reduction [4]. Saltwell (SS), a naturally occurring 

NaCl-KCl salt from the Atacama Desert, enables ~35% lower sodium while maintaining saltiness. This study evaluates RS and 

SS (0.4-1.6%) to determine their effects on wheat bread quality and to assess Saltwell’s potential as a sustainable 

sodium‑reduction ingredient. 

2. Experimental - Bread samples were prepared using wheat flour and four salt concentrations (0.4-1.6%) of refined salt (RS) 

and Saltwell sea salt (SS), alongside a no‑salt control (sample without added salt). Sensory evaluation was conducted using a 

nine‑point hedonic scale (1-9). Physicochemical parameters (specific volume, porosity) were determined according to SR 

90:2007 [5], while textural attributes were assessed through texture profile analysis using a TA.HD Plus C instrument. Sodium 

content was quantified by atomic absorption spectroscopy in accordance with SR EN 14082:2003. 

3. Results and Discussion - Sensory analysis showed that bread made with SS had a more favourable sensory profile than 

samples with RS, due to minerals such as potassium, magnesium, and calcium that enhanced flavour, aroma, and color. RS 

breads had uniform crumb structure but a simpler sensory profile, while SS samples showed slightly higher specific volume 

and more balanced porosity, especially at 0.8-1.2%. At moderate levels (~1.2%), SS increased crumb porosity by ~1.05-1.2 

fold versus RS, suggesting more efficient gas retention. At higher concentration (1.6%), RS yielded ~1.1 fold greater specific 

volume. This concentration dependent behavior underscores the balance between sodium reduction and structural performance. 

Textural properties were strongly affected by salt concentration: hardness and chewiness increased with higher salt levels, 

indicating a denser gluten network. Springiness remained stable (≈1.00), whereas cohesiveness decreased as salt concentration 

increased. The strengthening effect observed in SS formulations may be linked to interactions between mineral ions and gluten 

proteins, which enhance network compaction and gas retention during fermentation [6]. Partial substitution of NaCl with SS 

consistently reduced sodium levels in bread, achieving about 1.5 fold lower values compared to RS. These results highlight 

Solina’s effectiveness as a sustainable strategy for sodium reduction in bakery formulations. 

4. Conclusions - The results confirm that Saltwell sea salt is a strong alternative to refined salt, enabling substantial sodium 

reduction while maintaining bread quality. SS breads showed better sensory attributes and improved structural properties, 

especially at 0.8-1.2%. Overall, SS supports healthier low‑sodium formulations without compromising technological 

performance. 
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In recent years, semiconductor metallic oxide nanoparticles have been studied as excellent photocatalytic media to remove 

toxic compounds from water and environment. Among these, crystal violet (CV) is a widely used dye known for its detrimental 

effects on human health, aquatic organisms, and the environment [1]. 

This study explores the photocatalytic potential of tin oxide-based nanoparticles (SnO2) for CV degradation. The choice of tin 

oxide is due to its several advantageous properties, including a wide band gap (~3.6 eV), low-cost and facile synthesis, natural 

abundance, and non-toxicity [2]. 

To further align with sustainable practices, we developed a facile, room-temperature synthesis in water, avoiding organic 

solvents and high-energy thermal treatments. By precisely tuning the pH during synthesis, we successfully controlled the 

nanoparticles' physicochemical properties, including the particle size, solid-phase composition, optical properties (UV 

absorption) and surface activity. 

The obtained tin oxide powders were characterized using several techniques, including X-ray diffraction (XRD), scanning 

electron microscopy (SEM), UV–Vis spectroscopy, infrared spectroscopy (IR), and thermogravimetric analysis (TGA), to 

correlate the nanoparticles’ properties with photocatalytic performance. 

Experimental 

results demonstrate that all synthesized samples exhibit high degradation efficiency in only 20 minutes of UV irradiation. 

These findings highlight a low-impact, tunable synthesis route for producing highly active SnO₂ photocatalysts, offering a 

robust and "green" solution for advanced wastewater treatment. 
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1. Introduction – The global spread of infectious diseases, driven by airborne respiratory pathogens and surface-mediated 

transmission, have become critical last years and highlights the need for sustainable, low-toxicity materials capable of broad-

spectrum disinfection. In this context, the development of antimicrobial surface coatings represents an important challenge with 

applications across diverse areas, including hospitals, public transport, or schools.  

2. Results and Discussion – In this work we present the design of metal-based hybrid materials synthesised through an eco-

friendly and enzyme-mediated process. In this strategy, the enzyme acts primarily as a structural scaffold, enabling the 

formation of metal nanoparticles (MeNPs) from different metal salts under mild synthesis conditions, often eliminating the 

need for a reducing agent. 

These bionanohybrids exhibited high antibacterial activity against a range of Gram-positive and Gram-negative bacteria, 

including WHO-priority pathogens such as Klebsiella pneumoniae and Pseudomonas aeruginosa. Among them, several 

copper-silver hybrids demonstrated particularly strong antimicrobial performance. In addition, the virucidal activity of some of 

the materials was demonstrated, achieving up to 4-log reductions of critical viruses, including SARS-CoV-2, MPOX, PRRSV, 

and several common coronaviruses. 

Furthermore, one Cu-based hybrid was successfully incorporated into different fabrics commonly used in surgical masks and 

filtration systems. The incorporation strategy was optimised to ensure strong adhesion, preserve fabric breathability, and 

maintain activity after repeated washing cycles. Then, the antiviral efficiency of the coated fabrics was evaluated against HCoV-

229E and SARS-CoV-2, with polypropylene and filter fabrics showing outstanding performance, achieving viral load 

reductions greater than 4-log. 

The incorporation of the Cu hybrid as a paint additive was also evaluated, achieving a 4-log reduction against HCoV-229E and 

more than 99% inactivation of SARS-CoV-2 after 30 min of treatment at room temperature. Notably, the material maintained 

its catalytic efficacy across a broad temperature range and preserved its antiviral activity even after 12 months of storage. 

3. Conclusions - Overall, these results demonstrate the strong potential of metal-enzyme nanobiohybrid materials as sustainable 

multifunctional materials for advanced air and surface disinfection. 
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 1. Introduction – The wine sector generates large volumes of residues annually, with grape pomace (GP) and grape stalks 

(GS) constituting the main solid fractions [1]. Their valorization through CO₂ physical activation offers a sustainable pathway 

for residue management, converting pyrolytic chars into porous activated carbons (ACs) via the Boudouard reaction (C + CO2 

⇌ 2CO) [2]. However, the combined effect of activation temperature and time on CO₂-ACs from GP/GS blend is poorly 

characterized. 

2. Experimental – A 70:30 wt% GP:GS blend obtained from a local winery (Trás-os-Montes, Portugal), was dried at 120°C, 

ground to <1 mm, and pyrolyzed at 5 °C·min⁻¹ under N 2 through isothermal steps at 400 °C (1 h) and 600 °C (1 h) up to T 3 

(800 or 900 °C), and then activated with CO 2 (100 mL·min⁻¹) for t 3 (30, 60, or 90 min), adapted from the protocol previously 

described in [3]. The yield was determined by gravimetry, and the composition (C, H, N) by elemental analysis. 

3. Results and Discussion - The key findings are summarized in Table I. Yield was systematically lower at 900°C than at 

800°C for equivalent activation times, consistent with the stronger thermodynamic driving force of the Boudouard reaction at 

higher temperature [2]. At 800°C, yield declined modestly while carbon content remained nearly constant, suggesting that 

activation at this temperature selectively gasifies non-carbonaceous components [4]. At 900°C, yield dropped sharply between 

30 and 60 min, with no further significant reduction at 90 min, while carbon content decreased progressively, consistent with 

increasing elemental carbon consumption due to prolonged CO₂ exposure at this temperature [2]. 

Table I. Activation yield and elemental composition of CO₂ Acs from the 70% GP / 30% GS blend. 

Sample AC_800_30 AC_800_60 AC_800_90 AC_900_30 AC_900_60 AC_900_90 

Yield (%) 25.68 24.39 21.42 22.54 11.41 11.93 

N (%) 1.93 ±0.08 2.00 ±0.9 2.06 ±0.13  1.79 ±0.08  1.78 ±0.08  2.29 ±0.16 

C (%) 63.19 ±1.87  65.54 ±3.90  61.02 ±6.38  69.14 ±1.15  54.99 ±4.02  45.69 ±4.53 

H (%) 0.682 ±0.053  0.626 ±0.071 0.646 ±0.034  0.544 ±0.053  0.710 ±0.149  0.706 ±0.168 

4. Conclusions - Temperature and activation time jointly govern carbon burn-off: at 800°C, yield and carbon content are 

relatively stable, whereas at 900°C, pronounced burn-off occurs primarily in the first 60 min. These findings establish a basis 

for tailoring activation severity, especially for GP–GS blends, targeting specific yield–composition trade-offs. 
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1. Introduction – The development of sustainable plant protein systems requires not only alternative biomass sources but also 

a detailed understanding of structure˗function relationships governing their behaviour in complex food matrices. Rapeseed 

cake, a major by-product of edible oil production, represents an abundant and underutilised protein-rich resource with a 

favourable essential amino acid profile and high levels of sulphur-containing amino acids [1]. Valorisation of this side stream 

aligns with circular bioeconomy principles and waste-prevention strategies. However, conventional protein isolation from 

rapeseed cake relies on highly alkaline processing (pH ≥ 12), which enhances extraction efficiency but may induce irreversible 

conformational changes, protein fragmentation, and functional alterations that ultimately affect matrix interactions, aroma-

binding capacity, and sensory performance in formulated foods [2]. From a green chemistry perspective, the replacement of 

chemically harsh extraction conditions with safer, tunable solvent systems is highly desirable. Deep eutectic solvents (DES) 

have emerged as promising green extraction media due to their low toxicity, biodegradability, negligible volatility, and capacity 

for rational solvent design through hydrogen-bond interactions [3]. Their compositional flexibility enables targeted modulation 

of solvent polarity, hydrogen-bonding capacity, and pH, allowing controlled extraction under reduced chemical severity while 

minimising structural disruption and preserving protein assemblies relevant for flavour-matrix interactions. 

2. Experimental – In this study, protein isolates were obtained from defatted rapeseed cake using three extraction approaches: 

alkaline extraction at pH 12 and two deep eutectic solvent systems, choline chloride:urea (1:2 molar ratio, 10% water; pH 7.60) 

and betaine:citric acid (1:1 molar ratio, 20% water; pH 2.45). Extractions were performed at 60 °C with ultrasound assistance, 

followed by centrifugation, ethanol precipitation, washing, and freeze-drying. Protein yield and purity were determined, and 

structural properties were evaluated by FTIR spectroscopy together with amino acid and techno-functional analyses 

3. Results and Discussion – Alkaline extraction achieved the highest protein recovery (36.9%), followed by DES2 (31.2%) 

and DES1 (23.2%). However, DES1 yielded the highest protein purity (95.8% on a dry matter basis), exceeding alkaline 

extraction (86.0%) and DES2 (70.3%). FTIR spectroscopy revealed pronounced conformational alterations and broader 

molecular weight distribution under alkaline conditions, whereas DES systems, particularly DES1, preserved higher-order 

protein assemblies such as cruciferin oligomers. Amino acid profiling confirmed a balanced composition across isolates, with 

enhanced preservation of sulphur-containing amino acids in DES-based systems. The improved structural preservation 

translated into favourable techno-functional properties, confirming the relevance of solvent-driven structure˗function 

relationships in plant protein systems. 

Importantly, the isolates were successfully incorporated into model food matrices, including omega-3-enriched pâté, crackers, 

and protein-enriched spreads. The results indicate that extraction-induced structural differences modulate matrix organisation 

and may influence flavour retention, release dynamics, and overall sensory perception, providing a physicochemical foundation 

for understanding protein-driven flavour behaviour in complex systems. 

4. Conclusions – Deep eutectic solvents offer sustainable alternatives to harsh alkaline extraction for rapeseed protein isolation. 

DES systems, particularly choline chloride:urea, enabled high-purity protein recovery with improved structural preservation 

and favourable functional performance in food matrices. Beyond techno-functional attributes, maintaining higher-order protein 

organisation may contribute to controlled flavour interactions within complex matrices. This approach supports circular 

biomass valorisation while aligning with Green Chemistry principles of safer solvent design and reduced chemical severity, 

providing a sustainable platform for advanced plant protein integration with flavour-relevant functionality in food systems. 
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1. Introduction – The presence of emerging contaminants in aquatic environments has become a growing concern due to their 

persistence and potential ecological and human health impacts. Among these compounds, pharmaceuticals such as venlafaxine, 

ciprofloxacin and o-desmethylvenlafaxine are frequently detected in 

wastewater effluents, as conventional treatment processes are often 

ineffective for their complete removal. 

In this context, microbial fuel cells (MFCs) (Figure 1) have emerged 

as a promising technology for simultaneous wastewater treatment 

and energy recovery. These bioelectrochemical systems exploit the 

metabolic activity of electroactive microorganisms to degrade 

organic pollutants while generating electricity. However, the 

application of MFCs for the removal of pharmaceutical 

micropollutants is still under investigation, particularly regarding 

degradation efficiency and system performance [1][2]. 

The main objective of this work is to evaluate the feasibility of MFCs 

for the removal of selected pharmaceutical contaminants, focusing 

on their potential degradation and the influence of operational 

conditions on system performance. 

2. Experimental – Single-chamber microbial fuel cells (250 mL wastewater capacity) were constructed and operated under 

controlled laboratory conditions. The anode and cathode compartments were separated by a proton exchange membrane 

(Nafion®) Carbon-based materials were used as electrodes to support biofilm formation and electron transfer. The systems were 

inoculated with mixed microbial consortia obtained from wastewater treatment facilities (venlafaxine, ciprofloxacin and O-

desmethylvenlafaxine). Synthetic wastewater was used as feed, supplemented with target contaminants at environmentally 

relevant concentrations. 

3. Results and Discussion - Preliminary results indicate that MFCs are capable of operating stably under the tested conditions, 

generating measurable electrical output. The presence of pharmaceutical compounds such as venlafaxine and o-

desmethylvenlafaxine did not inhibit microbial activity significantly during the initial stages of operation, while the presence 

of ciprofloxacin offered negative impact on power performance. However, removal efficiencies varied depending on the 

compound and operational conditions, indicating the need for further optimization. The results highlight the complex interaction 

between microbial communities, electrode processes, and contaminant structure.  

4. Conclusions - MFCs can contribute to contaminant attenuation while maintaining bioelectrochemical activity. However, the 

presence of ciprofloxacin showed a more pronounced negative effect on power density compared to the other compounds, 

indicating a possible inhibitory impact on electroactive microbial communities. 
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1.Introduction Reducing the environmental footprint of the food industry requires the conversion of agro-industrial by-

products into value-added materials within a circular-bioeconomy framework. Pear pomace — the solid residue left after juice 

extraction — accounts for roughly 25–30% of the original fruit mass and is most often discarded or downgraded to animal feed 

[1]. Yet it is rich in dietary fibre, polyphenols, and other bioactive compounds, making it an attractive feedstock for cleaner 

production routes that recover food-grade ingredients while diverting waste from landfill. 

Drying is the key stabilisation step that determines whether such valorization is technically and energetically viable. The choice 

of drying technology directly affects energy consumption, processing time, and the survival of heat-sensitive bioactives. This 

work compares two industrially relevant approaches — forced convective drying and infrared (IR) drying — at 60, 65, and 70 

°C, and evaluates them through the lens of green-process selection: drying kinetics, effective moisture diffusivity (Deff), and 

activation energy (Ea) obtained from an Arrhenius analysis. 

2. Results and Discussion Convective drying achieved shorter drying times and higher drying rates than IR drying at all 

temperatures, despite similar Deff values. This apparent paradox is resolved by recognizing that overall drying rate depends on 

both internal diffusion (Deff) and external mass transfer resistance. Forced air eliminates external resistance, enabling rapid 

vapor removal from the surface [1]. In contrast, IR drying causes surface overheating (15–30°C above nominal temperature), 

leading to case-hardening and crust formation that impedes moisture escape during the falling-rate period [2]. The absence of 

active vapor removal in IR drying allows moisture accumulation at the surface, reducing the vapor pressure driving force. The 

higher Ea of IR drying (17.88 vs 14.20 kJ/mol) confirms stronger temperature dependence, a signature of surface-crust-limited, 

thermally activated transport [2]. Convective drying’s lower Ea reflects the dominance of external mass transfer, which is less 

temperature-sensitive. 

3.Conclusions Forced convective drying is faster and more favourable for bioactive retention than IR drying for pear pomace, 

even though the two methods yield comparable Deff. The advantage originates from the elimination of the external mass-

transfer bottleneck and from avoiding surface crusting, rather than from any change in internal diffusivity. The 

results show that Deff alone is insufficient to predict drying performance: external resistance, surface phenomena, and thermal 

uniformity must all be considered when selecting a drying route. From a green-engineering standpoint, convective drying is 

recommended for pear-pomace valorization as a cleaner industrial process for recovering bioactive ingredients from agro-

industrial by-products, and as an enabling technology for circular-bioeconomy strategies in the fruit-processing sector — 

directly aligned with the conference themes of sustainable finite-resource exploitation, cleaner industrial processes, and 

innovative technologies for industrial green procedures. 

4. Acknowledgments This work was supported by a grant of the Ministry of Research, Innovation and Digitization, CNCS – 
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1. Introduction – Marine seaweeds are valuable sources of bioactive compounds with potential applications in food, 

pharmaceutical, and biomedical industries. Laminaria ochroleuca is a brown alga that contains compounds such as fucoidan 

and phlorotannins, which exhibit relevant biological activities. The extraction of these compounds from marine biomass and 

their stabilization remain as important challenges for their industrial application. 

In this context, pressurized hot water extraction (PHWE) represents a sustainable and environmentally friendly alternative, as 

it uses only water as solvent and heat as energy source, avoiding the use of organic solvents 

[1]. Sequential extractions, increasing temperature, enable the selective recovery of different 

bioactive fractions from L. ochroleuca, such as fucoidan and phenolic compounds. Further 

encapsulation steps through spray drying could provide an effective strategy to improve 

compound stability and preservation. In this regard, algae-derived polymers such as alginate, 

mannitol, or carrageenan may serve as suitable carrier materials for microparticle production 

[2]. 

The aim of this work is to optimize a sustainable sequential extraction process for the 

recovery of bioactive fractions from L. ochroleuca, to produce functional microparticle 

(Figure 1), as a stabilization strategy for the bioactive compounds and assess the biological 

activity of the obtained extracts and microparticles against tumour cells using an MTT assay.  

2. Experimental – The extracts were recovery through sequential pressurized hot water 

extraction at increasing temperatures (first step at 150 °C to promote sulphate fucoidan 

extraction, and then 180, 200 and 220 °C for the recovery of phlorotannins and other antioxidant compounds). Selected fractions 

were encapsulated by spray drying and evaluated through MTT assays against HeLa 229 (human cervix adenocarcinoma) cell 

line. 

3. Results and Discussion – MTT assays provide results of cytotoxicity for both the extract and the encapsulated formulations, 

which exhibited relatively significant cytotoxic effects against tumour cells. The sequential fractions obtained at 150 and 220 

°C showed the highest response, with an Emax of 80 ± 4% and an IC50 value of 0.150 ± 0.006 mg/mL. These results suggest that 

sequential extraction may influence the bioactivity of the obtained fractions, while spray drying encapsulation could contribute 

to the preservation and potential improvement of their biological performance. 

4. Conclusions - This work shows a sustainable solvent-free extraction of bioactive fractions from Laminaria ochroleuca, 

combined with spray drying encapsulation to improve stability. The approach aligns with green chemistry principles and 

circular bioeconomy strategies for marine biomass valorisation. 
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Figure 1: SEM image of a 
microparticle obtained by 
spray drying 
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1. Introduction – The valorization of brown macroalgae has become an area of increasing interest due to their potential as 

renewable sources of high-added-value compounds. Among these edible species, Undaria pinnatifida, represents an attractive 

biomass for biotechnological applications, mainly because of its content of structurally and functionally diverse 

polysaccharides. Laminarin, fucoidan, and alginate are among the most relevant fractions, offering properties related to 

biological activity, including antioxidant, immunomodulatory, anticancer, and anticoagulant effects, as well as technological 

functionality associated with their rheological behaviour. Within a biorefinery approach, the selective recovery of these 

compounds requires extraction processes that combine efficiency with environmental sustainability. In this regard, non-

conventional technologies such as pressurized hot water extraction, microwave-assisted extraction, and ultrasound-assisted 

extraction provide suitable alternatives to traditional methodologies, enabling the recovery of these bioactive fractions while 

reducing solvent consumption and environmental impact [1,2]. The main aim of this work is to obtain bioactive fractions from 

U. pinnatifida using ultrasound-assisted extraction with water as the solvent. A secondary objective is to evaluate the 

antioxidant and antitumoral potential of the obtained fractions.  

2. Experimental - Ultrasound-assisted extraction was applied to obtain water-soluble fractions from U. pinnatifida, using 

distilled water as a green extraction solvent. The assays were carried out at 40 °C with a solid-to-liquid ratio of 1:20 (w/w), 

operating at 80 Hz and full power. Extraction time was assessed as the variable parameter, with treatments performed from 30 

min up to 3 h. The resulting fractions were evaluated according to their phloroglucinol content, antioxidant activity (TEAC 

value), oligosaccharide profile and sulfate content. In addition, the antitumor activity of the extracts was assessed against human 

cervical adenocarcinoma cells (HeLa 229 cell line) at an extract concentration of 0.1 mg/mL. 

3. Results and Discussion - The sonication time up to 3 h led to the highest antioxidant capacity and sulfate content; however, 

no significant improvement was observed compared with the 2 h treatment. Therefore, the 2 h extract was selected for further 

analyses, offering a more efficient process in terms of time, energy, and resource consumption without loss of effectiveness. 

Phloroglucinol content reached its maximum after 1 h of sonication, with only minor differences relative to the 2 h extract. The 

subsequent decrease observed at longer extraction times may indicate partial degradation of phenolic compounds, supporting 

the use of shorter extraction periods. Antitumor activity was comparable among the extracts, with inhibition of HeLa 229 cell 

growth ranging between 40 and 48%. This narrow variation suggests that, under the conditions tested, extraction time had a 

limited influence on the antiproliferative response. 

4. Conclusions - Ultrasound-assisted extraction using water as the solvent proved to be an effective and environmentally 

friendly approach for obtaining bioactive fractions from U. pinnatifida. The 2 h extraction time offered a suitable balance 

between compound recovery, antioxidant and antiproliferative potential, and process efficiency, supporting its application in 

the sustainable valorization of brown macroalgae. These findings align with current trends toward greener extraction processes 

and the development of marine biomass-derived ingredients with potential applications in high-value sectors. 
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1. Introduction – Phospholipids (PLs) naturally exhibit surface-active behaviour, which makes them useful across food, feed, 

cosmetic, and pharmaceutical applications [1]. By enzymatically altering their fatty acid profile, their physicochemical 

characteristics can be precisely adjusted, broadening their functionality as emulsifiers while maintaining compliance with green 

chemistry principles.  

Enzymatic reactions are central to Green Chemistry, supporting Principles 9 and 5. Unlike conventional catalysis that often 

involves toxic metals, harsh conditions, and organic solvents, enzymes work under mild conditions, reducing energy use and 

environmental impact. Their ability to be immobilized and reused further enhances sustainability and cost-effectiveness [2]. In 

our work to date, we have applied various enzymatic strategies, such as lipase-catalyzed interesterification and acidolysis, to 

selectively modify phospholipids derived from egg yolk. These approaches enabled the incorporation of unsaturated n-3 and 

n-6 fatty acids into the structure of PLs [3]. 

Within the INBIOWAL project, lipids obtained from vegetable oil refining by-products are upgraded through enzymatic 

transformations to produce novel PLs containing oxyfatty acid moieties. This approach enables the conversion of low-value 

waste streams into high-value functional compounds while reducing environmental impact. The increased polarity of the 

modified acyl chains leads to PLs with lower critical micelle concentration (CMC) and enhanced ability to decrease surface 

tension [4], thereby improving their applicability in food systems. At the same time, the process adheres to green chemistry 

principles by employing renewable biocatalysts and sustainable design strategies. 

2. Experimental - In model experiments, the substrates included commercially available soy lecithin, composed predominantly 

of phosphatidylcholine (PC), and (R)-10-hydroxystearic acid (HSA), produced from oleic acid using oleate hydratase from 

Lactobacillus rhamnosus ATCC 53103 [5]. The initial stage focused on enzymatic acidolysis of PC employing different lipases 

and the effect of solvent type, acid-to-PC molar ratio, enzyme dosage, and temperature on the incorporation of HSA into PC. 

Following the reaction, the solvent was removed by evaporation, and the modified PC was purified from the mixture using 

flash chromatography. The fatty acid profiles of both native and modified PC were subsequently analyzed by gas 

chromatography after conversion of the samples into fatty acid methyl esters (FAMEs). 

3. Results and Discussion – Among the enzymes evaluated, lipase B from Candida antarctica (CALB) showed the highest 

efficiency for HSA incorporation. Raising the acid-to-PC molar ratio from 1:1 to 3:1 progressively enhanced the incorporation 

level, reaching 25.2% at the 3:1 ratio. However, a further increase to 4:1 led to a marked decline, with incorporation dropping 

to 7.5%. A reduction of the enzyme dosage from 20% to 10%, as well as an increase from 20% to 30%, resulted in a decrease 

in the degree of acid incorporation into PC. In addition, reducing the reaction temperature from 40°C to 20°C did not 

significantly affect the incorporation of HSA. 

4. Conclusions – The optimal parameters for CALB-catalyzed incorporation of HSA into soy-derived PC were established at 

40°C, with an acid-to-PC molar ratio of 3:1 and an enzyme loading of 20%. The reaction should be limited to 24 h, as longer 

durations promote PC hydrolysis and reduce the extent of fatty acid incorporation. From a green chemistry standpoint, these 

conditions are beneficial, as they employ a biocatalyst, operate at moderate temperature, and require a relatively short reaction 

time, thereby lowering energy demand, minimizing side-product formation, and enabling a more sustainable approach to 

phospholipid modification. 

Acknowledgements – This research was financed by the Polish National Agency For Academic Exchange (NAWA), project 

BNI/PST/2023/1/00046. 
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1. Introduction - Enzymatic processes are a cornerstone of Green Chemistry, embodying Principle 9 (Catalysis) and Principle 

5 (Safer Solvents and Auxiliaries). Unlike conventional chemical catalysis which often requires toxic metals, high temperatures, 

and organic solvents, enzymes operate under mild conditions, often at ambient temperature and pressure, minimizing energy 

use, hazardous waste, and environmental impact [1]. 

Phospholipids possess intrinsic surface-active properties, making them valuable in food, feed, cosmetics, and pharmaceuticals 

[2]. Enzymatic modification of their fatty acid composition precisely tunes their physicochemical properties, expanding their 

potential use a emulsifiers while adhering to green manufacturing principles. In our studies thus far, we have employed a range 

of enzymatic approaches, including interesterification and acidolysis catalyzed by immobilized lipases, to selectively modify 

egg yolk-derived phospholipids by incorporating various biologically active fatty acids, including conjugated fatty acids [3].  

In the INBIOWAL project, lipids from vegetable oil refining waste are biovalorized via enzymatic processes to synthesize 

novel phospholipids with hydroxy- and oxo-fatty acid residues. This sustainable biotechnology converts low-value waste into 

high-value functional molecules while minimizing environmental impact. The modification of acyl residues yields 

phospholipids with reduced critical micelle concentration [4], enhancing their functional performance in food technology while 

aligning with green chemistry principles through the use of renewable biocatalysts and sustainable design. 

2. Experimental - In the model studies, the substrate was commercially available soy lecithin, composed almost entirely of 

phosphatidylcholine (PC), and 10-ketostearic acid (KSA), obtained by the Jones’s oxidation of (R)-10-hydroxystearic acid. 

Initial experiments investigated the enzymatic acidolysis of PC with KSA, catalyzed by various enzymes. For the most active 

biocatalyst, the effects of solvent, acid-to-PC molar ratio, enzyme dosage, and temperature were systematically optimized to 

maximize oxyacid incorporation into PC. After purification by flash chromatography, the fatty acid composition of native and 

modified PC was determined using gas chromatography. 

3. Results and Discussion – Among all tested enzymes, the highest incorporation of KSA was observed in the reaction 

catalyzed by lipase B from Candida antarctica (CALB). Among the solvents tested in the reaction system toluene was selected 

as the most effective reaction medium, both in terms of acids solubility and incorporation efficiency. Increasing the acid:PC 

molar ratio from 2:1 to 4:1 did not affect the incorporation degree of KSA, whereas increasing the enzyme dosage from 10% 

to 20% significantly improved the incorporation. Lowering the reaction temperature from 40 to 20 resulted in a significant 

decrease in KSA incorporation from 18% to 9%.  

4. Conclusions – Optimal conditions for the CALB-catalyzed incorporation of KSA into soy PC, were identified as 40°C, an 

acid-to-PC molar ratio of 3:1, and an enzyme loading of 20%. The reaction time should not exceed 24 h, as prolonged incubation 

leads to increased hydrolysis of PC and a concomitant decrease in fatty acid incorporation. From a Green Chemistry perspective, 

these conditions are advantageous due to the use of a biocatalyst, moderate temperature, and relatively short reaction time, 

which collectively minimize energy consumption, reduce by-product formation, and support the more sustainable modification 

of phospholipids. 
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1. Introduction 

The increasing demand for sustainable protein sources has intensified interest in the valorization of agro-industrial by-products. 

Rapeseed cake, a by-product of cold-pressing of rapeseed oil, contains approximately 30% protein and represents a promising 

feedstock for biorefinery applications [1]. The development of sustainable and efficient protein extraction methods is therefore 

of considerable interest. Deep eutectic solvents (DESs) have recently emerged as attractive green solvents owing to their low 

volatility, biodegradability, ease of preparation, and tunable physicochemical properties [2]. The aim of this study was to 

evaluate the influence of DES composition on the extraction and recovery of protein-rich fractions from rapeseed cake. 

2. Experimental 

Fifteen DESs were prepared using choline chloride, betaine, and choline bitartrate as hydrogen bond acceptors, combined with 

glycerol, propylene glycol, sorbitol, xylitol, and lactic acid as hydrogen bond donors. Protein extraction from rapeseed cake 

was performed using DES, followed by antisolvent precipitation of protein-rich fractions. The obtained precipitates were 

analyzed by ATR-IR, 13C CP-MAS NMR, and SDS-PAGE. Protein content was calculated from the nitrogen content 

determined by elemental analysis using the conventional nitrogen-to-protein conversion factor of 6.25. 

3. Results and Discussion 

The composition of the DESs significantly affected both the amount of protein-enriched precipitate obtained and the protein 

content of the recovered fractions. Depending on the solvent system employed, the amount of precipitate ranged from 1.10 to 

10.65 g per 100 g of rapeseed cake, while the protein content varied from 39.4% to 68.75%. The largest amount of protein-

enriched precipitate was obtained using the choline chloride-xylitol DES system, yielding 10.65 g per 100 g of rapeseed cake. 

In contrast, the highest protein content (68.75%) was achieved for fractions recovered using DESs based on choline chloride-

glycerol and betaine-sorbitol. Comparison of the ATR-IR and 13C CP-MAS NMR spectra of the initial rapeseed cake, protein-

enriched precipitates, and residual biomass after extraction revealed differences in protein-related signals associated with 

protein fractionation. 

4. Conclusions 

The study demonstrates the potential of deep eutectic solvents for protein recovery from rapeseed cake. Significant differences 

in both the amount of recovered precipitate and its protein content were observed among the investigated solvent systems. 

This work was supported by the Polish National Agency for Academic Exchange under Grant No. 

BNI/PST/2023/1/00046/U/00001. 
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1. Introduction – Lactic acid is one of the primary platform chemicals for the green chemistry of the future because it has both 

carboxylic and hydroxyl groups which provides a high versatility to be used as precursor of several useful chemicals. 

Commercially pure lactic acid is produced by microbial fermentation of carbohydrates using lactic acid bacteria (LAB). During 

the lactic fermentation, the pH of the broth is decreasing because of the acid production. At low pH, the undissociated form of 

the acid has high membrane permeability and may go into the cell via passive diffusion resulting in cellular death. Therefore, 

the recovery of lactic acid from aqueous streams is a key step in the sustainable production of biobased chemicals. In this work, 

liquid–liquid extraction using hydrophobic deep eutectic solvents (DES) formulated with terpenoid hydrogen bond donors 

(HBDs) is investigated as a green alternative to conventional organic solvents. DES based on menthol, thymol and geraniol 

were prepared and evaluated in combination with suitable hydrogen bond acceptors to assess their extraction performance [2-

3]. 

2. Experimental - Experiments were carried out at room temperature using a phase ratio 1:1 and an initial aqueous 

concentration of lactic acid of 100 g/L. The phases were stirred at 500 rpm for 30 minutes and left to settle until a clear phase 

separation was reached. The initial and final concentration of lactic acid in the aqueous phase was determined by treating the 

samples with a 0,5% w/v FeCl3 solution. The yellow complex formed was analyzed with UV-vis spectrophotometry at 400 nm. 

3. Results and Discussion - The results show that terpenoid-based DES exhibit affinity toward lactic acid, driven by hydrogen-

bonding interactions and acid–base equilibria, achieving reasonable extraction yields while maintaining low miscibility with 

water.  

4. Conclusions - Overall, this study demonstrates that terpenoid-based DES are sustainable solvents for the extraction of lactic 

acid, offering advantages in terms of environmental compatibility, tunability, and performance, representing a potential 

alternative for downstream processing in biorefinery applications. 
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1. Introduction – Halloysite nanotubes (HNTs) are natural clays with a hollow tubular morphology that can be exploited for 

the development of sustainable materials useful in a wide range of applications, including environmental remediation, drug 

delivery and conservation of Cultural Heritage. In this work, we present recent green protocols based on HNTs for the 

conservation and restoration of Cultural Heritage. Halloysite nanotubes are natural aluminosilicates with unit formula 

Al2Si2O5(OH)4·2H2O. Depending on the geological source, the dimensions of the hollow tubular nanoclay may vary from 50 

to 100 nm for the external diameter, from 15 to 50 nm for the inner diameter and from 0.2 to 3 μm for the length.   

2. Experimental – Halloysite nanotubes were used without any purification treatment in the sustainable protocols developed 

for the protection and restoration of artworks.  

3. Results and Discussion - Within Cultural Heritage applications, HNTs have been recently investigated for coating protection 

of stone surfaces and historical wool yarns assuring reinforcement and photo-protection. It was proved that aqueous dispersions 

of keratin and halloysite can be used for dipping coating of wool threads inducing improvements of the tensile resistance and 

UV-shielding capacity due to the synergistic actions of protein and clay nanotubes, which increase the light reflectivity.   

Furthermore, HNTs are efficient to develop innovative technologies for surface cleaning of different types of materials, such 

as glass, paintings and marble. Biopolymeric gels with HNTs stabilized hydrocarbons droplets (such as isooctane and decane) 

are efficient for surface cleaning as demonstrated by wettability tests and colorimetric analyses. Recently, a novel sustainable 

cleaning system for corroded copper surfaces was developed by incorporating a W/O Pickering emulsion into a 

polyhydroxybutyrate-based organo-gel [1]. 

Halloysite clay nanotubes are proper fillers for consolidation and deacidification of lignocellulosic artworks, including 

archaeological woods and papers. The loading of HNTs cavity with alkaline compounds, such as calcium hydroxide and 

magnesium oxide, led to obtain modified nanotubes that can protect the structure of lignocellulosic materials from acidic attack 

preventing their compactness and mechanical resistance. In addition, Pickering emulsions based on wax and halloysite 

nanotubes have been successfully employed for consolidation of waterlogged archeological woods. The filling of the wooden 

channels with microwax particles (stabilized by HNTs at their interface) significantly improved the robustness and compression 

resistance of archaeological woods.    

Recently, adsorbent materials for CO2 and VOCs compounds have been developed by incorporating HNTs within gel systems 

based on biopolymers, including alginate [2] and chitosan [3]. The capturing capacity of the composite biopolymer/HNTs gels 

can be promising for preservation of artworks collected in museum environments.     

4. Conclusions - The attained knowledge highlights that clay nanotubes are proper nanomaterials to develop ecocompatible 

protocols for conservation and restoration of Cultural Heritage within a wide range of applications.   

5. References 

[1] G. D’Agostino, P. Petrasz, W. Qing, H. Zhou, M. Stols-Witlox, L. Bertrand, E. Joseph, G. Cavallaro, G. Lazzara, J. Colloid 

Interface Sci. 703, (2026), 139189. 
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1. Introduction – Pickering emulsions (PEs) are stabilized by solid micro- or nanoparticles rather than conventional 

surfactants.[1] Their simple preparation, high stability, narrow droplet size, and biocompatibility make them attractive for both 

fundamental research and practical applications. By tuning the physicochemical properties of the 

emulsifiers, PEs can be tailored for diverse technologies, with applications ranging from food and 

biomedical industries to cosmetics, cultural heritage, catalysis, and environmental remediation.[2]  
Here, we present a novel oil-in-water-in-oil Pickering double emulsion prepared with halloysite 

nanotubes.[3] Stability was achieved by combining pristine and surface-modified nanotubes, 

which selectively stabilized the oil-in-water and water-in-oil interfaces. Furthermore, we propose 

a holistic approach to design wax microparticles stabilized by hematite cubes via Pickering 

emulsification. These multifunctional microparticles act as self-assembled devices for pollutant 

degradation and removal, combining magnetically induced motion with light-activated 

photocatalytic activity within a single particle. 

2. Experimental – The Pickering double emulsions were prepared by mixing and stirring the two 

o/w and w/o emulsions, through the combined use of pristine and surface-modified halloysite nanotubes. A hierarchical 

structure with oil microdroplets encapsulated within water droplets dispersed in bulk oil was formed. The hematite-stabilized 

Pickering emulsions were developed by the self-assembly of the starting building block under the effect of temperature. An 

annealing protocol was carried out to improve the magnetic properties of the materials.  

3. Results and Discussion - The stability of the double emulsions was achieved by tuning the wettability of the emulsifiers, 

which selectively stabilized the oil-in-water and water-in-oil interfaces in the two separately prepared colloids. Fluorescence 

microscopy and particle-tracking analyses confirmed that the oil droplets confined within the double emulsion exhibit Brownian 

motion with reduced diffusion coefficients. Regarding the hematite-stabilized Pickering emulsions, we present a holistic 

approach for the design of magnetically and photoactively functional hybrid microparticles. These particles are formed by the 

self-assembly of hematite cubes anchored on the surface of solid wax spheres through a Pickering emulsification process. Both 

the hematite cubes and wax play multiple, cooperative roles that collectively determine the morphology and functionality of 

the resulting particles. Under an external magnetic field, the particles exhibit controlled motion, while upon visible-light 

irradiation, they catalyze the decomposition of hydrogen peroxide, generating oxygen bubbles at their surfaces. This dual 

magnetic–photocatalytic functionality enables both spatial steering and light-triggered activation of chemical reactions. 

4. Conclusions - The resulting dual-compartment structure enables the simultaneous encapsulation of hydrophilic and 

hydrophobic species, offering opportunities for controlled delivery and multifunctional formulations, while the straightforward 

Pickering-assisted approach provides a versatile, environmentally friendly strategy to produce self-assembled microdevices for 

applications in pollutant degradation, catalysis, and soft microrobotics. 
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Image 1. Pickering double emulsions 
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1. Introduction – Halloysite nanotubes (HNTs) are emerging as versatile precursors for the development of sustainable hybrid 

materials with enhanced thermal, mechanical, and functional properties.  

In particular, their geopolymerization under alkaline conditions enables the formation of 

inorganic aluminosilicate networks that is promising for applications requiring thermal 

stability, fire resistance, and environmental remediation. In this work, different halloysite-

based systems, including wood, biopolymeric beads, and cellulose-based films, have been 

investigated to explore the effect of geopolymerization on structural, thermal, and functional 

properties. 

2. Results and Discussion – Geopolymerization of halloysite within porous and polymeric 

matrices leads to substantial improvements in material performance, although the extent of 

these enhancements depends on the substrate morphology and treatment conditions. 

In wood systems, alkaline activation of halloysite promotes the formation of an inorganic 

network within the porous structure, resulting in improved dimensional stability, reduced compressibility, and enhanced 

thermal and flame resistance. Thermogravimetric analysis and flame tests reveal the formation of stable char residues, 

indicating a significant suppression of volatilization processes. Additionally, the treatment provides a buffering effect under 

acidic conditions, mitigating pH variations and color changes. 

For alginate based systems, geopolymerization enables the transformation of beads into hollow spherical capsules with 

increased porosity and internal cavities (Image 1). This structural evolution enhances water uptake, mechanical flexibility, and 

overall adsorption capacity. The geopolymerized materials show improved adsorption of hydrocarbons (dodecane and phenol), 

with dodecane uptake increasing from 21% to 38%. Notably, also the CO2 capture efficiency is significantly improved, with 

adsorption capacity doubling after short alkaline treatments, highlighting the potential of these materials for environmental 

applications. 

In cellulose-based films, the incorporation of halloysite nanotubes already improves flame retardancy, while subsequent 

geopolymerization further enhances thermal stability and mechanical resistance. The formation of heat barrier layers effectively 

inhibits flame propagation. Interestingly, thermogravimetric analysis indicates a decrease in the activation energy of 

degradation, suggesting modifications in degradation pathways induced by the inorganic phase. 

3. Conclusions – The geopolymerization of halloysite nanotubes represents a versatile and scalable strategy for the design of 

advanced hybrid materials with tailored properties. Across different systems, this approach consistently enhances thermal 

stability, fire resistance, and mechanical performance, while also enabling additional functionalities such as pollutant adsorption 

(dodecane, phenol and CO2) These findings demonstrate the broad applicability of halloysite-based geopolymers in fields 

ranging from environmental remediation to advanced material engineering. 

4. References 
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Image 1. SEM images of Gel bead after 

geopolymerization 
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1. Introduction – Nowadays, the global predominance of non-treatable or hard-to-treat diseases has been worsening rapidly, 

mostly driven by an ageing population worldwide. Therefore, innovative biopharmaceuticals, including monoclonal antibodies 

(mAbs), have been developed and manufactured to effectively address this problem. Unlike chemical drugs, mAbs are derived 

from living cells, which, in turn, entails a more complex and labile product. Indeed, their manufacturing presents significant 

challenges in their production (upstream) and subsequent stages (downstream), driving up costs and timelines [1]. In this 

context, it is estimated that the downstream stage can represent up to 80% of the mAbs manufacturing process costs [2]. 

Therefore, it is of utmost importance to develop novel, cost-effective and sustainable alternative processes for the extraction 

and purification of these high-value biopharmaceuticals. Novel ionic-liquid-based (IL-based) alternative strategies for the 

downstream processing of antibodies have been investigated by us. ILs were chosen mainly due to their green and designer 

solvent character. This feature of ILs allows tailoring the polarity, interactions and selectivity of the developed processes, 

allowing us to overcome some technical limitations of the conventional ones, while simultaneously conferring them sustainable 

features. 

2. Experimental – This presentation will review three types of IL-based platforms for antibody downstream processing, namely 

aqueous biphasic systems (ABS), three-phase partitioning (TPP) and supported ionic liquids (SILs). 

3. Results and Discussion - ABS containing ILs as adjuvants were investigated, allowing the extraction and purification of 

human antibodies (polyclonal and monoclonal antibodies) with good performance in a single step. More biocompatible and 

sustainable ILs were also studied as phase-forming compounds of ABS, while showing the possibility of using TPP approaches 

based on ABS for the purification and recovery of human antibodies. Finally, new chromatographic matrices were proposed 

based on SILs materials, able to capture and/or purify antibodies from their complex biological media through two different 

mechanisms, namely through the flow-through-like and bind-and-elute-like modes. 

4. Conclusions – This presentation will review the major outcomes achieved in the field, showing that ILs, if properly designed, 

can be successfully applied in the extraction, purification and/or recovery of human antibodies, being promising alternative 

platforms for the downstream processing of antibody-based biopharmaceuticals. These advances represent a stepping stone 

towards the implementation of novel, more sustainable and cost-effective manufacturing processes in the biopharmaceutical 

industry. 

5. References 
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1. Introduction – Aviation contributes approximately 3% of global greenhouse gas emissions, motivating the development of 

sustainable aviation fuels (SAF) and emission-reduction strategies to support Net Zero targets by 2050. In this work, 

nanoparticles of Zn-layered structures and graphitic carbon nitride (GCN) were synthesized from waste-derived resources, 

including used rapeseed oil and biomass, such as orange peel, grass, aloe vera, and pine 

tree-needle parts. These nanoadditives were blended with jet fuel at concentrations of 5, 

10, and 15 ppm, and their combustion behavior was evaluated using a TA-8 gas turbine 

aviation engine. Several engine parameters, including compressor pressure and exhaust 

temperature, exhibited slightly lower values. In terms of emissions, both Zn-layered 

structure and GCN nanoadditives reduced NOx and CO emissions with both Jet A-1 

petroleum-based fuel and SAF. Selected physicochemical fuel properties were also 

evaluated to assess partial compliance with ASTM D1655 jet fuel and SAF 

specifications. 

2. Experimental – The nanoparticle synthesis team developed green synthesis routes 

for the nanoparticles and prepared colloidal fuels (G.H., P.P., L.C., P.R., E.R.). The 

engine team performed combustion and emission tests using TA-8 gas turbine engine 

(M.P., M.S.I.), and the resulting data of emissions were analysed and calculated (P.R.). The fuel analysis team evaluated 

selected physicochemical fuel properties against ASTM D1655 specifications, and the nanoparticle characterization team 

carried out XRD, TEM, SEM, FT-IR, XPS, UV-Vis, and photoluminescence spectroscopy and fuel analyses (G.H., P.P., L.C., 

L.R., I.G., E.R., P.R.). 

3. Results and Discussion – Zn-layered structures and graphitic carbon nitride were successfully synthesized in this work. 

Rietveld refinement confirmed an orthorhombic structure, while the graphitic carbon nitride samples contained secondary 

phases and graphitized carbon depending on the synthesis route. The Zn-layered structures exhibited particle sizes ranging from 

18 to 45 nm. Colloidal dispersions of the nanoparticles in jet fuel were successfully prepared with a stability of over 4 months.  

 

4. Conclusions - NOx emissions were reduced by 10–18% depending on the fuel 

type (Jet A-1 or SAF) and nanoparticle formulation (Table 1). The reduction is 

likely associated with nanoparticle-induced changes in atomization, radical 

chemistry, and local combustion temperatures. 
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   Image 1. TEM images of GCN (a) and (b) 

and Zn-layered structures (c) and (d) 

Table I. NOx emission reduction 

 Fuel 
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particle 

NOx %reduc-tion 

SAF GCN 10 

Jet A-1  Zn-

layered 

18 
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1. Introduction - Lead (Pb) contamination in soil is a persistent environmental problem due to its toxicity, non-biodegradable 

nature, and long-term accumulation in terrestrial ecosystems [1]. Conventional remediation methods, including excavation, soil 

washing, and phytoremediation, are often associated with high operational costs, secondary waste generation, and ecological 

disturbance. In view of the need for low-impact and sustainable soil remediation technologies [2], this study investigates the 

use of functionalized recycled foamed-glass sorbents for Pb-contaminated clay soils. Clay soils effectively retain heavy metals 

due to their fine particle size, high surface area, and negatively charged surfaces, which promote Pb²⁺ adsorption and long-term 

accumulation. Both raw Porous Alpha (PA) foam glass (selected as a support), and nanostructured surface Porous Alpha (PAC) 

were studied for the extraction and immobilization of Pb²⁺ present in contaminated clay soils. The surface functionalization of 

the PAC was carried out via a coating of metal/metal-oxide nanostructures. The porous structure of PA provides interconnected 

pathways that facilitate water absorption and subsequently Pb²⁺ diffusion and adsorption, while nanostructured surface is 

expected to enhance adsorption affinity through additional active binding sites and surface complexation mechanisms.  

2. Experimental - The long-term lead (Pb) removal 

performance of Porous Alpha (PA) and nanostructured 

surface Porous Alpha (PAC) was evaluated under soil 

column conditions using continuous X-ray fluorescence 

(XRF) monitoring over a 24-week period to quantify the Pb 

adsorption from the soil. Soil columns were filled with Pb-

contaminated soil, and the adsorbent materials were 

prepared in three different configurations. A digestion 

process was used to assess lead extracted from soil. GH, 

LCG and TT carried out the experiments. ER and PR 

supervised and provided funding for the research work. 

3. Results and Discussion - The long-term soil column study showed that PAC effectively reduced 

Pb contamination over 24 weeks, demonstrating superior efficient performance due to nanostructured surface coating. The 

spread configuration achieved the highest Pb removal efficiency, likely because of improved contact with the entire 

contaminated soil. Soil digestion analysis confirmed approximately 80% Pb reduction, while increasing Pb accumulation on 

PAC was confirmed showing continuous Pb adsorption throughout the experiment. 

4. Conclusions - Nanostructured Surface Porous Alpha (PAC) demonstrates strong potential as a sustainable adsorbent for 

long-term Pb remediation in contaminated soils, particularly under soil column conditions where enhanced soil–adsorbent 

interaction improved Pb extraction efficiency. 
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1. Introduction – Heavy metal contamination in water remains a major environmental 

challenge due to the persistence and bioaccumulation of toxic metals such as Pb and Cu 

in aquatic systems. In this context, magnetic cobalt-based nanomaterials have emerged as 

promising adsorbents for water remediation because of their high adsorption efficiency, 

tuneable surface chemistry and potential magnetic recovery [1-2]. In this work, 

Co@Co(OH)₂ nanocomposites coated on sand, were investigated for Pb- and Cu-ion 

removal. The material showed excellent performance for all the metals extracted in this 

study. However this work focuses on Cu(II) adsorption in different electrolyte media (Cl⁻, 

SO₄²⁻ and NO₃⁻) and Pb(II) in  NO₃⁻ in order to elucidate not only the adsorption 

mechanism, but also the influence of counter-anion chemistry on the adsorption process. 

2. Experimental – The nanocoating of the nanocomposites were characterized using XPS, SEM, XRD and XRT. Adsorption 

experiments were performed under batch conditions for Pb and Cu ions. For Cu(II), equilibrium adsorption studies were carried 

out using CuCl₂, CuSO₄ and Cu(NO₃)₂ solutions. Adsorption data were analysed using linear and non-linear isotherm models, 

including Langmuir, Freundlich, Hill, Sips, Temkin and Dubinin–Radushkevich models. Statistical model discrimination was 

performed using R², SSE and reduced χ² values. L.C.G., R.K. and E.R. performed the experiments. L.C.G. conducted the 

physicochemical characterization. E.R. and P.R. supervised and provided funding for the research work. 

3. Results and Discussion - The supported nanocomposite filters enabled efficient extraction of metal ions from water in only 

one filtration cycle, reaching removal capacities of up to 3600 mg g⁻¹ for Cu ions. For Cu(II), adsorption equilibrium was 

reached within ~5 min of contact, indicating an ultrafast surface-controlled process dominated by highly accessible adsorption 

sites. Linear and non-linear isotherm analyses suggest that Cu²⁺ adsorption behaviour cannot be described by a single ideal 

mechanism alone. The best statistical fittings were obtained for Freundlich, Hill and Sips isotherm models, revealing the 

coexistence of monolayer adsorption, heterogeneous surface energetics and cooperative adsorption effects. The adsorption 

behaviour strongly depends on counter-anion chemistry, following the affinity trend: CuCl₂ > CuSO₄ > Cu(NO₃)₂. This 

behaviour was attributed to differences in Cu²⁺ hydration, ion pairing and electrical double-layer effects. Combining the linear 

and non-linear analyses provided a coherent mechanistic picture in which Cu²⁺ adsorption is governed by ultrafast electrostatic 

physisorption, heterogeneous monolayer adsorption and cooperative surface enrichment on hydroxylated cobalt domains. 

4. Conclusions - Co@Co(OH)₂ nanocomposites exhibited rapid and efficient Pb- and Cu-ion removal, demonstrating strong 

potential for advanced water-remediation applications. Furthermore, Cu(II) adsorption is strongly modulated by counter-anion 

chemistry and occurs through a heterogeneous and cooperative physisorption-driven mechanism. 
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1. Introduction – Pistachio skin is an abundant agro-industrial residue characterized by high organic content and significant 

bioenergy potential. However, the presence of lignocellulosic compounds limits its biodegradability and methane generation. 

Previous studies demonstrated that pretreatment strategies can enhance substrate solubilization and improve anaerobic digestion 

performance [1 – 2]. In this work, for the first time, sulfuric acid (H₂SO₄) 

and the non-ionic surfactant Triton X-100 (TX100) were investigated, 

individually and in combination, as pretreatment methods to enhance 

biomethane production from pistachio skin. under mesophilic anaerobic 

digestion. 

2. Experimental - Pistachio skin was used as the substrate, whereas a 

mesophilic digestate was used as the inoculum. Pretreatments were 

performed with H₂SO₄ at concentrations of 1, 2.5, 5, and 10%, alone or in 

combination with TX100 (0.5 g/L). Anaerobic digestion tests were 

conducted in batch reactors at mesophilic conditions (38 °C) for 30 days. 

Reactors were flushed with pure nitrogen gas before incubation to ensure 

anaerobic conditions. Biomethane production was monitored throughout 

the digestion process via the liquid displacement method [1]. The soluble chemical oxygen demand-to-total chemical oxygen 

demand (SCOD/TCOD) ratio was also determined to evaluate the effectiveness of substrate solubilization induced by 

pretreatment [2]. 

3. Results and Discussion - The combined application of H₂SO₄ and TX100 significantly improved the anaerobic digestion 

performance of pistachio skin. Among the investigated conditions, 5% H₂SO₄ combined with TX100 achieved the highest 

biomethane yield (435.3 mL/g VS), demonstrating a substantial enhancement compared to untreated biomass (Image I). The 

increase of SCOD/TCOD ratios suggested that the pretreatment resulted in substrate solubilization and likely lignocellulosic 

disruption. A high acid concentration (i.e., 10%) did not further improve methane production (Table I), implying that severe 

pretreatment conditions may negatively affect anaerobic digestion efficiency. 

 

   Table I. SCOD/TCOD values of pistachio skin after pretreatment 

 

Conditions 
%1 

H₂SO₄ 

%3 

H₂SO₄ 

%5 

H₂SO₄ 

%10 

H₂SO₄ 

TX100, 0.5 

g/L 

(surfactant)  

%1 

H₂SO₄+ 

surfactant 

%3 

H₂SO₄ + 

surfactant 

%5 

H₂SO₄ + 

surfactant 

%10 

H₂SO₄+ 

surfactant 

SCOD/TCOD 0.41 0.429 0.554 0.664 0.434 0.505 0.605 0.724 0.829 

Note: Data are reported as mean values ± standard error for three replicates. 

4. Conclusions - These results indicate that surfactant-assisted acid pretreatment represents a promising strategy for improving 

biomethane recovery from pistachio processing residues. 

5. Acknowledgments - This work was supported by the project “BENESSERE NEL GUSCIO” (CUP – 

CFDA5171/10/J89I21000360001), Notice no. 0182458, 22 April 2022, and subsequent amendments, funded within the 

framework of the Italian National Complementary Plan (PNC) for agri-food supply chains by the Ministry of Agriculture, Food 

Sovereignty and Forestry (MASAF), approved by Ministerial Decree No. 211134, 13 May 2024. 
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Image 1. Effect of pretreatments on biomethane from pistachio skin. 
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1. Introduction – In the 2025/26 season, wine production in Portugal reached approximately 5.9 million hectolitres. During 

peak periods such as the vintage, large volumes of winery wastewater (WW) are generated. However, many small and medium-

sized producers lack access to adequate treatment facilities, leading to the discharge of untreated effluents into watercourses or 

municipal sewer systems, with consequent environmental impacts and risks to aquatic ecosystems. At the same time, invasive 

plant species such as Acacia dealbata and Chelidonium majus are widely available biomass resources, while wine production 

itself generates lignocellulosic by-products such as rachis. The main objective of this study was to evaluate a sustainable 

treatment strategy for WW based on the valorisation of these biomass resources, aiming at water reuse in compliance with the 

Portuguese Decree-Law No. 119/2019. 

2. Experimental – Winery wastewater samples were collected from a cellar located in the Douro region and were characterised 

by high turbidity, elevated total suspended solids (TSS), and significant dissolved organic carbon (DOC) levels (Table 1). In a 

first stage, plant extracts (PEs) derived from Acacia dealbata, Chelidonium majus, and Vitis vinifera were applied in 

coagulation–flocculation assays. Later, the photo-Fenton process was developed in a photoreactor suitable for this purpose. 

 

3. Results and Discussion - The combined use of PEs and activated carbon (AC) enabled effective removal of turbidity (81.6–

84.7%) and TSS (80.3–81.9%), although dissolved organic carbon (DOC) reduction remained limited (25.9–38.6%). 

Subsequent filtration (F) further improved solid removal, decreasing turbidity and TSS to values below 5 NTU and 10 mg/L, 

respectively. Given the insufficient DOC removal, Fenton-based processes were subsequently evaluated under the following 

conditions: pH 3.0, [Fe²⁺] = 1.0 mM, [H₂O₂] = 155 mM, temperature = 298 K, agitation = 150 rpm, and UV-C irradiation (254 

nm). Under these conditions, DOC removal reached 80.3% after 240 min. When integrating Acacia dealbata pollen/AC and 

Vitis vinifera rachis/AC with the UV-C/Fenton process, DOC removal was further enhanced to 91.6% and 97.7%, respectively. 

Finally, BOD₅ values of 29 and 5 mg O₂/L were achieved, indicating that the combined treatment strategies can produce water 

suitable for reuse, meeting the requirements for type E (restricted reuse) and type A (unrestricted reuse), respectively. 

4. Conclusions - The integration of coagulation–flocculation with Fenton-based oxidation emerges as a promising and 

sustainable strategy for WW valorisation. The rachis/AC/filtration sequence proved highly effective for the removal of turbidity 

and total suspended solids, achieving reductions of 98.4% and 95.0%, respectively. However, the incorporation of a subsequent 

UV-C/Fenton stage was essential to address the dissolved organic fraction, enabling up to 97.7% DOC removal. Overall, the 

combined treatment based on plant-derived materials and advanced oxidation processes demonstrated strong potential to 

produce reclaimed water compliant with the requirements of the Portuguese Decree-Law No. 119/2019, supporting its reuse in 

a circular and sustainable framework. 

Keywords: Acacia dealbata; Coagulation-flocculation; Fenton process; Vitis vinifera rachis. 

 

 

 

 

 

 

 

 



 

 

GREENCHEM-26 Abstracts Book | Page 71 

ABSTRACTS BOOK 
7th International Conference on Green Chemistry and Sustainable Engineering, Canary Islands, 22-24 July 2026 

 

125 · Plenary Speaker 

Unlocking Marine Bioresources through Alternative Solvents and Green Separation 

S. P. M. Ventura (1) 
(1) CICECO – Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, Campus Universitário de 

Santiago, 3810-193 Aveiro, Portugal. 

 

1. Introduction – Biorefinery provides a sustainable platform to convert biomass and side streams into high-value compounds 

and advanced materials, contributing to a circular and low-carbon bioeconomy. This work highlights the central role of green 

separation processes in unlocking the full potential of natural resources, with particular emphasis on the use of alternative 

solvents as enabling tools for the development of sustainable downstream processes. In this context, eutectic solvents and 

biosolvents are presented as versatile media for the extraction and purification of bioactive compounds from marine biomass, 

offering advantages in terms of selectivity, reduced toxicity, process efficiency and green credentials [1]. 

Examples of integrated downstream strategies will be showcased, demonstrating the recovery of biomass-derived molecules 

such as collagen [2], natural pigments [3] and phenolics [4] through solvent-based approaches designed to replace conventional, 

less sustainable separation routes. Beyond established natural biomass streams, this work will also address the prospecting of 

new compounds from extremophilic microorganisms, in line with the goals of the XTREAM project [5], which aims to unlock 

the potential of aquatic extremophiles for the discovery of enzymes, metabolites, drugs, and other high-value chemicals. 

Beyond extraction and purification, these recovered compounds are further translated into high-value applications, including 

functional and biomedical materials. By bridging alternative solvent design, green separation, biomolecule recovery, and 

emerging bioprospecting opportunities, this communication illustrates how biorefinery can generate innovative solutions for 

the biomedical, cosmetic, nutraceutical, sensing, and energy sectors, while reinforcing the sustainable valorisation of natural 

bioresources. 

2. Acknowledgments - This work was developed within the scope of project CICECO–Aveiro Institute of Materials, 

UID/50011 & LA/P/0006/2020 (DOI 10.54499/LA/P/0006/2020), financed by national funds through the FCT/MCTES 

(PIDDAC). Co-funded by the European Union. Views and opinions expressed are however those of the author(s) only and do 

not necessarily reflect those of the European Union or the Research Executive Agency (REA). Neither the European Union nor 

the granting authority can be held responsible for them. Project XTREAM, Grant agreement nº 101182278. 
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Sustainable Building Blocks in Water for Data Centers 

Ming Shen, Scott Bryan, Boris Miksic 
Cortec Corporation, St Paul, Minnesota, USA 

 

The rapid expansion of data centers, driven in part by the growth of artificial intelligence, has intensified focus on the 

environmental impact of their construction and operation—particularly with respect to water consumption and treatment 

practices. Conventional water treatment programs often rely on phosphate-based chemistries and toxic heavy metals, raising 

sustainability, regulatory, and operational concerns. 

This paper presents sustainable water treatment technologies designed to eliminate phosphates and heavy metals while 

maintaining or improving system performance. The discussed solutions provide effective corrosion protection across liquid, 

vapor, and liquid–vapor interface environments at low treatment dosages. Select technologies meet ANSI/NSF Standard 61 

requirements for use in drinking water system components, supporting regulatory compliance in sensitive applications. 

Practical applications are demonstrated, including the extended reuse of hydrotesting water while protecting assets during 

testing, storage, shipment, and commissioning; the use of organic additives to improve cooling system heat transfer efficiency 

while mitigating corrosion; and ultra-low dosage treatments that provide corrosion inhibition with minimal impact on coolant 

conductivity. 

These approaches enable data center operators and supporting industries to reduce water consumption, minimize environmental 

impact, and enhance asset reliability without compromising performance, supporting more sustainable infrastructure 

development. 
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1. Introduction – Zeolitization of fly ash-based geopolymer (FA-GP) membranes via hydrothermal treatment (HT) offers a 

route to enhanced porosity and crystallinity for wastewater treatment applications [1,2]. While Na-faujasite formation from 

FA-GP via in-situ HT has been reported [3], the dependence of zeolite phase assembly and textural development on NaOH 

concentration during HT remains poorly defined. This work addresses this gap by synthesizing and characterizing FA-GP 

membranes hydrothermally treated at 1.0, 1.5, 2.0, and 2.5 M NaOH. 

2. Experimental - FA-GP membranes (GP_M) were prepared by alkaline activation of fly ash (Na₂SiO₃/NaOH activating 

solution, 24 h curing at room temperature) and subjected to HT at 70 °C for 24 h in NaOH solutions (1.0–2.5 M), followed by 

HCl washing to neutral pH [1]. Crystalline phases were identified by XRD (PANalytical X’Pert Pro) and textural properties 

were determined from N₂ adsorption–desorption isotherms at 77 K (Quantachrome NOVATOUCH LX4). 

3. Results and Discussion - XRD analysis showed that HT at low alkalinity (1.0–1.5 M NaOH) did not significantly alter the 

crystalline assemblage inherited from GP_M (quartz, hematite, calcite, gehlenite). At higher alkalinity (2.0–2.5 M NaOH), 

the formation of Na-faujasite was observed exclusively in GP_M_HT2.0 and GP_M_HT2.5, indicating that a threshold 

alkalinity is required to drive sufficient dissolution and recrystallization of aluminosilicate species into the FAU-type 

framework. Although the textural properties indicate that all GP samples exhibit an increase in surface area compared to the 

precursor material, the results compiled in Table I reveal a non-monotonic response to increasing NaOH concentration. At 2.5 

M, the textural properties collapsed markedly (SBET = 49 m²·g⁻¹; Vtotal = 0.076 cm³·g⁻¹), indicating structural densification 

under excessive alkalinity. These results confirm that zeolite formation and pore development exhibit a clear optimum at 2.0 

M NaOH rather than a linear dependence on alkalinity. 

 

4. Conclusions - Hydrothermal treatment enabled controlled zeolite formation in FA-GP membranes, with an optimum at 2.0 

M NaOH. These results provide a basis for optimizing sustainable zeolite-geopolymer membranes for wastewater treatment. 

5. Acknowledgements - This work was supported by FCT – Fundação para a Ciência e a Tecnologia, I.P., through: CIMO, 

UIDB/00690/2020 and UIDP/00690/2020; SusTEC, LA/P/0007/2020; CeDRI, UID/05757/2025 and UID/PRR/05757/2025 

and by Project BioVal – Intelligent Pyrolysis System for Transforming Agroforestry By-products into Biochar (BPI PL25-

00055). 
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ATR-FTIR spectroscopy as a green screening tool for sustainable wine less 

valorization 
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(1) Institute of Food Technology, University of Novi Sad, Bulevar cara Lazara 1, Serbia. 
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1. Introduction – Wine lees are a heterogeneous by-product generated during wine production and represent a significant 

fraction of winery waste. Their composition includes proteins, polysaccharides, phenolic compounds, organic acids, minerals, 

and yeast-derived materials, making them a promising source of value-added compounds for sustainable valorisation 

strategies [1]. However, conventional characterisation of wine lees often requires multiple analytical techniques, extensive 

sample preparation, and the use of chemical reagents. 

Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectroscopy is a label-free, non-destructive technique 

that enables rapid analysis of complex biological matrices with minimal sample preparation [2]. As a solvent-free analytical 

approach, ATR-FTIR is consistent with the principles of green analytical chemistry and offers the potential for rapid 

screening of winery by-products. 

Therefore, the aim of this study was to evaluate the applicability of ATR-FTIR spectroscopy for the rapid characterisation of 

white and red wine lees obtained from the autochthonous grape varieties Grašac and Probus, respectively, and to assess its 

potential as a green screening tool for by-product valorisation. 

2. Experimental – Wine lees obtained from the autochthonous grape varieties Grašac and Probus were analysed using ATR-

FTIR spectroscopy. Spectra were recorded in the mid-infrared region and interpreted in relation to the chemical composition 

of the samples. The applicability of ATR-FTIR as a rapid and solvent-free screening tool for wine lees characterisation was 

evaluated. 

3. Results and Discussion – ATR-FTIR spectra of white and red wine lees revealed characteristic absorption bands 

associated with proteins, polysaccharides, organic acids, and phenolic-rich fractions. Differences observed in the intensity 

and distribution of selected absorption regions reflected the distinct chemical composition of the analysed samples. White 

wine lees exhibited spectral features associated with protein-rich fractions, whereas red wine lees showed more pronounced 

signals associated with phenolic-rich fractions, reflecting their distinct compositional profiles. 

The absence of residual ethanol signals confirmed the effective removal of alcohol during sample processing, while the 

previously determined low sulphur dioxide content further supported the suitability of wine lees for subsequent valorisation 

processes. Overall, ATR-FTIR analysis enabled rapid discrimination between white and red wine lees and provided valuable 

information regarding their compositional characteristics without the need for extensive sample preparation or solvent 

consumption, highlighting its potential as a green analytical approach for the preliminary assessment and classification of 

winery by-products intended for further valorisation. 

4. Conclusions – ATR-FTIR spectroscopy proved to be a rapid, non-destructive, and solvent-free technique for the 

characterisation of wine lees. The method enabled the rapid differentiation of white and red wine lees and provided 

compositional information relevant to their potential valorisation pathways. Due to its minimal sample preparation 

requirements and reduced use of chemical reagents, ATR-FTIR represents a promising green screening tool for the 

sustainable management and valorisation of winery by-products. 

5. Acknowledgments – This research was funded by the Ministry of Science, Technological Development and Innovation of 

the Republic of Serbia (Contract No. 451-03-33/2026-03/200222) and by the Provincial Secretariat for Higher Education and 

Scientific Research (Contract No. 003863453 2025 09418 003 000 000 001 04 004). 
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1. Introduction – Wine lees are a heterogeneous by-product generated during wine production as a sedimentary residue formed 

after fermentation, storage, clarification, filtration, and centrifugation processes. They account for a significant proportion of 

winery waste, with global production exceeding one million tonnes annually [1]. 

Wine lees contain varying proportions of proteins, phenolic compounds, and other bioactive constituents, which may determine 

their suitability for different valorisation pathways [2]. Despite increasing interest in the circular utilisation of winery by-

products, wine lees are often treated as a single waste stream, while compositional differences between white and red wine lees 

remain insufficiently explored. 

Therefore, this study aimed to comparatively assess the protein and phenolic potential of white and red wine lees obtained from 

the autochthonous grape varieties Grašac and Probus, respectively, and to evaluate their suitability for targeted valorisation 

approaches based on their compositional characteristics. 

2. Experimental – Wine lees were characterised in terms of protein content, amino acid composition, phenolic composition, 

and antioxidant activity. DPPH, ABTS, and FRAP assays were used to evaluate antioxidant activity. The results were 

comparatively analysed to assess the suitability of each wine lees type for targeted valorisation. 

3. Results and Discussion – The compositional analysis revealed pronounced differences between white and red wine lees. 

White wine lees contained approximately 35% more protein than red wine lees and exhibited a more favourable amino acid 

profile, including higher levels of most essential amino acids and a greater essential-to-non-essential amino acid ratio. These 

characteristics indicate the potential of white wine lees as a source of protein-rich ingredients for food and biotechnological 

applications. 

In contrast, red wine lees exhibited a markedly richer phenolic profile. Total phenolic content was more than four times higher, 

while flavonoid content was more than six times higher than that of white wine lees. Moreover, monomeric and polymeric 

anthocyanins were detected exclusively in red wine lees. The enhanced abundance of bioactive compounds was reflected in 

their antioxidant properties. Red wine lees demonstrated stronger radical scavenging activity in both DPPH and ABTS assays, 

as indicated by considerably lower IC50 values, and exhibited more than fourfold higher ferric reducing antioxidant power. 

Overall, the results demonstrate a clear compositional divergence between white and red wine lees, highlighting the influence 

of grape variety and winemaking practices on the nutritional and functional properties of these by-products. 

4. Conclusions – White and red wine lees should not be regarded as a uniform by-product stream, as their distinct compositional 

profiles favour different valorisation pathways. White wine lees showed greater potential for the development of protein-rich 

ingredients, while red wine lees emerged as a promising source of phenolic compounds and natural antioxidants. Adopting 

composition-driven valorisation strategies may enhance resource efficiency, maximise the recovery of valuable compounds, 

and promote more sustainable utilisation of winery by-products. 

5. Acknowledgments – This research was funded by the Ministry of Science, Technological Development and Innovation of 

the Republic of Serbia (Contract No. 451-03-33/2026-03/200222) and by the Provincial Secretariat for Higher Education and 

Scientific Research (Contract No. 003863453 2025 09418 003 000 000 001 04 004). 
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1. Introduction 

The transition towards sustainable energy systems requires the development of safe, low-cost, and high-performance 

electrochemical energy storage technologies. Potassium-ion batteries (PIBs) have emerged as attractive alternatives to lithium-

ion batteries owing to the natural abundance of potassium resources and their potential for large-scale stationary energy storage. 

Among the different cathode materials investigated, Prussian Blue Analogues (PBAs) have attracted considerable attention 

because of their open three-dimensional framework, rapid potassium-ion diffusion, and compositional versatility [1-2]. 

2. Recent Advances and Experimental Approaches 

Recent years have witnessed remarkable progress in the development of Prussian Blue Analogues (PBAs) as cathode materials 

for potassium-ion batteries, driven by their unique open-framework crystal structure, compositional flexibility, and intrinsically 

fast potassium-ion diffusion kinetics. Nevertheless, achieving high electrochemical performance remains challenging because 

of structural defects, interstitial and coordinated water, transition-metal disorder, and electrolyte–electrode interfacial 

instability, all of which significantly influence capacity, cycling stability, and rate capability. 

This keynote lecture will present a comprehensive overview of the current state of PBA research, highlighting recent advances 

in materials design, defect engineering, synthetic methodologies, and electrolyte optimization. Particular emphasis will be 

placed on understanding the fundamental relationships between crystal chemistry, vacancy concentration, structural water, 

morphology, and potassium-storage mechanisms, and how these factors collectively determine electrochemical performance. 

The lecture will further discuss the speaker's ongoing Marie Skłodowska-Curie Postdoctoral Fellowship project 

(PrussBlueKion), which aims to develop advanced PBA cathodes through innovative synthesis strategies and systematic 

materials optimization. State-of-the-art structural and physicochemical characterization techniques, including X-ray diffraction 

(XRD), scanning electron microscopy (SEM), Fourier-transform infrared (FTIR) spectroscopy, Raman spectroscopy, 

thermogravimetric analysis (TGA), and electrochemical characterization, are employed to establish robust structure–property–

performance relationships. These complementary approaches provide valuable insights into phase evolution, structural 

integrity, defect chemistry, and potassium-ion storage mechanisms, thereby guiding the rational design of high-performance 

cathode materials for next-generation potassium-ion batteries. 

3. Discussion and Future Perspectives 

Recent studies demonstrate that precise control of synthesis parameters and defect chemistry is fundamental to optimizing 

potassium-storage kinetics, cycling stability, and rate capability. Despite considerable progress, intrinsic structural vacancies, 

interstitial water, framework degradation, and electrode-electrolyte interfacial instability remain critical limitations to practical 

application. Future developments in operando characterization, rational crystal engineering, and scalable synthetic 

methodologies are expected to provide deeper mechanistic insights and facilitate the development of high-performance 

potassium-ion batteries. 

4. Conclusions 

Prussian Blue Analogues have emerged as one of the most promising cathode families for next-generation potassium-ion 

batteries. Continued advances in crystal engineering, defect chemistry, and electrolyte design will be instrumental in realizing 

sustainable, high-performance, and commercially viable potassium-ion battery technologies. 
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This presentation highlights our recent progress on both ionic and zwitterionic liquids (IL and ZIL) research with aims to 

discover materials carrying new-fangled functions for specific applications. ILs are organic salts and many of them are in 

liquid forms at ambient temperature. Compared with conventional molecular solvents, ILs and ZILs exhibit attractive 

properties including negligible vapor pressure, remarkable solubility with molecules, good-to-high thermal stability, high 

polarity and conductivity, and insignificant cytotoxicity for ZILs that are suited for a myriad of favorable applications such as 

recyclable media for reactions, chemo-selective detection of target gases, affinity interaction analysis of biomaterials, and 

temperature-switchable phase separation with solvents. 

As ILs and ZILs offer a platform of tunable structures on which properties and functions of both cations and anions can be 

tailor-designed, independently engineered and optimized, here we are also to demonstrate the power of expeditious 

combinatorial discovery of a new series of IL and ZIL materials exhibiting temperature sensitivity in water. Our result shows 

that, upon phase separation due to temperature switching, a coronal IL, selectively partitioned in the bottom IL/ZIL-rich 

layer, chemo-selectively extracts peptides and proteins from the upper water-rich layer. Furthermore, ZIL materials 

developed solvate well with water, greatly reduce and potentially avoid the denaturation of biomaterials such as proteins, and 

pose essentially no cytotoxicity to human cell lines. 

 

 
References 

Chen, C.-Y.; Chung, Y.-H.; Qiu, Y.-Q.; Su, W.-C.; Hsiao, W.-T.; Chu, Y.-H. (2026) "Click-enabled tetrazine ionic liquid 

as advanced material for chemo-selective gas detection via inverse electron-demand Diels-Alder reaction", Mater. Adv., 7, 

2410–2415. 

Chung, Y.-H.; Jia, J.; Chen, W.-Y.; Chen, P.-H.; Yan, B. Chu, Y.-H. (2025) ‘Small-molecule, zwitterionic morpholinium 

sulfonates are non-cytotoxic materials exhibiting LCST thermo-responsive phase separation in water’, Mater. Adv., 6, 1164-

1172. Available at: 10.1039/D4MA01029A. 

Li, H.-Y.; Chu, Y.-H. (2023) ‘Expeditious discovery of small-molecule thermoresponsive ionic liquid materials: a review’, 

Molecules, 28, 6817. Available at: 10.3390/molecules28196817. 

Huang, H.-H.; Jia, J.; Ren, L.; Wang, S.; Yue, T.; Yan, B.; Chu, Y.-H. (2023) ‘A zwitterionic solution for smart ionic 

liquids to evade cytotoxicity’, J. Hazard. Mater., 453, 131430; Available at: 10.1016/j.jhazmat.2023.131430. 

Chu, Y.-H.; Chen, P.-H.; Huang, H.-H. (2023) ‘Exploiting α-benzylated 1,4-butanesultones to expedite the discovery of 

small-molecule, LCST-type sulfobetaine zwitterionic materials’, Mater. Adv., 4, 1740-1745. Available at: 

10.1039/d2ma01063a. 

Pan, X.; Li, L.; Huang, H.-H.; Wu, J.; Zhou, X.; Yan, X.; Jia, J.; Yue, T.; Chu, Y.-H.; Yan, B. (2022) ‘Biosafety-

inspired structural optimization of triazolium ionic liquids based on structure-toxicity relationships’, J. Hazard. Mater., 424, 

127521; Available at: 10.1016/j.jhazmat.2021.127521. 

Wei, P.; Pan, X.; Chen, C.-Y.; Li, H.-Y.; Yan, X.; Li, C.; Chu, Y.-H.; Yan, B. (2021) ‘Emerging impacts of ionic liquids 

on eco-environmental safety and human health’, Chem. Soc. Rev., 50, 13609-13627; Available at: 10.1039/d1cs00946j. 

https://doi.org/10.1016/j.jhazmat.2021.127521


 

 

GREENCHEM-26 Abstracts Book | Page 78 

ABSTRACTS BOOK 
7th International Conference on Green Chemistry and Sustainable Engineering, Canary Islands, 22-24 July 2026 

 

199 · Poster Presentation 

Integrated Valorization of Winery Waste: Synthesis of Biohydrogen and Volatile 

Fatty Acids (VFA) 

Marco Race(1), Francesco Bianco(2) 

(1) Department of Civil and Mechanical Engineering, University of Cassino and Southern Lazio, Cassino, Italy.  

 

1. Introduction – The wine industry is a pillar of the Mediterranean agricultural economy. However, this activity generates 

substantial amounts of biological waste (i.e., stalks, grape pomace, and wine lees) with hazardous characteristics, such as an 

acidic pH and high concentrations of phytotoxic and phenolic 

compounds. Such typically imposes a significant economic burden on 

wineries due to high disposal costs. Dark fermentation (DF) [1] stands 

out as a key technology to transform this cost into a resource, 

exploiting the biodegradability of waste to generate biohydrogen (H2) 

and Volatile Fatty Acids (VFA). VFAs, such as acetic, propionic, and 

butyric acids, have a high value as they serve as essential building 

blocks for biorefineries, green solvent synthesis, and bioplastics 

production [2]. 

2. Experimental - To evaluate the generation of H2 and VFAs 

production, different wine lees (red, white, and mature white) were 

tested as inoculum and red grape pomace as substrate, dosed with a 

volatile solid ratio of 1:1. The batch reactors (volume of 150 ml) were used under mesophilic conditions at 37±1 °C (Image 1). 

Biogas volume was measured daily using the liquid-displacement method, and its composition was monitored by GC-TCD. 

Dissolved VFAs in the liquid digestate were quantified by HPLC (LC-20AD) equipped with an organic acid column (Rezex 

ROA-Organic Acid H+). 

3. Results and Discussion - The mature white lees inoculum generated the highest hydrogen production, reaching a cumulative 

peak of 98 mL. The addition of raw substrate (grape pomace) resulted in partial inhibition, reducing the yield to 57 mL, probably 

due to complex hydrolysis of lignocellulosic fractions and the cellular toxicity of polyphenols. HPLC analysis of the digestate 

revealed the presence of VFAs (Image 1), mainly acetic and propionic acids, whose concentration is closely linked to gas yield. 

Indeed, there is a profound biochemical correlation between VFA 

genesis and H2 synthesis. During DF, pyruvate oxidation forms 

acetyl-CoA, which is then converted into various organic 

compounds (acetate, butyrate) while simultaneously releasing 

molecular hydrogen. The process stoichiometry (Eqs. 1-2) dictates 

that the metabolic shift towards specific acidic conditions 

determines the biogas yield: the metabolic pathway leading to acetic 

acid allows a maximum theoretical production of 4 moles of H2 per 

mole of degraded glucose, whereas the predominant formation of 

butyric acid halves the yield to 2 moles of H2. 

𝐶6𝐻12𝑂6 + 2𝐻2𝑂 → 4𝐻2 + 2𝐶𝑂2 + 2𝐶𝐻3𝐶𝑂𝑂𝐻 (Eq. 1) 

𝐶6𝐻12𝑂6 → 2𝐻2 + 2𝐶𝑂2 + 𝐶𝐻3𝐶𝐻2𝐶𝐻2𝐶𝑂𝑂𝐻 (Eq. 2) 

4. Conclusions - DF is confirmed as an excellent technology for comprehensively valorizing polluting winery waste, 

transforming it into two valuable resources (H2 and VFAs). Future research should focus on scaling up the reactor volume and 

on evaluating conditions to optimize the microbial community, selectively directing it to maximize the cogeneration of H2 and 

VFAs. 
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Image 1. Experimental setup used for dark fermentation test. 

 

Image 2.The biohydrogen yeld (mL). 
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Abstract – Nowadays, biocatalysis is recognized as one of the most sustainable and efficient strategies for the synthesis of 

enantioenriched building blocks, finding extensive applications in diverse industrial sectors such as the production of active 

pharmaceutical ingredients (APIs), cosmetics, fragrances, flavors, agrochemicals, and other value-added fine chemicals. [1].  

On an industrial scale, lipase-catalyzed enzymatic kinetic resolution (EKR) of racemates is considered one of the most 

efficient approaches for the production of enantiomerically pure compounds. This biotransformation can be achieved through 

several pathways, including acylation, hydrolysis, aminolysis, and alcoholysis......etc. Various parameters could be 

modulating both enzyme reactivity and selectivity, like the lipase nature, the solvent hydrophobicity, the water activity and 

the introduction of additives [2].  

Chiral arylalkyl carbinols such as α-Indanol and α-Tetralol are important enantiopure intermediates and building blocks 

widely used in fine chemical and pharmaceutical synthesis. [3]. 

In the present study, we describe several biocatalytic pathways for obtaining both enantiomers of these chiral secondary 

alcohols through acylation (transesterification) and deacylation (hydrolysis and alcoholysis) reactions carried out in non-

aqueous media. Several parameters were examined: nature and amount of biocatalysts, the nature of the acyl donor as well as 

the introduction of additives [4-6].  

The obtained results show an important impact of the resolved alcohol structures and the applied EKR approach. In the most 

cases both enantiomers of alcohols and their corresponding acetates were afforded enantiopure (ee > 99%) within 50% of 

conversion rates. Our reported biocatalyzed approaches (Acylation/Deacylation) revealed a perfect enantiocomplementary.  

Further that, in order to evaluate the potential of anti-Alzheimer activity of (R) and (S)-indanol, (R) and (S)-tetralol and their 

corresponding acetates, their mode of interaction with the BACE1 and hAChE, as target proteins, were investigated using 

molecular docking [8-9]. 

The obtained results indicate that the four acetates exhibit strong interactions with the hAChE target protein compared to the 

alcohols. On the other hand, only the tetralol core exhibited significant binding affinities and non-bonding interactions 

between the compounds and BACE1.  

Key words: Enzymatic kinetic resolution; Enantiomers; Enantiocomplementary; Molecular docking; AlZheimer desease.  
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