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Ongi etorria 

 

Estimadas personas participantes, 

 

En nombre del Comité Organizador, es un placer invitaros a participar en el XII Congreso de Jóvenes 
Investigadores en Polímeros JIP2025 Bilbao, que tendrá lugar en Bilbao del 14 al 17 de Julio de 2025. 
Bajo el lema "Inspira, investiga, innova: polímeros que transforman el futuro", este encuentro busca 
ser un espacio abierto al intercambio de ideas, la inspiración mutua y el impulso de nuevas 
perspectivas en el ámbito de la ciencia de polímeros. 

El congreso representa una excelente oportunidad para conocer los avances más recientes en 
investigación, compartir experiencias y establecer redes de colaboración entre quienes comienzan su 
carrera científica en este campo. También contaremos con la participación de personas investigadoras 
consolidadas que contribuirán con conferencias plenarias. 

Bilbao, ciudad dinámica y reconocida por su apuesta por la innovación y la cultura, será el escenario 
ideal para este evento. Las actividades se desarrollarán en un entorno pensado para fomentar el 
diálogo, el aprendizaje y la conexión entre quienes formamos parte de esta comunidad científica. 

El programa social está diseñado para complementar la experiencia académica, ofreciendo momentos 
de encuentro en un ambiente relajado y propicio para fortalecer vínculos, al tiempo que se disfruta de 
la riqueza cultural y gastronómica de la ciudad. 

Desde el Comité Organizador, agradecemos al Grupo Especializado de Polímeros (GEP) su apoyo y 
confianza en este proyecto. Estamos trabajando con entusiasmo para que este congreso sea una 
experiencia enriquecedora para todas las personas participantes. 

Quedamos a vuestra disposición para cualquier consulta o información adicional. 

¡Nos vemos en Bilbao! 
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Alexandra Muñoz Bonilla (ICTP-CSIC) 
 Investigadora Científica y Directora del Instituto de Ciencia y 
Tecnología de Polímeros (ICTP-CSIC). Ha realizado estancias de 
investigación en prestigiosos centros internacionales y cuenta con más 
de 20 años de experiencia en Química de Polímeros y Ciencia de 
Materiales. Su investigación se centra en la síntesis de precisión de 
polímeros funcionales con especial énfasis en el desarrollo de 
polímeros bioactivos y biorresponsivos, glicopolímeros para 

reconocimiento biomolecular, polímeros antimicrobianos y materiales biohíbridos. 

La síntesis de polímeros de precisión incluye la combinación de técnicas de polimerización 
controlada, metodologías ortogonales de química click, enfoques sintéticos eficientes y 
respetuosos con el medio ambiente y el uso de la química biomimética. Actualmente, sus 
principales líneas de investigación son el desarrollo de materiales antimicrobianos con alta 
actividad frente a un amplio espectro de microorganismos y sistemas poliméricos 
biodegradables y de base biológica. Es autora de 3 patentes y más de 140 artículos publicados, 
h-index: 34, 9 capítulos de libros y editora de dos libros. Ha liderado/participado en 43 
proyectos de financiación competitiva y 9 contratos de investigación con la industria.

Mario Culebras Rubio  (UV) 
 Obtuvo su doctorado en Química por la Universidad de Valencia en 2017. 

A lo largo de su carrera investigadora, ha liderado y contribuido a 
numerosos proyectos financiados a nivel nacional, europeo e industrial. 
Su experiencia incluye roles de liderazgo en cinco iniciativas nacionales de 
investigación (actuando como Investigador Principal en dos de ellas) y tres 
proyectos regionales financiados por la GVA (liderando uno como IP). 
También ha estado muy activo en iniciativas internacionales, participando 

en tres proyectos europeos (como Investigador Principal en uno), un proyecto nacional 
irlandés y cuatro colaboraciones financiadas por empresas. La investigación del Dr. Culebras 
ha impulsado significativamente el avance de materiales termoeléctricos orgánicos y la 
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valorización de la lignina, logrando mejoras en la eficiencia termoeléctrica de hasta 1000 veces 
respecto al estado del arte. Estos avances han dado lugar a publicaciones de alto impacto y a 
la obtención de patentes. Es autor de más de 90 artículos de investigación, que en conjunto 
han recibido más de 4.000 citas. Además, ha realizado estancias de investigación en 
instituciones de prestigio como la Universidad de Texas A&M, el Instituto Max Planck y la 
Universidad de Limerick, apoyado por becas competitivas. 

Reconocido con premios como el Premio Investigador Joven SUSCHEM-2020 y la Beca IRC GOI 
(2020), el Dr. Culebras ha asegurado múltiples patentes que respaldan proyectos financiados 
tanto a nivel nacional como europeo. Desde 2017, ha supervisado a cuatro doctores 
graduados, 20 estudiantes de trabajos de fin de grado y 18 estudiantes de máster, contando 
actualmente con ocho doctorandos. Muchos de sus tutelados han sido galardonados con 
premios prestigiosos. Además de sus contribuciones académicas, el Dr. Culebras ha trabajado 
como Consultor Tecnológico para empresas como Johnson & Johnson, trasladando los 
resultados de su investigación a aplicaciones industriales. Participa activamente en redes 
profesionales, colaborando como revisor de revistas científicas de alto nivel y como evaluador 
de propuestas de investigación para agencias de financiación en Europa y América Latina. 

Marta Martínez (CIAL) 
Científica titular en el Instituto de Investigación en Ciencias de la 
Alimentación (CIAL), un Instituto mixto del CSIC y la Universidad 
Autónoma de Madrid. En 2023 recibió el Premio Nacional de Investigación 
para Jóvenes en el área de ciencias y tecnologías de los recursos 
naturales. 

Llevó a cabo su tesis doctoral en el Instituto de Agroquímica y Tecnología 
de Alimentos (IATA), especializándose en el desarrollo de materiales bio-

basados con aplicación como envases alimentarios. Desarrolló su carrera postdoctoral en 
Australia, en ANSTO y la Universidad de Queensland, especializándose en el estudio de la 
estructura de paredes celulares vegetales utilizando técnicas avanzadas de “scattering” y 
difracción de neutrones y rayos-X, en combinación con técnicas de microscopía, 
espectroscopía y reología. Además, durante su carrera ha realizado estancias en centros 
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internacionales como KTH, Fraunhofer Institut, USDA, Chalmers University, RISE y la 
Universidad de Illinois. 

En la actualidad, sus intereses científicos se enmarcan en el estudio estructural de distintas 
fuentes de biomasa, incluyendo residuos y fuentes de origen acuático, y su correlación con 
propiedades tecno-funcionales, para desarrollar estrategias encaminadas a una utilización 
más eficiente de los recursos naturales en alimentación. 

Haritz Sardon (UPV/EHU) 
Profesor Titular en la Universidad del País Vasco (UPV/EHU) desde 2024 
y lidera el grupo de Catálisis y Polímeros Sostenibles en POLYMAT. 
Obtuvo su Grado, Máster y Doctorado en la UPV/EHU, realizando parte 
de su tesis en el LCPO de Lyon. Tras una breve etapa en Histocell, realizó 
un postdoctorado en IBM, California, bajo la supervisión del Dr. Hedrick, 
centrado en organocatálisis para la polimerización. Regresó a POLYMAT 
con un contrato Juan de la Cierva y en 2016 fue nombrado Ikerbasque 

Fellow, incorporándose como profesor ayudante en la UPV/EHU en 2018. 

El Dr. Sardon ha publicado más de 150 artículos científicos—120 en revistas Q1 y 70 como 
autor de correspondencia—con cerca de 10.000 citas y un índice h de 56 (enero de 2025). Su 
trabajo ha sido publicado en revistas de alto impacto como Science, Nature, JACS y Angew 
Chem. Ha recibido varios premios, entre ellos los de Excelencia de la RSC (2024), de la RSEQ 
y ACS (2021), el Premio GEP al Joven Investigador y la Beca Leonardo de la Fundación BBVA 
(2020). Ha impartido más de 60 conferencias invitadas y actualmente dirige a 15 doctorandos, 
habiendo supervisado 10 tesis hasta la fecha. 

Aizeti Burgoa (Leartiker) 
Investigadora en la especialización de Transporte Sostenible en 
Leartiker. Doctora en Ciencia y Tecnología de Materiales por la 
Universidad del País Vasco UPV/EHU en 2020. Anteriormente, realizó los 
grados de Física e Ingeniería Electrónica y el máster en Nuevos 
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Materiales en la Universidad del País Vasco. Durante los últimos años su labor investigadora 
se ha centrado en la caracterización, modelado y simulación de materiales y componentes 
elastoméricos, principalmente para el sector de la automoción. 

Actualmente en LEARTIKER, dirige y colabora en diversos proyectos de investigación y 
desarrollo a nivel nacional y europeo, además de participar en la creación de propuestas de 
proyectos. Asimismo, ha publicado diversos artículos científicos en revistas internacionales 
de referencia, y ha participado en congresos y jornadas tanto nacionales como 
internacionales. 

Miryam Criado-González (ICTP-CSIC) 
Obtuvo su Grado y Máster en Ingeniería Química por la Universidad de 
Salamanca, así como un Máster en Ciencia de Polímeros por el CSIC y 
la Universidad Internacional Menéndez Pelayo. Recibió una beca FPU 
para realizar su doctorado en el Instituto de Ciencia y Tecnología de 
Polímeros (ICTP-CSIC, Madrid), obteniendo su título de doctora en 
2017. Posteriormente, trabajó como investigadora postdoctoral en el 
Institut Charles Sadron (ICS-CNRS) y en el INSERM, además de 

desempeñarse como profesora asistente en la Universidad de Estrasburgo (Francia). En 2021 
se incorporó a POLYMAT-UPV/EHU (San Sebastián), convirtiéndose en investigadora 
independiente en 2022 gracias al proyecto Emakiker, y en 2023 fue nombrada coordinadora del 
área de investigación de Polímeros para Bioelectrónica. En 2024, fue galardonada con un 
contrato Ramón y Cajal y comenzó a trabajar como investigadora independiente en el ICTP-
CSIC. Su investigación se centra en materiales inteligentes basados en polímeros y 
polipéptidos para aplicaciones biomédicas, incluyendo la síntesis de polímeros funcionales 
de origen biológico, estudios de autoensamblaje, desarrollo de geles inteligentes sostenibles 
y procesos de impresión 3D/4D con fines biomédicos. Es co-autora de más de 54 artículos en 
revistas de revisión por pares y una patente. Ha recibido múltiples reconocimientos: el Premio 
de Joven Investigadora de la E-MRS en 2021, el reconocimiento como Revisora Destacada de 
la revista Nature Communications Materials en 2025 y el EPF Future Faculty and Researchers 
Award en 2025. 
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L1-1 Development of biodegradable polylactic acid SLIMs via modified non- 
solvent induced phase inversion method 

C. Rodríguez Gómez1*, M. Hernández-Rivas1, A. Martínez-Gómez1, P. Tiemblo1, N. García1. 
1Institute of Polymer Science and Technology, ICTP-CSIC, Juan de la Cierva 3, 28006 Madrid, Spain. 

 
Slippery Liquid-Infused Porous Surfaces (SLIPS) emerged in 2011 inspired by the structure of the digestive 
tube of the carnivorous plant Nephentes. Unlike superhydrophobic surfaces, based on the lotus leaf, where 
there is a three-phase contact between solid, vapor, and liquid, SLIPS create a continuous liquid-liquid 
interface by impregnating rough and porous structures with a lubricant [1]. However, two-dimensional SLIPS 
surfaces face the drawback of lubricant loss over time, which reduces their long-term stability. To mitigate 
this issue, three-dimensional (3D) systems have been developed, retaining the lubricant within the internal 
structure as a reservoir. In this context, membrane technology has explored the functionalization of porous 
membranes with liquids trapped within their structure, called Slippery Liquid-Infused Membranes (SLIMs) [2]. 
This study aims to develop polylactic acid (PLA) SLIMs using green solvents. Firstly, phase inversion methods 
(NIPS) were employed to obtain the materials, followed by the thermal stability and crystallization analysis 
using thermogravimetric analysis (TGA) and differential scanning calorymetry (DSC). Then, structural stability 
was seen using scanning electron microscopy (SEM). After that, the materials were infused with several 
lubricants: some of them naturally produced, while others synthetic. The infusion kinetics were studied 
through capillarity, ultraviolet-visible light transmission, and the gravimetric method, obtaining the diffusion 
coefficients for each of the liquids in the material measuring different properties (weight, height or light 
transmittance). Wettability, transparency and lubricant depletion of the infused membranes were 
investigated by contact angle measurements and profilometer images. Finally, small-scale tests were 
conducted for anti-icing applications. 

Keywords: Porosity, roughness, SLIMs, lubricants, capillarity. 
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L1-2 Electro-Responsive Thermoplastics Obtained Applying Electro-Thermal 
Re-orientation and Charged Gas Activation to Dielectric Thermoplastics 

M. Gul1, A. Fontana-Escartín1,2, M. Arnau1,2, J. Sans1,2, S. Lanzalaco1,2, E. Armelin1,2, E. Chiesa3, I. Genta3, 
M. M. Pérez-Madrigal1,2 and C. Alemán1,2* 

1IMEM-BRT Group, Departament d’Enginyeria Química, EEBE, Universitat Politècnica de Catalunya, C/ Eduard 
Maristany, 10-14, 08019, Barcelona, Spain 

2 Barcelona Research Center in Multiscale Science and Engineering, Universitat Politècnica de Catalunya, 
08930 Barcelona, Spain 

3Department of Drug Sciences, University of Pavia, V.le Taramelli, 12, 27100 Pavia (PV), Italy 
 
The transition from insulator to electro-responsive materials has been achieved for certain inorganic [1]. and 
polymeric substances [2] using external stimuli or chemical modifications. Here, we introduce a novel approach 
to transform insulating 3D-printed polymers into electro-responsive materials through two sequential 
processes: electro-thermal (ET) re-orientation and charged gas activation (CA), as displayed on Figure 1. 

 
 

Figure 1. Procedures used to prepare Electro-responsive PLA discs. 
 
This method, initially developed for poly(lactic acid) (PLA), enhances crystallinity via ET and modifies surface 
properties through CA, as confirmed by Raman spectroscopy, X-ray analyses, and microscopy. Cyclic 
voltammetry revealed that treated PLA becomes electro-responsive and electrocatalytic, enabling its use as a 
sensor for dopamine detection. The approach has also been extended to polypropylene (PP) and polyethylene 
terephthalate glycol (PETG), demonstrating broader applicability for thermoplastics. 
 
Keywords: Electroresponsive polymers; Plasma treatment; Thermoelectric treatment; Thermoplastic 
polymers; Electrochemical sensors; 3D printing 
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Tailoring polymeric materials electrical properties has become the cornerstone for next-generation smart 
systems development. In this work, the Thermal Stimulated Polarization (TSP) treatment, a process involving the 
application of a constant electric field at elevated temperatures to induce permanent dipole alignment and 
lattice refinement, is extended to synthetic polymers. Although TSP has previously been applied to ceramics and 
inorganic oxides,[1,2] herein we report its first application to polymeric systems. The treatment offers a novel 
pathway for permanently enhancing thermoplastics conductivity without employing chemical modification 
routes, being a greener and environmental-friendly alternative approach. 

For that, polyethylene terephthalate glycol (PETG) and polylactic acid (PLA) were subjected to TSP treatment near 
their respective glass transition temperatures, resulting in significant improvement regarding their 
electrochemical performance. Cyclic voltammetry measurements indicated an increase in current density of up 
to 4000% compared to untreated controls, while Raman spectroscopy revealed subtle distinct structural 
reorganizations consistent with the formation of stable polarized superstructures. The results presented 
demonstrate that TSP is an effective and scalable approach for customizing electrical properties in synthetic 
polymers, providing new opportunities for the design of smart materials for applications in flexible electronics, 
sensing platforms, biomedical devices, and energy storage systems. 

Keywords: Polarization, Advanced Materials, Electroresponsive polymers, Thermoplastic polymers, 
Conductivity, Electrical Properties. 
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Multifunctional polymers are materials that combine multiple properties within a single structure, offering 
significant improvements in properties such as mechanical strength, electrical conductivity, biocompatibility, 
and responsiveness to external stimuli (such as temperature, light, or pH).[1,2] In particular, multi-catechol 
polymers have gained significant attention for their unique adhesive properties and ability to interact strongly 
with both organic and inorganic surfaces. In the fields of Nanotechnology and Composite Materials, catechols 
are used to functionalize nanoparticles, improving their dispersion and adhesion within polymer matrices, or 
enhancing the mechanical and adhesive properties of composites.[3] Environmentally, they are utilized for the 
adsorption, decomposition, and removal of heavy metals, organic compounds, and other contaminants from 
water owing to their high affinity and adsorption capacity.[4] Dopamine methacrylamide (DMA)-derived polymers 
combine the adhesive properties of dopamine due to its catechol group with the versatility of methacrylate, 
allowing the development of smart materials that change their properties in response to external stimuli. 
Furthermore, they have been used for stabilizing metallic nanoparticles (such as gold, silver, and platinum), 
preventing their aggregation and improving their dispersion in aqueous and organic media. The presence of 
catechol groups can control the growth and nucleation of nanoparticles, allowing the synthesis of particles with 
specific sizes and shapes. [5] 

This work focuses on the synthesis and characterization of new multifunctional smart nanostructurated 
copolymers containing catechol groups via light-initiated RAFT polymerization. Furthermore, we have used 
Polymerization-Induced Self-Assembly (PISA) technique to fabricate polymer nano-objects. These versatile 
nanopolymers serve then as templates for the functionalization and stabilization of luminescent Ag and Cu 
nanoclusters. The luminescent properties of nanohybrids synthesized using block copolymeric nano-objects 
obtained via PISA exhibit significant differences compared to those synthesized with statistical copolymers with 
the same functionality. Finally, we have explored their potential for sensing applications for the detection of 
heavy metal ions in aqueous media. This detection is facilitated by fluorescence quenching (switch-off) or the 
opposite effect (switch-on) when NCs are in the presence of specific metal ions. 

Keywords: multifunctional polymers, smart polymeric nano-objects, nanohybrid system, metal ion sensors. 
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The increase global energy demand, the scarcity of fossil fuels and the need to reduce the global warming and 
emission make necessary to find renewable energy resources. Luminescent solar concentrators (LCS)-based 
polymer optical fibers (POFs) appear to be a suitable alternative, since sunlight can be efficiently concentrated 
in small areas and re-emitted at the end of fibers wherein photovoltaic cells are strategically placed.[1] POFs are 
flexible and can be easily integrated into various structures, making them versatile for different applications. 
POFs were self-fabricated following two-step process of preform synthesizing and fiber drawing, using 
methacrylate-based polymers and copolymers as dispersing host material for the luminescent perylene-
derivatives dyes (violet, yellow, orange, and red) or fluorescent nanoparticles.[2]  
Along this talk, I will discuss the two different approaches to obtain polymeric preforms: extrusion and bulk free-
radical polymerization (from now on named casting). To determine the best method to synthesize preforms, a 
comparative analysis of the optical properties, as LSCs, of dye-doped POFs will be performed. The studied 
parameters will be absorption and emission, power intensity, attenuation, photostability and thermal stability.  
From all this it is possible to conclude that casting fibers offer the highest optical values, and the best results, in 
terms of type of dye, correspond to the fibers doped with lumogen red. The data also reveals that the casting 
fibers can be used as temperature sensor to monitor the surrounding medium temperature. Finally, to increase 
the sunlight-collecting capacity of the casting POFs, a new core – cladding fiber structure and different types of 
fluorescent nanoparticles as novel dopants will be considered. 
  
Keywords: polymer preform, polymer optical fibers, dyes, extrusion, casting.  
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The demand for advanced energy storage systems is experiencing a huge growth driven by the increasing use of 
portable electronics, electric vehicles, and renewable energy technologies. Moreover, the next generation of 
batteries requires significant changes, as the current state-of-the-art lithium-ion batteries (LIBs) are to become 
a bottleneck due to the low abundance of lithium. Consequently, there is a need for new batteries based on 
accessible raw materials like sodium, aluminum, zinc, and others. 

Aluminum-based batteries are promising due to aluminum’s abundance, low cost, and high theoretical energy 
density. However, developing suitable electrolytes remains a key challenge, demanding the elimination of toxic 
or corrosive liquid leaks, metal dendrite growth, and subsequent short-circuits. While the adoption of all-solid 
electrolytes can overcome safety issues, their ionic conductivity is significantly lower than that of liquid 
electrolytes. 

Polymer gel electrolytes offer a promising solution, maintaining high ionic conductivity while improving 
mechanical stability and safety. However, chloroaluminate systems introduce additional challenges. Almost a 
decade ago it was shown that the Al2Cl7- anion reacts with Lewis bases, such as common solvents or polymers 
employed in the battery fields, generating AlCl4–, which is electrochemically inactive [1]. 

This work explores the effect of UHMW poly(ethylene oxide) (PEO) concentration on the electrochemical 
properties and rheology of gel electrolytes prepared with EMIC-AlCl3 (1:1.5) ionic liquid and PEO at varying 
concentrations (2–10 wt.%). The preparation method is fast, simple and sustainable (does not require auxiliary 
solvents) [2]. The effect on electroactive species and gel rheology was studied using Fourier-transform infrared 
spectroscopy (FTIR), Raman spectroscopy, and nuclear magnetic resonance (NMR). 

Keywords: polymer gel electrolytes; ionic speciation; polyethylene oxide; aluminium battery 
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Modern electronics, which are essential for human health, safety, and communication, provide a wide array of 
opportunities to evolve our society into an intelligent world. However, with the rapid growth of the Internet of 
Things (IoT), the energy supply for electronics and sensors has become a critical challenge [1]. Triboelectric 
nanogenerators (TENGs) have been developed as a key technology for mechanical energy harvesting, but further 
improvements in their triboelectric properties are still necessary to meet the demands of practical and functional 
devices. [2]. 
Three-dimensional anodized aluminum oxide (3D-AAO) features hexagonal column-shaped cells with cylindrical 
central holes of varying diameters and transversal channels. Due to this structure, it can be used as a template 
for nanostructuring processes. This nanostructuring method offers several advantages over lithography-based 
techniques, such as cost-effectiveness, broad accessibility, and the ability to fabricate with nanoscale precision 
from the top down. [3,4]. 
Polylactic acid (PLA), one of the most promising biopolymers due to its non-toxicity, and excellent mechanical 
properties, has found industrial and medical applications thanks to its wide range of properties, from amorphous 
to crystalline states. [5]. 
This study investigates the potential of TENGs for efficient mechanical energy harvesting through contact-
separation triboelectrification and electrostatic induction. Nanoengineered PLA films with controlled 
nanostructuring, enabled by the use of 3D-AAO, are utilized in a simple, fast, controllable, and cost-effective 
process. The influence of 3D nanocavities within PLA films on triboelectric power generation is examined, 
revealing a correlation with the triboelectric charge density and the polymer's relative permittivity. 
 
Keywords: Triboelectric nanogenerators (TENG), Polylactic acid (PLA), Three-dimensional anodized aluminum 
oxide (3D-AAO). 
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Global concerns about environmental sustainability, rising energy demands, and the need to reduce greenhouse 
gas emissions have driven the development of cleaner energy technologies. However, the intermittent nature of 
renewable energy sources such as solar and wind presents challenges in ensuring a stable and reliable energy 
supply. Thermal energy storage (TES) systems, which store excess thermal energy for later use, have emerged as 
a key technology to address these challenges and enhance energy efficiency and grid stability in applications 
such as solar thermal plants, district heating, and industrial waste heat recovery. [1] 
Among TES technologies, phase change materials (PCMs) are particularly promising due to their ability to store 
and release significant amounts of energy through phase transitions. Nevertheless, their practical 
implementation is often hindered by limitations related to processability, stability, and compatibility with heat 
transfer systems. To overcome these challenges, phase change material emulsions (PCMEs) have been 
proposed. These systems consist of PCM droplets dispersed within an immiscible heat transfer fluid and are 
stabilized by emulsifying agents to prevent coalescence and phase separation. However, selecting a suitable 
heat transfer fluid remains a challenge, as it must possess specific properties such as chemical and thermal 
stability, immiscibility with the PCM, and high thermal conductivity. Polymers have been widely used as heat 
transfer fluids, as many exhibit the required properties[2]. 
 Pickering emulsions—stabilized by solid particles instead of surfactants—offer enhanced thermal and long-
term stability. This method may reduce degradation during thermal cycling and eliminate issues such as 
emulsifier oxidation [3]. This study investigates a novel oil-in-oil Pickering emulsion for TES, employing paraffin 
as the dispersed phase and polyethylene glycol (PEG) as the continuous phase. Hydrophobic silica 
nanoparticles serve as stabilizing agents, forming an interfacial barrier around the paraffin droplets to enhance 
structural stability. The thermal and rheological properties of these emulsions are evaluated to assess their 
potential for energy storage. Key parameters such as phase change enthalpies, crystallization behavior, and flow 
characteristics are analyzed. The results underscore the potential of Pickering-stabilized PCM emulsions as 
efficient and scalable solutions for practical thermal energy storage applications. 
  
Keywords: Thermal energy storing, Phase change materials, Pickering emulsions. 
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Recent advances in polymer science have led to the development of natural polymer-based electrodes for 
batteries, which are a fundamental technology to enable the transition towards more sustainable energy 
systems based on renewable sources.[1] The environmental impact of the usage of conventional batteries has 
been a major concern for a long time, and the development of sustainable batteries has been an important 
challenge for researchers.[2] Moreover, power sources that are free from shape constraints and can conform to 
various shapes are highly desired to facilitate the integration of the energy storage system into the device, which 
has also been an important limitation for emerging technologies applications.[3] Therefore, the development of 
flexible or shape factor-free batteries are of high importance to achieve this. In this work natural polymer-based 
hydrogels are investigated as injectable matrixes to host carbonaceous electrically conductive materials leading 
to shape-defined semi-solid electrodes with the potential to reduce the environmental impact of the batteries of 
the future.[4] In addition, the suitability of these injectable semi-solid electrolytes for 3D-printing applications 
have also been studied, which offer several advantages over conventional solid electrolytes, being able to be 
integrated directly into the device. Alginate-based hydrogels have turned out to meet all these properties as they 
can be applied as injectable and sustainable electrolytes for batteries, and present good ionic and electronic 
conductivities. This novel material is developed to be part of the battery’s electrodes and electrolyte, and can be 
an alternative to conventional systems for the transition to more sustainable energy devices.[5] 

Keywords: Electrochemical energy storage, biobased polymer hydrogels, semi-solid electrode. 
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Supercapacitive swing adsorption (SSA) using aqueous electrolytes offers more economical and a safer 
approach for carbon dioxide (CO₂) capture compared to traditional systems [1,2]. Yet, their limited 
electrochemical window remains a challenge for achieving low-cost, high-efficiency operation. In this study, we 
present a new electrolyte based on polyethylene glycol combined with a NaCl aqueous solution, enabling 
efficient CO₂ capture in an asymmetric supercapacitor setup. At 40 °C, neutral pH, 30 mA/g current density, and 
2.5 V, the system captures 69 mmol of CO₂ per kilogram of electrode material. Studying the negative voltage to -
2.5 V, the adsorption capacity increases dramatically to 356 mmol/kg, indicating a symmetric-like behavior 
where capture and release are independent of the charging direction. This is interpreted by the expulsion of 
bicarbonate ions initially adsorbed in the electrode pores and their slow diffusion towards the counter electrode. 
Additionally, the use of polymer-based electrolytes notably increases the stored energy, achieving up to four 
times higher gravimetric energy compared to similar devices operating around 1 V with microporous carbon 
electrodes. The system also reveals excellent durability and corrosion resistance under long-term cycling at high 
voltages. These findings highlight a promising pathway for scalable, high-performance electrochemical CO₂ 
capture technologies 
  

Keywords: Supercapacitor, CO2 adsorption, Energy storage 
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In today's carbon-constrained world, membrane gas separation is a competitive alternative to conventional 
energy-intensive separation processes such as cryogenic distillation and pressure swing adsorption. Polymers 
of Intrinsic Microporosity (PIMs) have shown a promising permeability-selectivity balance, making them 
potential candidates for use as gas separation membranes.[1] Their rigid and contorted structures prevent 
efficient packing of the polymer chains, providing an intrinsic microporous structure with high fractional free 
volume (FFV) and high surface areas, so that they behave like molecular sieves. However, PIM-based 
membranes lack long-term operational stability due to their physical aging, which reduces FFV and is 
manifested by a decrease in gas permeability over time.  In recent years, membrane research is being actively 
committed to enhance gas separation performance and manage physical aging issues, with emphasis on the 
emerging approach of blending with nanomaterials to give mixed matrix membranes (MMMs).[2] 
  
In this work we report the synthesis of a hyper-crosslinked Porous Organic Polymer (POP) via Friedel-Craft 
reaction using 1,3,5-triphenylbenzene (TPB) as starting material. The obtained polymer network showed a high 
BET surface area (2496 m2/g) and was used at different loading percentages as filler in the preparation of the 
archetypal PIM-1-based MMMs. Due to the purely organic nature of the POP-based fillers, the filler-polymer 
matrix interfacial compatibility is enhanced. In addition, the dispersed POPs particles act as scaffolds “freezing” 
the physical aging and extending the durability of membranes. Regarding the gas transport properties, all the 
fabricated MMMs show improved CO2/CH4 gas mixture separation performance comparing the neat PIM-1 
membrane. 
  
Keywords: Mixed Matrix Membranes (MMMs), CO2 Gas Separation. 
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Global warming issue, resulting from rising CO2 levels, is a severe environmental challenge and, accordingly, it 
is urgent to develop an environmental-friendly and cost-efficient CO2 treatment technology. For large-scale 
applications, highly CO2-permeable membrane materials are crucial to the technological and economic 
competitiveness of membrane technology over concurrent technologies. In recent years, Polymers of Intrinsic 
Microporosity (PIMs)-based membrane materials have demonstrated great potential for most important 
industrial gas separations due to their stiff-contorted backbone that induces strongly interconnected fractional 
free volume and exceptional gas separation performance, with high permeability and significant size-sieving 
behavior.1 In particular, for CO2 separation, a series of ultrapermeable PIMs was recently reported, of 2D ribbon-
like chain conformation and based on benzotriptycene structural units, which behaves like typical PIMs but 
much more permeable due to enhanced intrinsic microporosity arising from its 2D-chain structure. The 
outstanding data from these ultrapermeable PIMs allowed the redefinition of the CO2-involved benchmark 
Robeson upper bounds in 2019.2  
  
Current research focuses on enhancing membrane CO2 separation performance by incorporating 
diazabenzotriptycene units as building blocks – instead of benzotriptycenes moieties – as their high CO2 affinity 
due to the presence of nitrogen in the structure will increase the CO2 solubility. We introduce a novel series of 
shape-persistent ladder polymers with a 2D ribbon-like chain conformation based on 1,4-diazabenzotriptycene 
(DABTrip-PIMs), which have been used to fabricate defect-free membranes. Gas separation performance of 
high-microporosity membranes was evaluated, showing CO2-ultrapermeability and remarkable selectivity, and 
demonstrating PIMs-based membranes as potential candidates for low-cost and energy-effective carbon 
capture and natural/biogas upgrading. 
  
Keywords: Polymers of Intrinsic Microporosity (PIMs), CO2 separation, diazabenzotriptycene units, defect-free 
membranes. 
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Motivated by the promise of large-area and low-cost production of devices such as organic photovoltaic (OPV) 
cells, the field of polymer electronics has experienced a “revolution” in the last 2 decades. It is now well 
recognized that the performance of devices is critically linked to the solid-state microstructure of advanced 
semiconducting polymers, which is generated during solidification of the material via a crystallization-like 
process [1.2]. Consequently, it is of paramount importance to understand how the crystallization process occurs 
in this special class of polymers. However, due to a number of experimental difficulties (e.g. the whole 
crystallization process occurs in the 10-1 s time scale at >300 ºC), the crystallization kinetics of advanced 
semiconducting polymers have been poorly investigated.  

In this presentation I will show the first experimental methodology (based on Fast Scanning Calorimetry) that 
allows investigating the crystallization of semiconducting polymers in one step. Using PTQ10 as a model system 
of a crystallizable donor polymer with high performance in organic solar cells [3], I will argue that the modelling 
of the crystallization kinetics of PTQ10 needs to consider a fast Avrami-like nucleation step, followed by a rapid 
autocatalytic growth, as described in the Malkin model [4], [5]. Four different isothermal crystallization 
temperatures were investigated (ranging from 340 to 343 °C) with fitting coefficients R2 over 0.99.  
It is anticipated that the comprehension of the crystallization kinetics of semiconducting polymers will enable 
the design of rational processing pathways for these materials, impacting the entire field of organic electronics, 
from organic photovoltaics to bioelectronics to wearable electronics. 

  
Keywords/Palabras clave: conjugated polymers, crystallization, kinetics, fast scanning calorimetry 
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The development of high-dielectric polymer materials is critical for advancing energy storage and conversion 
technologies.[1] In this study, we report the synthesis and characterization of novel poly(ether-imide-ester) (PEIE) 
polymers incorporating sulfur-based amino acid residues as dipolar units. Specifically, we designed and 
synthesized two PEIEs containing methionine (PEIE-Met) and its oxidized form, methionine sulfone (PEIE-
Met(O2)), to investigate the impact of pendant thioether and sulfone groups on the dielectric properties. The 
synthesized polymers were thoroughly characterized via spectroscopic (FTIR, NMR), thermal (TGA, DSC), and 
dielectric (BDS) techniques. The results confirm the successful incorporation of methionine-based moieties into 
the polymer backbone, leading to the formation of materials showing high thermal stability, as evidenced by 
onset degradation temperatures above 300 °C, glass transition temperatures (Tg) in the 162–182 °C range, and 
excellent dielectric performance. Notably, at room temperature, PEIE-Met(O2) exhibited a higher dielectric 
constant (εr' = 7.1 at 1 Hz) than did PEIE-Met (εr' = 5.7 at 1 Hz), which was attributed to the increased dipole 
moment of the sulfone groups. Both polymers maintained low dielectric loss values (tan (δ) < 0.01) at room 
temperature, making them promising candidates for capacitor applications.[2] Notably, the materials developed 
in this work exhibited discharge efficiency values above 85 % at 100 °C under electric fields of 100 and 200 MV/m, 
confirming their suitability as dielectric layers for energy storage applications. This study highlights the potential 
of bioderived amino acid residues as functional building blocks for high-dielectric polymer design. Our findings 
open new avenues for the development of sustainable, high-performance dielectric materials tailored for next-
generation electronic and energy storage applications. 
 
Keywords: Polymer Dielectrics, Energy Storage, Dipolar Glass Polymers, Amino Acids 
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The polyhydroxy alkylation reaction is a synthetic procedure that yields a wide variety of polymeric materials, 
many of which have potential applications in energy-related fields [1]. This synthetic methodology is derived from 
the superelectrophilic theory of Olah and Klumpp [2], and in the last decade of the 20th century, was applied in 
synthesizing polymers possessing desirable properties [3].  
These polymers exhibited high thermal and chemical resistance, particularly when the monomers were well-
chosen. However, the materials' fraction free volume (FFV) has not been adequately studied. Therefore, we have 
obtained a series of electrophilic rigid monomers, that, in some cases, possess a contortion point capable of 
imparting intrinsic microporosity, which should increase the FFV of polymers. 
Subsequently, we made polymers by reacting these electrophilic monomers with activated ketones as isatin and 
N-methylisatin, or mixtures of both, to tune the FFV of the resulting materials. Monomers and polymers were 
characterized by common techniques (NMR and FTIR spectroscopy), and their mechanical properties and 
thermal stabilities were studied. Finally, derivatization of isatin-based materials was carried out to incorporate 
sulfonic groups, increasing their hydrophilic character to improve the ionic transport properties in aqueous 
medium. 
  
Keywords: polyhydroxy alkylation reaction, Fractional free volume, thermal stability, mechanical properties, 
hydrophilic character.  
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Los polímeros son materiales fundamentales para múltiples sectores industriales y han tenido un papel clave 
en el avance de la agricultura. Un ejemplo destacado es el polietileno de baja densidad (PE-LD), ampliamente 
empleado en la fabricación de filmes de acolchado agrícola. No obstante, su resistencia a la degradación genera 
preocupaciones ambientales, ya que contribuye a la acumulación de residuos plásticos. Al final del periodo de 
cultivo estos residuos han de ser recogidos para posteriormente ser reciclados, proceso muy complejo debido 
a los fragmentos de tamaño micrométrico producto su degradación, y a la suciedad de la tierra impregnada 
sobre el plástico. Todo ello conlleva a la acumulación de microplásticos en el medioambiente [1]. Esta 
problemática ha impulsado la búsqueda de alternativas biodegradables, cuya adopción es esencial para reducir 
el impacto ambiental del PE-LD. El polímero que más atención ha recibido es el poli(butilen adipato-co-
tereftalato) (PBAT), un poliéster biodegradable con propiedades mecánicas y procesado similares al PE. El 
principal inconveniente en el empleo de PBAT reside en su alta sensibilidad a la radiación UV.  
Por este motivo, en el presente Trabajo se han desarrollado mezclas de diferentes composiciones basadas en 
PBAT y polietilencarbonato (PEC), un polímero biodegradable que posee gran interés ecológico. Para el 
desarrollo de estas mezclas se empleó extrusión y moldeo por compresión. El alcance de este trabajo 
comprende el estudio de la compatibilidad de ambos polímeros, el estudio de sus propiedades térmicas, 
mecánicas y superficiales y la evaluación de su estabilidad frente a la radiación UV y de su comportamiento en 
condiciones de compostaje.  Los resultados obtenidos muestran como las mezclas de PBAT/PEC presentan, por 
un lado, propiedades mecánicas similares al PBAT y, por otro lado, mayor fotoestabilidad, la cual se estudió por 
análisis de quimioluminiscencia, Fig1a. Además, se observa mejor compostabilidad en las mezclas con el 
contenido en PEC, con respecto al PBAT puro, Fig1b. 

 
   

a)                                                                                                                                             b) 
Figura 1. Resultados del estudio por a) quimioluminiscencia y b) compostaje. 
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 The field of organic photovoltaics (OPV) has experienced a significant development in recent years with record 
power conversion efficiencies (PCEs) surpassing 20%. That is especially due to the chemical flexibility and 
tuneability of non-fullerene-acceptors (NFAs) as fundamental component in archetypal donor:acceptor blends 
used as photoactive layer. However, such a structural, chemical design freedom comes with the drawback of not 
having a clear material development roadmap.1 On the other hand, it should be possible to link specific structural 
parameters of the donor:acceptor blend morphology to the solar cell PCE and stability.2,3 Therefore, clear 
connections between how the chemical structure and composition alters the overall donor:acceptor 
morphology can guide new design pathways to higher PCEs. 
For this purpose we have carried out grazing-incidence wide-angle x-ray scattering (GIWAXS) measurements in 
a wide variety of donor polymer:NFA blends. The chosen polymer was D18 as it is one of the most promising for 
OPV, and it was blended with a selection of 9 different acceptors - including 5 Y-family NFAs which yield PCEs in 
excess of 18%. 
Density Functional Theory (DFT) calculations were performed on all donor polymer and NFA molecular 
structures involved in order to optimize their 3D geometries and extract accurate molecular descriptors. Then, 
these descriptors were correlated to a number of the structural parameters obtained through a careful 
quantitative analysis of the aforementioned GIWAXS diffractograms. 
Among the analyzed parameters we highlight the fraction of face-on oriented crystallites in polymer:NFA 
samples: there exists a correlation between the fraction of crystalline material with preferred orientation in the 
out of plane direction and literature-reported PCEs of the corresponding donor:acceptor blends. Based on the 
molecular descriptors of the most promising NFAs blended with D18, we provide guidelines for the deliberate 
design of small molecular acceptors toward better-performing organic solar cells. 
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Currently, polymeric materials are dominant in the market for gas separa�on applica�ons. For example, ARKEMA´s 
polyamide-b-polyether (PEBAX®) segmented block copolymers have shown good selec�vity of CO2 over other light 
gases [1]. Because of the linear and alipha�c structure of state of the PEBAs, membranes are processed as flat sheet, 
by coa�ng of a polymeric solu�on into a porous support [2]. The resul�ng composite structure has the disadvantage 
that the polymer cannot be recycled. In addi�on, the flat geometry leads to a low packing density of the membrane 
into a separa�on module. To overcome these drawbacks, we have inves�gated the synthesis of new, PEBAX® with a 
modified chemical structure, tuned to offer processability into a hollow fiber membrane (HF). In addi�on, aiming to 
offer reduced environmental footprint we have focused our efforts in using monomers derived from renewable 
feedstocks.  
Experimental/methodology. Polymer synthesis was done by polycondensa�on in two steps. First the polyamide (PA) 
was synthe�zed from dimer faty acid (Pripol® 1009) and 1,10 diaminodecane, second the PA was copolymerized with 
polyethylene oxide (PE). The manufacture of hollow fiber membranes involved air step evapora�on followed by non-
solvent-induced phase separa�on done by co-extrusion of one or two polymer solu�ons with an inner fluid through 
an air gap into a coagula�on bath [3].  
Results and discussion.  
Best hollow fiber membrane morphology and separa�on proper�es were achieved when different PA to PE weight 
ra�os were used for the same co-polymer. The co-polymer with a higher PA weight % was co-extruded around the 
same co-polymer with a higher PE weight %, both around the inner fluid. The selec�ve layer was formed at the interior 
surface and a high porosity was contained within the wall and at the outer surface [4]. The dual layer hollow fiber 
morphology is shown in Figure 1. 

 
Figure 1. Cross sec�onal morphology of dual layer hollow fiber membranes developed in this work. 

Keywords: gas separa�on, hollow fiber membrane, polyamide-b-polyether (PEBAX®). 
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Attaining ion transport with artificial molecular transport systems (AMTS) is of high interest for many 
bioelectronic applications, as drug delivery or ion sensing.[1,2] To drive the active transport of protons and metal 
ions, a potential drop is generated across an ionic membrane, which drives the ions through. While wired 
transport has been extensively investigated,[3,4] contactless approaches for generating the potential drop have 
not been studied to the same extent so far. Asymmetric light illumination, for example, generates a potential 
drop that pumps the ions across the membrane, allowing for contactless, low-invasive transport. Existing AMTS 
are typically composed of lipid or liquid membranes.5,6 However, these lipid or liquid membranes come with 
challenges such as poor eficiency, fragilness, and compatibility issues with interacting components. To 
overcome these limitations , ionic, cross-linked and bio-compatible polymeric membranes have been 
proposed. Herein, we present the synthesis and characterization of different ionic/cross-linkable thiophene-
based conjugated monomers, which are then electrochemically copolymerized, obtaining ionic cross-linked 
polythiophenes. We obtain homogeneous films with desirable VIS light absorption and stable electrochemical 
properties. With these characteristics, the obtained ionic cross-linked thiophene-based copolymers have the 
potential to be used as light-gated ion pump systems in biolectronic applications such as drug delivery. 

 
General scheme of ionic and cross-linkable thiophene-based monomers which are electrochemillay copolimerized to be used as light-gated ion pumps 
for bioelectronic applications. 
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The use of conductive polymers has expanded significantly over the past 20 years. From biosensors[1] to 
different types of batteries[2], these polymers have been used in a wide variety of fields. The versatility of these 
polymers together with various modifications reported in the literature have led to an increased interest in these 
compounds. 

One of the most commonly used conducting polymers is poly(3,4-ethylenedioxythiophene) (PEDOT) because of 
its high electrical conductivity[3]. The polymerization of EDOT leaves the polymer backbone with an excess 
positive charge, that is compensated by anions. Generally, polystryrene sulfonate (PSS) is used as counterion 
since improves the processability and solubility of PEDOT. There are several studies in which this dispersion is 
modified in distinct ways to increase conductivity. One of the previously reported4 ways is the treatment with 
aprotic and protic ionic liquids (p-IL), thus achieving a significant increase in electrical conductivity. 
In this work, we present a variety of PEDOT:PSS mixtures with different p-IL in different proportions. Resistant 
and homogeneous membranes were obtained. Ionic and electronic conductivity tests were carried out showing 
good results, increasing the conductivity of the PEDOT dispersion. 
 

 
 
 
Keywords: PEDOT:PSS, protic ionic liquid, electronic conductivity, electroactive polymers 
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Microneedles (MN) are a powerful platform for minimally invasive biosensing, offering painless access to 
interstitial fluid (ISF) and enabling continuous, real-time monitoring. MN structures are sharp micro-projections 
(<1 mm), typically fabricated from polymers or metals, and capable of penetrating the outer skin to reach the 
dermis[1]. In this study, MN-based electrochemical sensors were designed and fabricated via 3D printing; 
electrodes were fabricated by sputtering of thin-film Au layers through vinyl stencils, and silver-filled vias were 
used for electrical interconnection to the potentiostat contacts. A Prussian Blue (PB) layer was electrodeposited 
on the MN tips to act as an artificial peroxidase, facilitating the detection of glucose and lactate in the presence 
of their respective oxidase enzymes[2]. 
This work focuses on optimizing the enzyme immobilization matrix, a key element affecting biosensor 
performance. Three distinct biopolymeric matrices—chitosan (CHI), silk fibroin (SF), and methacrylated 
hyaluronic acid (MeHA)—were investigated for their ability to retain enzymatic activity, prevent enzyme leaching, 
and modulate analyte diffusion. The diffusivity of these matrices was evaluated using ferrocyanide as a model 
redox species on gold microelectrodes. All hydrogels were crosslinked to enhance structural stability and 
enzyme retention. Results highlight the critical influence of the immobilization matrix on both sensor sensitivity 
and dynamic range, providing insights for the development of robust, wearable MN biosensors for applications 
such as diabetes management. 
  
Keywords Microneedles, interstitial fluid, enzimatic electrochemical biosensors, polymer, hydrogel 
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Over the past decade, conducting polymers (CPs) have gained prominence as electroactive inks for high-
resolution 3D printing of (bio)electronic devices, particularly using digital light processing (DLP) and two-photon 
polymerization (2PP) [1]. Poly(3,4-ethylenedioxythiophene) (PEDOT) is especially valued for its conductivity, 
stability, and biocompatibility. However, its typical formulation with non-degradable polystyrene sulfonate (PSS) 
in PEDOT:PSS dispersions requires additional photocurable polymers for light-based printing, compromising 
biodegradability and sustainability, critical for disposable biomedical applications [2,3].To overcome these 
limitations, we developed a series of biodegradable PEDOT:biopolymer dispersions by oxidative polymerization 
of EDOT in the presence of naturally derived, anionically functionalized biopolymers: κ-carrageenan (CAR, 
sulfate groups), alginate (carboxyl groups), and inulin (hydroxyl groups). Among these, PEDOT:CAR exhibited the 
highest electrical conductivity (~0.1 S/cm), attributable to the high charge density and favourable interactions 
between PEDOT and the sulfate-rich CAR backbone. To enable light-based fabrication, CAR was further 
functionalized with methacrylate groups, yielding a photopolymerizable PEDOT:CAR-MA ink compatible with 
DLP printing. This PEDOT:CAR-MA formulation enabled the direct fabrication of architected, shape-defined 
conductive hydrogels with 4D functionality, exhibiting reversible swelling/deswelling behaviour, structural 
integrity, electrical conductivity, and enzymatic degradability. Importantly, the printed constructs supported high 
cell viability and demonstrated cytocompatibility with human-induced pluripotent stem cell-derived neurons 
(iPSC-neurons), underscoring their potential for bioelectronic interfaces. Overall, these sustainable, 
biodegradable PEDOT-based materials offer a compelling platform for next-generation, disposable bioelectronic 
devices, with demonstrated utility in soft, implantable sensors for in vivo pressure monitoring and 
electrocorticography (ECoG).  

Keywords PEDOT, Bioelectronics, Implantable devices, Biobased, Biodegradable  
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Over the last few years, there has been increasing interest in the development of hydrogels with self-healing or 
shape memory properties for potential applications in additive manufacturing techniques, wearable 
electronics, soft robotics, and biomedical devices.  [1] In this context, polyvinyl alcohol (PVA), a semicrystalline 
polymer capable of forming physical hydrogels through freezing and thawing cycles, was chosen. PVA offers 
inherent advantages such as hydrophilicity, biodegradability, and biocompatibility. However, it produces 
physical hydrogels that are mechanically weak. [2] 
 

  Figure 1. Representative images corresponding to hydrogel samples  PVA and PVA/C16_3 (10 wt%). a) and c) cut for the self-healing test, and b) and d) after being kept at 
50°C for 48 hours in a saturated vapor atmosphere. e) and f) show the capacity of the hydrogels to hold a glass slide of 5 g. 

  
To address this limitation and enhance functionality, we employed a straightforward methodology for forming 
PVA gels in water by blending PVA with hexadecyl alkylamine (C16) and utilizing freeze–thaw cycles to promote 
gelation.  [3] This simple system, in which gel formation occurs exclusively in water, demonstrates that 
incorporating a second, immiscible component (even in small amounts) induces crystallization of some of the 
PVA chains. This process promotes hydrogel formation and can significantly alter the thermomechanical 
properties of the resulting hydrogels, introducing additional functionalities such as self-healing and adhesive 
properties. 
  
Keywords: polyvinyl alcohol, freezing-thawing cycles, crystallization induced gelation, blend hydrogels, 
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This work presents the development of bio-based polyurethane (PU) coa�ngs derived from vegetable oils, aimed at 
offshore applica�ons such as the protec�on of marine wind turbines. These coa�ngs offer a sustainable alterna�ve to 
conven�onal systems, which are typically formulated with petrochemical-derived substances, toxic components, and 
environmentally hazardous compounds, aligning with energy sector decarboniza�on goals and �ghtening 
environmental regula�ons. 

The ini�al formula�ons have shown remarkable an�corrosive behavior. Electrochemical impedance spectroscopy (EIS) 
tests in saline medium yielded resistance values exceeding 107 𝛺𝛺 reaching up to 109 𝛺𝛺 surpassing the protec�ve 
threshold of 106 𝛺𝛺. In addi�on, the materials exhibit shape-memory proper�es, enabling structural recovery a�er 
deforma�on. This opens new pathways for smart coa�ngs with self-healing poten�al and s�mulus-responsive 
behavior.  

Currently, metallic and metal oxide nanopar�cles are being incorporated as func�onal fillers to further enhance 
an�corrosive performance, mechanical stability, and resistance to marine biofouling. This research contributes to the 
design of intelligent, sustainable and �me-resistant protec�ve coa�ngs for harsh offshore environments.  

 

 

Keywords/Palabras clave: bio-based polyurethane, nanotechnology, an�corrosion, cathodic protec�on, an�fouling, 
smart coa�ngs. 
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Polymeric fibers have gained attention due to their high surface area, porosity, and versatility. One of the main 
challenges in the food industry is to improve food safety, preserve the quality of packaged food, and extend its 
shelf life. "Active" packaging systems address these challenges by modifying the package environment through 
oxygen scavengers, moisture absorbers, antioxidants, and antimicrobial agents. Nano- and microfibers are 
particularly well-suited for these systems due to their high surface area, which allows them to act as efficient 
carriers for active compounds. Polylactic acid (PLA) fibers blended with antioxidants and antimicrobial 
bioplasticizers (CITREM and ACETEM) were produced using the forcespinning technique, an alternative to 
electrospinning that enables higher production.  

 

Different concentrations of PLA solutions were tested to obtain optimal fiber formation, and finally a 
concentration of 20% of PLA was selected. The thermal properties of the plasticized films were assessed using 
DSC and TGA. Antimicrobial properties were evaluated using the standard method E2149-13a against both gram-
positive and gram-negative bacteria, while antioxidant properties were analyzed using Blois’ method. 
Additionally, Raman confocal microscopy and field emission scanning electron microscopy were used to further 
investigate the morphology and microstructure of the samples. The results indicated that variations in PLA 
concentration led to instability in fiber production. Fibers containing 20% PLA exhibited a uniform diameter 
(approximately 20 µm) with no defects. The addition of plasticizers reduced the thermal stability of PLA while 
increasing crystallinity. Finally, the bioplasticizers imparted new functionalities to PLA, including antimicrobial 
activity and antioxidant properties. Thereby, functionalized PLA fibers hold great potential for food packaging 
applications, such as absorbent pads for capturing exudates in fresh products or tea bags with active properties 
to extend shelf life and prevent food loss. 
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Polyamides (PA) are essential synthetic polymers used in various applications, from consumer goods to high-
performance materials in technical and biomedical fields1. They are valued for their outstanding properties, 
largely due to their ability to form hydrogen bonds between polymer chains2. However, their stability also leads 
to environmental concerns, as PA microplastics accumulate in ecosystems. Moreover, given that the production 
of conventional polymers relies heavily on fossil fuels, which exacerbates resource depletion and climate 
change, there is a growing shift towards sustainable, bio-based polymers3. Hence, in this work a series of sulfur 
containing semiaromatic polyamides have been successfully synthesized and properly characterized. Eugenol, 
a natural phenolic compound, was used as starting material. Moreover, this study concludes that chemical 
hydrolysis is an effective method for recovering the monomer. This process enables the reuse of monomers for 
further polymer synthesis, contributing to a circular economy and addressing the environmental challenges 
posed by polyamide waste.  

 

Figure 1. Synthesis and degradation schemes of biobased PAs. 
Keywords: polyamides, degradation, bio-based  
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The widespread use of non-biodegradable, petroleum-based polymers in packaging has raised significant 
environmental concerns, driving the search for sustainable, circular economy-based solutions. Potato peel 
(PoP), the primary byproduct of potato processing, is a rich source of starch and presents a promising biomass 
for biodegradable material development. This study aims to valorize PoP by transforming it into bioplastics for 
food packaging applications. 

To enhance its functionality, PoP was subjected to acidic hydrolysis and treated with a deep eutectic solvent 
(DES) composed of glycerol and choline chloride. The plasticization effects of DES, its individual components 
(choline chloride and glycerol), and thermoplastic starch films as controls were systematically investigated. 

The structural and morphological properties of the developed materials were analyzed using FTIR and SEM. 
Additionally, their mechanical properties and interaction with water—including moisture content (MC), water 
solubility (WS), and water vapor permeability (WVP)—were evaluated. Thermochemical properties were 
assessed through TGA and DSC to determine material stability and biodegradability. 

Preliminary findings indicate that DES significantly enhances the plasticization of PoP, resulting in homogeneous 
and flexible bioplastics. These results highlight the potential of PoP-based bioplastics as eco-friendly food 
packaging alternatives, reducing reliance on petroleum-based polymers and promoting waste valorization. 

Keywords: Potato peel, Deep eutectic solvents, Food-waste, Bioplastics 
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La mayoría de los estudios sobre biodegradación marina de polihidroxialcanoatos se realizan en condiciones 
de laboratorio, que no reflejan la complejidad y variabilidad de los ambientes naturales. Se diseñó un estudio in 
situ en el mar Mediterráneo durante un año para evaluar la biodegradabilidad del poli(3-hidroxibutirato-co-3-
hidroxivalerato (PHBV) en un entorno marino real. Se monitorizó la pérdida de masa de muestras con distintos 
espesores [1]. Paralelamente, se analizaron los biofilms formados para identificar microorganismos 
biodegradadores [2], y se exploró su capacidad biosintética. 
Se identificaron diferentes proteobacterias con capacidad biodegradadora del material. Además, se aisló una 
cepa (MAR44) que, a partir de glucosa, acumuló gránulos intracelulares de PHA (Imagen 1C). MAR44, 
identificada como Roseibium alexandrii, destacó por presentar la mayor señal de fluorescencia relativa, 
superando a Cobetia marina, utilizada como referencia positiva (Imagen 1D). El espectro de FTIR del polímero 
extraído mostró coincidencia con el del PHBV comercial, confirmando la identidad del biopolímero sintetizado 
(Imagen 1E).  
Este enfoque multidisciplinar permite avanzar en la comprensión del destino ambiental de los PHAs y del papel 
de los microorganismos marinos nativos en un ciclo biológico potencialmente circular de los bioplásticos.  

 
 Palabras clave: Polihidroxialcanoatos, biodegradación, economía circular, biofilm, biosíntesis polimérica 
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In recent years, food packaging has evolved into a key element of food preservation strategies. It plays a central 
role in ensuring product quality, extending shelf life, and reducing food waste along the entire supply chain [1]. 
At the same time, increasing environmental awareness and legislative pressure are pushing both industry and 
research toward the development of packaging materials that are not only functional, but also sustainable and 
biodegradable. A promising response to these demands lies in the use of bio-based materials derived from 
renewable resources or industrial byproducts. In this context, the present work contributes to a broader project 
aimed at the development of fully bio-based packaging prototypes specifically tailored for fresh meat 
applications. Accordingly, this research focuses on the integration of microbial biopolymers and agri-food 
waste-derived additives to obtain a sustainable multilayer packaging solution. The proposed concept includes 
structural and functional layers based on different types of polyhydroxyalkanoates, a family of biodegradable 
microbial polyesters known for their chemical diversity and tunable material properties. The sustainability of the 
packaging product is enhanced by the utilization of active compounds derived from spent coffee grounds. In 
particular, this abundant waste biomass represents the source of low molecular weight phenols, mainly caffeine 
and chlorogenic acid, which are obtained via a hydroalcoholic extraction. These compounds have already been 
tested for their antioxidant and antimicrobial properties [2], [3]. Hence, by integrating biopolymers and bioactive 
compounds derived from a common waste stream, this research proposes a circular and innovative approach 
to packaging design, highlighting how the synergy between biotechnology and materials science can drive the 
development of high-performance, sustainable solutions for food preservation. 
  
Keywords: polyhydroxyalkanoates, biopolymers, biomass, active packaging, multilayer materials 
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Conventional polymeric foams used in agriculture for seed germination, such as polyurethane and phenol 
formaldehyde foams, contribute significantly to environmental pollution due to their non-biodegradability, 
accumulation in landfills, and microplastic generation. As a sustainable alternative, biodegradable foams 
derived from bio-based materials are being explored to mitigate these issues. This study investigates the 
fabrication of bio-based foams using different compositions and varying processing methods- vacuum oven 
drying and microwave, crosslinking agents, and stabilizer concentrations. The foams were synthesized using 
grass biomass as a renewable resource and characterized for their structural, morphological, and mechanical 
properties. In addition, their swelling behaviour was evaluated in various aqueous media, including tap water, 
distilled water, and fertilizer solution. The impact of processing methods on foam morphology, porosity, and 
water absorption capacity was analyzed to understand the interaction of these foams with different liquid media 
is essential to assess their water absorption capacity and stability.  
  
The results of this study confirm that foams were successfully obtained from both processing routes. However, 
the microwave-assisted method produced foams with superior pore morphology and stability. Additionally, the 
findings highlight the influence of processing techniques and chemical modifications on the material's swelling 
behaviour, achieving up to 430% water absorption when immersed in fertilizer solution media for 5h. This 
research contributes to the growing field of sustainable materials by offering an eco-friendly alternative to 
conventional polymeric foams, reducing environmental pollution, and promoting sustainable agricultural 
practices. 
  
Keywords Sustainable materials, Biodegradable foam, Natural polymers, Compostable materials  
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Nowadays, the versatility of polyurethanes is one of their core strengths, and places them at the forefront of 
leading materials across multiple sectors, i.e. footwear (adhesives), automotive (coatings and flexible foams), 
medical (elastomeric implants), and so on. [1] Among other notable characteristics, the simplicity of their 
synthesis stands out: by means of a polycondensation reaction between isocyanate and alcohol-bearing 
groups, the urethane bond is formed, constituting the backbone of these materials. The production of 
polyurethanes involves a number of additional components, including but not limited to a chain extender, a 
catalyst, and a plasticiser. The synergy of these ingredients is key in achieving a wide range of materials, 
characterised by unique morphologies and properties and, in turn, allowing the design of polyurethanes tailored 
to specific needs and applications. 
  
Nevertheless, the issue of plastic accumulation and poor management is a cross-cutting concern that also 
extends to polyurethanes, making products that are disposed of in landfills or pollute the seas and oceans a 
problem that extends across all sectors. The current solution to this dilemma is one of the following: mechanical 
recycling, chemical recycling or energy recovery. [2] The present study focuses on chemical recycling, offering 
specifically an alternative to traditional glycolysis that uses polyester waste to prepare polyols, the precursors 
of polyurethanes, and its impact on sustainability and Circular Economy. 
  
Therefore, the main objective of this work accounts for the design and development of tailor-made polyurethane 
formulations loaded with varying amounts of recicled polyols obtained after the application of a glycolysis 
treatment to a sample of marine poly(ethylene terephthalate) (PET). [3] Furthermore, both the structure and the 
properties that these new materials are donned with are determined and tested by means of an array of classic 
characterisation techniques, namely Differential Scanning Calorimetry (DSC) and compression experiments, as 
well as some advanced techniques such as low-field Multiple Quantum Nuclear Magnetic Resonance (MQ-
NMR) to study the network of the resulting polyurethanes, and the use of a Scanning Vibrating Needle Curemeter 
(SVNC) for the determination of the gel time of each of the synthesized samples. 
  
Keywords: flexible polyurethanes, upcycling, sustainability, low-field NMR, chemical recycling. 
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Una de las posibles soluciones al problema actual con los residuos plásticos son las redes covalentes 
adaptables. Estos materiales se basan en redes tridimensionales entrecruzadas que contienen en su estructura 
enlaces reversibles y dinámicos. Dichos enlaces permiten que los materiales puedan ser reciclados o 
reprocesados, aunque a temperatura ambiente posean las propiedades características de un termoestable, 
como buenas propiedades mecánicas y alta estabilidad térmica y química. Si la reacción de intercambio sigue 
un mecanismo asociativo, se les denomina vitrímeros por su semejanza al vidrio cuando se funde. 

El objetivo de este trabajo consiste en la síntesisy caracterización de una familia de vitrímeros obtenidos a partir 
de diferentes oligómeros poliiminas terminados en grupos amina, a partir de la reacción entre el tereftalaldehído 
(TA) y dos aminas comerciales: la Jeffamina D-230 y la dietilentriamina [1]. Variando el exceso de amina es 
posible obtener diferentes oligómeros con distintas longitudes de cadena, lo que afecta de manera notable a 
las propiedades del material final. Para la obtención de los vitrímeros finales, los oligómeros fueron 
entrecruzados con un diepóxido cicloalifático en proporciones estequiométricas y no estequiométricas, 
obteniéndose cinco materiales distintos. 

Todos los materiales obtenidos exhiben temperaturas de transición vítrea (Tg) en un rango de 30 a 60 °C, junto 
con buenas propiedades mecánicas y estabilidad térmica. Los ensayos de relajación de tensiones demostraron 
tiempos de relajación rápidos, mucho más notable en los materiales no estequiométricos, los cuales también 
presentaron una mejor resistencia a la fluencia (creep). Al final de su vida útil, los materiales pueden ser 
reciclados mecánicamente, conservando sus propiedades termomecánicas originales, así como degradados 
químicamente mediante hidrólisis o transaminación. 

Otras de las propiedades evaluadas de manera cualitativa fueron la memoria de forma y la auto-soldadura, 
añadiendo más valor para futuras aplicaciones industriales. Finalmente, dos de los vitrímeros fueron utilizados 
como matriz para materiales compuestos reforzados con fibra de carbono, comprobándose una mejora en el 
comportamiento mecánico y manteniendo las propiedades vitriméricas. 

Palabras clave: Oligómero, Poliimina, Vitrímero, Reciclabilidad, Fibra de Carbono 
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Growing concerns about fossil resource depletion and mounting environmental concerns has amplified interest 
and demand for sustainable and green materials. Consequently, much attention has been focused on integrating 
biomass as a renewable source of carbon to produce valuable-added chemicals. Initial efforts have been made 
in the preparation of biobased acrylate polymers using forestry-derived biomass and carbohydrates, being the 
last recently exploited in our group from solvents derived from lactic acid.1,2 However, biobased water-soluble 
acrylate polymers are still largely unexplored despite advancements in current systems. Therefore, there is a 
clear need to not only formulate acrylic polymers derived from renewable resources but also to design chemical 
synthetic routes that minimize the reliance on toxic reagents and solvents during their preparation. In this 
context, biobased water-soluble acrylates were synthesized from biomass-derived precursors and utilized as a 
key component in the preparation of sequential well-defined block copolymers. The resulting amphiphilic 
copolymer demonstrated promising functionality as a polymeric surfactant in aqueous emulsion polymerization 
of industrially relevant hydrophobic monomers, offering a method for the preparation of stable latex dispersions.  

 

Figure 1. General overview of the use of biomass-derived copolymers for aqueous emulsion radical polymerization of hydrophobic 
monomers. 

 Keywords: Emulsion polymerization, Amphiphilic, Copolymers  
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La gestión de los neumáticos al final de su vida útil supone un ambicioso ambiental a nivel mundial. Los 
neumáticos están compuestos por diferentes materiales haciendo que su separación y eliminación sea 
compleja.[1] El reciclado mecánico de neumáticos al final de su vida útil proporciona tres fracciones (acero, 
textil y polvo de caucho). El polvo de caucho puede utilizarse en diversas aplicaciones industriales, tales como 
suelas de zapatos, relleno de asfaltos, parques infantiles o relleno de campos de fútbol. [2] Sin embargo, debido 
al Reglamento (UE) 2023/2055, se implementarán restricciones en la aplicabilidad de este material reciclado, 
lo que obliga a encontrar otras aplicaciones donde incorporarlo. 
  
Por ello, la incorporación de polvo de neumático al final de su vida útil en elastómeros termoplásticos se 
presenta como una alternativa a considerar para el desarrollo de materiales sostenibles. Estos materiales están 
compuestos por una matriz termoplástica, que aporta procesabilidad al material formado, y una red 
elastomérica dispersa en forma de esferas distribuidas de manera uniforme, proporcionando elasticidad al 
producto final. [3][4] Los elastómeros termoplásticos se utilizan en una amplia gama de aplicaciones, como en 
automoción, electrodomésticos o en construcción (sellos, juntas, perfiles de juntas y ventanas, instrumentos 
de cocina, mangas de protección y puertas), entre otros. [5] 
  
En este trabajo, se abordó la incorporación del polvo de neumático fuera de su vida útil en productos 
termoplásticos para promover una gestión de residuos más sostenible. Se llevaron a cabo diversos tratamientos 
sobre el polvo de neumático con el fin de mejorar la adherencia de la interfase entre polvo de neumático y el 
cacuho y propiedades del producto final. Además, se estudió la reprocesabilidad y las propiedades mecánicas 
de los productos finales arrojando resultados competentes a nivel industrial. 
  
Palabras clave: sostenibilidad, elastómeros termoplásticos, neumáticos al final de su vida útil 
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Polyurethanes (PUs) are a family of thermoplastic and thermosetting polymers that contain a significant amount 
of urethane (-HN-COO-) groups. These polymers are derived from isocyanates and hydroxyl-containing 
compunds. Through the adjustion in chemical composition and production conditions, their properties are 
adjustable, and can take the form of thermoplastics, elastomers and flexible foams. Their multifunctionality, 
flexibility and mechanical strength make them widely applicable in industries as foams, adhesives and coatings 
but are also present in construction materials, paints and synthetic skin [1]. 
Despite al the aboved mentioned advantages, PUs have some drawbacks, specially regarding their 
sustainability. PUs raise concerns at two main levels: their manufacture and their recycling. At a manufacturing 
level, most PUs are petroleum-based, which contribute to the depletion of increasingly scarce fossil-fuels. 
Furthermore, at the end of their life-cycle, PUs mostly end up as energy source in incinerators (contributing to 
CO2 emissions) or buried in landfills (which contributes to soil and ecosystem pollution) [1]. To overcome these 
issues, the obtention of bio-based monomers as raw materials for polyurethane synthesis emerges as a valuable 
solution. To this end, polyhydroxyalkanoates (PHAs) are considered attractive candidates because they are 
microbial polyesters that some gram-positive and gram-negative bacteria are able to produce and accumulate 
intracellularly. They exhibit various properties depending on the monomers type and composition and have been 
studied as a promising substitute for petroleum-based plastics [2]. 
The main objetive of this work revolves about the obtention of bio-based polyols derived from PHAs as raw 
material for the preparation of polyurethanes. To this end, we obtain polyols of an adecuate molecular weight 
through the transesterification of the PHA polymer. We have been able to modulate the molecular wight of the 
resulting polyols through the control of time, temperature and catalyst. Finally, we have been able to produce 
and characterize PUs from these polyols. The resulting materials could be used for advanced applications while 
partially mitigating the stated enviromental challenges that PUs face. 
  
Keywords: bio-based polyurethanes, sustainability, polyhydroxyalcanoates. 
  
Acknowledgments/Agradecimientos 
The authors acknowledge the Spanish Ministry of Science, Innovation and Universities for the financial support 
(PID2023-147542OB-I00, CPP2023-010769) and Consejo Superior de Investigaciones Científicas for the project 
(202460E171). 
  
References/Referencias 
[1] Delavarde, A.; Savin, G.; Derkenne, P.; Boursier, M.; Morales-Cerrada, R.; Nottelet, B.; Pinaud, J.; Caillol, S. Sustainable 
Polyurethanes: Toward New Cutting-Edge Opportunities. Prog Polym Sci 2024, 151, 101805, 
doi:10.1016/j.progpolymsci.2024.101805. 
[2] Choi, S.Y.; Cho, I.J.; Lee, Y.; Kim, Y.; Kim, K.; Lee, S.Y. Microbial Polyhydroxyalkanoates and Nonnatural Polyesters. 
Advanced Materials 2020, 32, doi:10.1002/adma.201907138. 
  



 JIP 2025 Bilbao - Jóvenes Investigadores en Polímeros 
 

36 
 

 

M 2-6 Reshape of EoL Polyester Glass Fibre Composites 
  

M. Camacho-Iglesias1, L. Germán1, R. Seoane-Rivero2, A.Iturmendi1 
  

1Afiliación GAIKER Technology Centre, Basque Research and Technology Alliance (BRTA), Parque Tecnológico 
de Bizkaia, Edificio 202, 48170 Zamudio, Spain. 

2Sustainable Process Engineering Group, Department of Chemical and Environmental Engineering, University 
of the Basque Country (UPV/EHU), Bilbao 48013, Spain. 

There is an increasing demand for lightweight composite materials in sectors such as automotive, 
transportation and lightweight design in general. The rise of the circular economy, along with regulatory trends 
towards banning the disposal of these materials highlights the need for implementing R-strategies for such 
materials. Consequently, it is crucial to identify new technologies that encourage the circularity of composite 
materials and components while ensuring environmental sustainability and acceptable economic profitability. 
In this work new technology for remanufacturing and reusing glass fibre polyester composite components has 
been developed. This new technology uses pressure at high material deformation temperature to reshape 
curved components into flat parts through a press moulding process. 

 

Figure 1. a) Polyester (DCPD) DMA analysis, b) crosslinked resin samples before and after reshaping and c) image of flexural test of pure 
crosslinked resin. 

The moulding process allows transforming / the transformation of curved composites into flat parts without 
compromising the mechanical performance of GFC. Thus, the reshaped flat panels can be applied in different 
sectors such construction or transport. The study of the process involves the analysis of the viscoelastic 
behaviour of the crosslinked polyester resin by DMA (Dynamic Mechanical Analysis), as well as the effect of the 
temperature on the deformation capacity of both the crosslinked resin and the matrix reinforced with different 
glass fibre structures. 
The shape recovery process after reshaping is a key factor to study as it is part of the reshape yield, and it is 
strongly affected by cooling parameters after thermodeformation. 
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Catalytic Applications 

Alberto Llopis-Lacruz, Francisco F. Pérez-Pla, Mario Culebras-Rubio, Rafael Muñoz-Espí 

Institut de Ciència dels Materials (ICMUV), Universitat de València, Paterna, Spain 

Lignin, the second most abundant biopolymer on Earth after cellulose, is a complex, aromatic macromolecule 
that has long been undervalued as a byproduct of the paper and biofuel industries. However, its unique chemical 
structure and renewable origin make it an attractive candidate for high-value material development. In this study, 
we explore an innovative strategy for lignin valorization by converting sulfonated lignin into hybrid nanoparticles 
through an inverse miniemulsion process. These lignin-based nanostructures not only promote circular resource 
use but also support the sustainable development of functional materials with tailored physicochemical 
properties. 
The synthetic approach, partially adapted from a previously reported method by our group [1], involves the 
production of lignin-based hybrid nanoparticles incorporating magnetite, using a water-in-oil inverse 
miniemulsion method. The aqueous phase, which comprised sulfonated lignin, iron(II) chloride tetrahydrate, and 
iron(III) chloride hexahydrate, was emulsified into an organic phase containing polyglycerol polyricinoleate 
(PGPR) dissolved in a suitable non-polar solvent. High-shear ultrasonic homogenization was used to generate 
stable nanodroplets that encapsulated the iron salts and lignin. Upon addition of trimethylamine, magnetite 
formation was initiated by increasing the pH, while a diisocyanate cross-linker was simultaneously introduced 
to establish covalent linkages between lignin chains at the droplet interfaces. This dual-function reaction led to 
the formation of magnetite‒lignin hybrid nanoparticles with controlled morphology and integrated magnetic 
functionality. 
To demonstrate the potential of the prepared hybrid materials, we functionalized their surface with copper and 
assessed their performance in a model catalytic reaction: the reduction of 4-nitrophenol to 4-aminophenol. This 
transformation, relevant for both environmental remediation and pharmaceutical synthesis [2], was monitored 
via UV-Visible spectroscopy. Additionally, carbonization of the hybrid materials—either following or preceding 
copper reduction—was carried out to enhance surface reactivity. The carbonized systems exhibited superior 
catalytic activity, highlighting the potential of lignin-based nanomaterials for advanced applications in catalysis 
and environmental technology. 

Keywords: heterogeneous catalysis, lignin, nanoparticle, valorization, carbonization 
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Global accumulation of petroleum-based plastics has reached critical levels, persisting in ecosystems for 
centuries and posing serious microplastic pollution risks to terrestrial and marine life. In this context, 
biodegradable polymers have emerged as promising alternatives to address this challenge. Among these, 
poly(3-hydroxybutyrate) (PHB) stands out for its complete microbial degradation within a few months under 
natural conditions after its useful life [1-2]. However, its widespread use is limited by its intrinsic brittleness and 
crystallization kinetics, which poses significant challenges for industrial processing. 
Several approaches, such as the addition of nucleating agents, plasticizers or both, the blending of PHB with 
other polymers or the incorporation of suitable fillers, have been explored to overcome these limitations [3]. 
This work focuses on the effect of acetyl tributyl citrate (ATBC), used as a plasticizer, and of mesoporous silica 
particles, either neat or modified with ATBC, on the crystallization behaviour and mechanical properties of PHB. 
The materials studied were prepared by melt extrusion and included: (a) binary blends of PHB with different 
ATBC contents; (b) a binary composite of PHB with 5 wt% mesoporous silica particles; and (c) ternary systems 
in which the silica particles were functionalized with the same amounts of ATBC as in the binary blends. Films 
were then produced by compression moulding and cooled between water-cooled plates. The crystallization 
kinetics, thermal behaviour and mechanical performance of the resulting materials were analyzed in detail. 
Thermal stability of these materials was determined by thermogravimetric analysis. This technique was also 
employed to assess and to confirm the actual content of minor components in the different formulations. 
Calorimetric results showed that ATBC retards crystallization, an effect that becomes more pronounced as its 
concentration increases. In addition, the melting temperature decreases as the ATBC content increases. 
Mesoporous silica particles acted as nucleating agents, shifting the crystallization temperature to slightly higher 
values. In ternary composites containing hybrid ATBC functionalized silica particles, crystallization occurred 
slightly faster than in the binary composite, due to the interaction between the nucleating action of the silica 
and the plasticizing effect of ATBC. Preliminary mechanical tests indicated a significant reduction in 
microhardness with the incorporation of ATBC, especially when the silica particles were functionalized with the 
plasticizer. 
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The growing use of biopolymers derived from renewable sources has led to the Polylactic acid (PLA), one of the 
best regarded due to its good biodegradability, mechanical properties and processability, to be highly 
researched. However, its low ductility limits its usage in the film production for packaging applications[1]. 
Blending it with Poly(butylene succinate-co-adipate) (PBSA), an aliphatic biodegradable polymer with good 
ductility and processability, has been studied as a potential solution to this problem[2]. Nevertheless, the film 
blowing process was found to be unachievable for the 80/20 PLA/PBSA blend, one of the most promising 
compositions, possibily due to the low compatibility between the components and the poor melt strength of the 
system. To overcome these issues, the incorporation of two different additives was studied, either individually or 
simultaneously: Paraloid BPMS 265, a melt strength enhancer; and Glyplast OLA5028, a lactic acid oligomer that 
can act as a chain extender. The addition of either of the additives significantly improved the processability, and 
films with a nominal thickness of 30 μm were fabricated successfully. The incorporation of the melt strength 
enhancer led to an increase in the melt strength. Ductility was also improved; however, Young’s modulus and 
yield strength were negatively affected. In contrast, the addition of the oligomer caused an improvement of the 
melt strength and the Young’s modulus and yield strength, whereas ductility decreased. Their simultaneous 
addition produced heterogeneous results attributable to the individual contributions of each additive, such as a 
smaller increase in ductility. The addition of natural reinforcements, such as cellulose, to polymeric blends has 
been widely studied over the years[3]. In this work, cellulose was added to the aforementioned blends with the 
aim of balancing their mechanical properties, and improving their tear strength and barrier properties. A surface 
modification using sunflower oil was carried out to improve the compatibility and, hence, the dispersion of the 
cellullose in the blends[4]. 

Keywords PLA, PBSA, blown-film extrusion, structure-properties relationship 
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The widespread use of rubber in various industries, from automotive to consumer goods, has led to significant 
environmental concerns. Conventional rubber materials are typically derived from non-renewable petroleum-
based sources and are vulcanized through irreversible chemical processes, making them difficult to recycle or 
degrade. As a result, end-of-life rubber products often accumulate in landfills or are incinerated, contributing to 
pollution and greenhouse gas emissions. The lack of efficient recycling methods and the persistence of rubber 
waste in the environment underscore the urgent need for sustainable alternatives that combine performance 
with environmental responsibility. 
  
This work explores a novel approach to develop sustainable self-healing elastomers based on epoxidized natural 
rubber (ENR as the polymer matrix, using itaconic acid as a bio-based vulcanizing agent and a transesterification 
reaction promoter for self-healing. The focus is to achieve self-repairing properties to enhance environmental 
sustainability. 
  
Traditional vulcanization methods using sulfur and radical crosslinking using dicumyl peroxide (DCP) are 
compared with an alternative strategy based on bio-derived compounds. Sulfur, the industry standard, is used 
as a benchmark, while DCP is included for its fast-curing kinetics. Itaconic acid, a bio-derived diacid, offers a 
sustainable alternative for vulcanization while introducing the potential for self-healing through 
transesterification reactions using zinc acetate. 
  
The study details the synthesis process for the itaconic acid-based elastomers and investigates the impact of 
this approach on the material's mechanical properties, self-healing efficiency, and environmental footprint. A 
comparative analysis is presented, evaluating stress-strain behavior, healing response under mechanical 
damage, and other characterization techniques. 
  
This research aims to demonstrate the feasibility of using itaconic acid for both vulcanization and self-healing 
in elastomers. By replacing traditional curing agents with a bio-based alternative and introducing a self-repair 
mechanism, the research contributes to the development of sustainable and repairable elastomers with 
reduced environmental impact. The findings hold promise for the advancement of green materials science and 
the creation of high-performance, self-healing elastomers for various applications.  
  
Keywords: Rubber, Itaconic acid, Self-Healing. 
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The thermoplastic elastomers (TPEs) industry has grown significantly, becoming key materials in sectors such 
as automotive, footwear, biomedicine, and consumer goods. This exponential expansion has also led to a 
proportional increase in waste. Elastomeric materials are typically formulated with additives such as fillers, 
antidegradants, and processing oils, which limit their recyclability and hinder reuse. As a result, the 
development of recyclable and self-healing TPEs based on natural sources or bio-based ingredients has gained 
increasing attention, for their potential to reduce environmental impact without compromising performance. 
This work focuses on the development of sustainable TPEs using natural rubber-based elastomers and bio-
based fillers. The study begins with synthetic elastomers to assess the influence of processing methods. Then, 
a comparative analysis is carried out using three types of elastomers—polyisoprene rubber (IR), natural rubber 
(NR), and epoxidized natural rubber (ENR)—combined with polycaprolactone (PCL) as a biodegradable 
thermoplastic phase at different ratios. Cellulose and lignin, obtained from agricultural or forestry residues, are 
used as reinforcing agents to enhance the sustainability profile of the materials. This approach enables a 
systematic evaluation of how elastomer type, composition, and bio-based filler affect the structural and 
functional performance of the final materials.  
Preliminary results demonstrate promising self-healing capabilities alongside reprocessability. In particular, the 
ENR compounds with cellulose are capable of recovering 80% of the mechanical performance at low 
deformations and 60% at the breaking point. These findings contribute valuable insights into the design of 
recyclable rubber materials based on renewable components, advancing the development of more circular and 
sustainable materials. 
  
  
Keywords: Thermoplastic elastomers, Self-healing, Natural rubber, Bio-based fillers, Sustainability 
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Pharmaceuticals in water poses serious risks to ecosystems and human health. Among water treatment 
methods, adsorption offers a practical  and environmentally friendly solution for removing pollutants from 
wastewater[1]. Pectin, an anionic polysaccharide composed of α-(1→4)-linked D-galacturonic acid (Gal) and 
extracted from fruit peels, has shown great potential as a tunable adsorbent for emerging contaminants, 
particularly heavy metals. However, its use for organic compounds is less studied [2]. This work investigates the 
adsorption performance of different pharmaceuticals using pectin-based hydrogels crosslinked with calcium at 
different stoichiometric ratios 𝑅𝑅=[Ca2+]/[Gal]. Initially, the effect of crosslinking density on adsorption was 
examined, where the system with the lowest calcium content demonstrated the highest absorption capacity 
(Fig. 1a). Notable interactions with the pharmaceuticals are observed, with enhanced antibiotics adsorption 
(Fig. 1b). The highest adsorption capacity (dose: 1 g/L, pH 7) was observed for ciprofloxacin, with a removal 
efficiency of 90% and adsorption capacity of 45 mg/g. However, the hydrogel exhibited higher adsorption 
capacity, adsorbing over 110 mg/g through cumulative reuses. The hydrogel also revealed a rapid adsorption 
process best described by the pseudo-first-order (PFO) model (Fig. 1c), suggesting that the adsorption 
mechanism is predominantly driven by electrostatic interactions or physisorption. Additionally, the hydrogels 
allow for reuse through desorption (with contaminant recovery) and subsequent re-adsorption, where both 
processes maintained efficiencies above 80% after three consecutive cycles. Given the demonstrated 
performance, pectin-based hydrogels are promising, sustainable, and cost-effective adsorbents for water 
remediation applications. 

  
Figure 1: Adsorption capacity and removal efficiency of (a) three pharmaceuticals with the developed hydrogels, (b) several pharmaceuticals with R0.45 
system, and (c) kinetics of R0.45 fitted by the PFO model. All experiments were carried out using a dose of 1 g/L and a pH of 7. 
  
Keywords: Adsorption, Pectin, Pharmaceuticals, Water pollution 
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The global issue of plastic pollution and the lack of biodegradability and scarcity of petroleum sources have 
prompted worldwide research seeking biodegradable and renewable alternatives to fossil-based polymers for 
flexible packaging applications [1]. In this context, cashew gum, an agro-based, inexpensive, and biodegradable 
polysaccharide derived from Anacardium occidentale trees [2], emerges as a suitable candidate. This study 
focused on the development of electrospun nanofibers from cashew gum/polyvinyl alcohol blends, and 
different polymer ratios were considered. The obtained electrospun fiber mats were subsequently converted 
into thin, transparent, continuous, and flexible films through a thermal annealing post-treatment. The obtained 
films were characterized in terms of morphological, optical, thermal, mechanical, and water vapor and oxygen 
barrier properties. The films exhibited high optical clarity, transparency, and good thermal stability. Notably, they 
demonstrated exceptionally high oxygen barrier properties, comparable to those of conventional fossil-based, 
non-biodegradable plastics [3]. Oxygen barrier performance improved with increasing cashew gum content in 
the formulations, highlighting the role of this biopolymer in enhancing film functionality. Furthermore, 
outstanding elongation at break and remarkable flexibility were achieved. These results not only confirmed the 
great suitability of the electrospinning technique to produce cashew gum/polyvinyl alcohol-based materials, 
but they also positioned the obtained high oxygen barrier polysaccharide-based films as promising candidates 
in the sector of food packaging materials. 

 
Keywords: high barrier biopolymers, cashew gum, PVOH, electrospinning, food packaging 
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The massive production and accumulation of petroleum-based plastics represent one of the most pressing 
challenges to environmental sustainability, particularly in the food industry. To address this issue, the European 
SEAREFINERY project promotes a transition toward a blue bioeconomy by encouraging the comprehensive use 
of marine resources—including red, green, and brown algae as well as other aquatic by-products—for the 
development of functional and biodegradable green plastics. 

My doctoral research focuses on the sustainable extraction of biopolymers (such as alginate, chitosan, 
carrageenan, agar, among others) and bioactive compounds with antioxidant, antimicrobial, or functional 
properties from a wide variety of marine resources. To this end, both conventional methods and emerging 
extraction technologies are being employed, including ultrasound, microwave, and subcritical and supercritical 
fluids, with the aim of optimizing yield, energy efficiency, and functional quality of the extracts. 

These extracted materials are being used to formulate innovative packaging solutions such as edible coatings, 
active films, and biodegradable nanofibers. Initial tests have shown that coatings based on chitosan and natural 
bio-additives (carvacrol, curcumin, phenolic extracts) significantly extend the shelf life of fresh fruits. Moreover, 
films developed from modified biopolymers exhibit structural and functional improvements, as confirmed by 
FTIR spectroscopy. Future stages will include thermal, mechanical, and biodegradability tests. 

This line of research, with a strong interdisciplinary component, aims not only to create tangible solutions for the 
food industry but also to demonstrate the real potential of marine biopolymers as viable substitutes for 
petrochemical plastics. From a personal perspective, this project allows me to actively contribute to a more 
sustainable production model aligned with the principles of the circular bioeconomy, and it reaffirms the power 
of science to provide concrete alternatives to today's environmental challenges. 

 

Keywords: marine biopolymers, sustainable extraction, green plastics, blue economy, biodegradable 
packaging. 
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Soil bioremediation uses the metabolic activity of microorganisms to degrade environmental pollutants, offering 
a low-impact and cost-effective alternative to conventional remediation methods. However, its success is often 
limited by the bioavailability of essential nutrients and the survival of beneficial microbial communities in 
complex soil environments [1]. Encapsulation technologies present a promising route to overcome these 
limitations by enabling localized, sustained delivery of bioactive agents. Biopolymers are emerging as key 
materials in the development of sustainable functional systems for environmental applications [2]. In this work, 
we present the synthesis and characterization of microgel carriers based on natural polysaccharides, engineered 
for the encapsulation and controlled release of nutrients and microorganisms in soil bioremediation.  

Using alginate as the primary biopolymer (chosen for its polyelectrolytic behavior, gel-forming ability under mild 
ionic conditions, and environmental degradability), we developed two distinct encapsulation strategies: 
electrostatic dripping assisted by frequency and voltage modulation, and a custom-designed oil-in-water (O/W) 
microfluidic system. These techniques allowed precise control over microgel size, morphology, and 
encapsulation efficiency, demonstrating the tunability of natural polymer-based carriers through process 
engineering. The resulting hydrogel systems exhibited promising characteristics for use in soil environments, 
including water retention, diffusion control, and mechanical integrity. Our findings highlight how biopolymer 
structure and crosslinking conditions directly influence the functionality of encapsulation systems, reinforcing 
the role of polymer science in designing eco-friendly materials for environmental biotechnology. 

 
Figure 1. Microgel synthesis through electrostatic dispersion (left) and O/W microfluidic system (right). 
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Artificial turf sports fields are the most widely implemented surface in Europe, with over 16,000 installations and 
steady growth. However, they present significant environmental challenges due to their high reliance on virgin 
plastics and the release of microplastics. The recent EU Regulation (2023/2055) bans intentionally added 
microplastics, directly impacting the use of polymeric infill materials in artificial turf as of 2031. 
Currently, there are no commercially viable alternatives to the use of virgin plastics in sports surfaces such as 
artificial turf. However, recent studies [2] and European projects such as LIFET4C and Compolive have 
demonstrated the potential of biobased composites that combine recycled plastics with plant biomass 
(cellulose, lignin, etc.) as reinforcement or additive. In this scenario, the urgent need arises to develop alternative 
materials based on circular economy principles. This study presents the formulation and characterization of 
biobased compounds made from recycled low-density polyethylene (LDPE) named ALFATEN 200 and plant 
biomass (olive pruning and guayule), in 10% and 20% proportions, with and without additives (0.1% graphene 
oxide, GrOx). Compounds in pellet form have been produced through an extrusion process using a twin-screw 
extruder. Thermal, mechanical, and processability properties were analyzed. 
The results show that adding biomass significantly improves material stiffness (up to 281 MPa elastic modulus 
with 20% olive), with a proportional reduction in impact resistance (down to 15–16 kJ/m²). The GrOx additive 
helped partially recover that loss, reaching 48.2 kJ/m². The melt flow index increased up to 0.64 g/10 min, 
enhancing extrusion processing. Both rebound resilience and crystallinity slightly decreased but remained within 
functional ranges. 
The compounds were successfully processed into pellets and components (technical infill and elastic base 
layers). Performance testing following FIFA and UNE-EN 17435:2022 standards showed impact absorption above 
30% and a critical fall height (CFH) ≥ 0.6 m, validating their suitability as functional components in sustainable 
sports surfaces. 
  
Keywords: Recycled Poliethylene, Agroforestry Residues, Artificial Turf. 
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The growing environmental concerns linked to the intensive use of plant protection products (PPPs) and fossil-
based inputs have underscored the urgent need for sustainable and innovative strategies in agriculture.1 On the 
other hand, the pulp and paper industry produces millions of tons of lignin annually, a largely undervalued 
byproduct that is predominantly disposed of through combustion. Unlocking the potential of lignin through 
effective valorization pathways is therefore essential for fostering circular bioeconomy models. One of the most 
promising approaches is the use of lignin as a carrier material for the encapsulation of agrochemicals, which 
offers improved protection, enhanced stability, and controlled release of active compounds under 
environmentally stressful conditions.2 
In this work, kraft lignin was employed as a biodegradable matrix to encapsulate difenoconazole, a widely used 
broad-spectrum fungicide, through spray drying. The resulting microcapsules, evaluated by scanning electron 
microscopy (SEM) exhibited spherical morphology, while FTIR confirmed the chemical incorporation of 
difenoconazole into the lignin structure. The encapsulation efficiency was evaluated by thermogravimetric 
analysis (TGA) and liquid chromatography coupled with mass spectrometry (HPLC-MS) analyses reached and 
was nearly 100% as determined. Controlled release studies conducted at various pH levels using UV–Vis 
spectroscopy demonstrated a pH-dependent release profile, with enhanced diffusion under alkaline conditions.  
The results obtained in this study confirm the potential of lignin as a renewable and functional encapsulating 
agent for controlled-release agrochemical formulations, offering a dual benefit: improving crop protection 
efficiency while valorizing an abundant industrial byproduct. 
  
Keywords: Lignin, encapsulation, biopolymer, valorization. 
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During the synthesis of polymer latexes by emulsion polymerization, stability of the polymer particles is desired 
avoiding coagulation during the polymerization process. However, once the polymer latex is synthesized, its 
control coagulation is needed to obtain polymer powders for certain applications such as additive 
manufacturing or impact modifiers. These powder materials can be used to create complex shapes in different 
fields, such as automotive, aerospace, medical biology and so on. [1] 
In the coagulation experiments, the measurement of the particle size (dp) and observation of the morphology 
entails off-line time-consuming measurement techniques. Apart from this, to have a track of the dp during the 
coagulation experiment manual samples must be taken. This implies a less accurate measurement, as the 
particle size of the sample continues growing and the dp is no longer accurate for the time of sampling. To avoid 
that, in this work an in-line particle size measurement technique, the Photon Density Wave spectroscopy 
(PDWS) has been introduced to measure the dp during the physical-chemical coagulation experiment. By 
introducing a probe directly into the process reaction medium, the fibres inside each cannula will work as 
emission/detection points at different frequencies, making possible to obtain the dp after software calculations. 
[2] 
In this work, the coagulation of polymethyl methacrylate (PMMA) has been performed using sodium chloride 
and calcium chloride. The effect of different salts and concentration, different temperatures and different salt 
addition speeds have been studied during the coagulation experiment. Thanks to the PDWS, it is possible to 
detect at which salt concentration the coagulation starts, which is helpful for a further understanding of the 
coagulation parameters and to reduce the amount of coagulant needed. 
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This work analyzed the self-nucleation of three different alternating polythioether homopolymers, DMDS-alt-
DVE, DMDS-alt-TEGDVE and DMDS-alt-BBDVE. These materials’ structure consists of the same sulphur-
containing part and differ in the ether functionality (see Figure 1). Previous work1,2 studied how the chemical 
structure affected the morphology and crystallization kinetics of these polythioethers and showed that these 
materials are polymorphic. Depending on the cooling and heating rates, up to three different polymorphs were 
discovered for each polythioether, the very low-temperature melting phase (VL-Tm), the low-temperature 
melting phase (L-Tm) and the high-temperature melting phase (H-Tm). This work studies the melt  memory and 
how it is affected by polymorphism via self-nucleation experiments performed by Differential Scanning 
Calorimetry (DSC) and Polarized Light Optical Microscopy (PLOM). Figure 1 shows the self-nucleation Domains 
for each of the polymers. DSC experiments showed that self-nuclei could be formed from a particular 
polymorph, but they promote the crystallization of a different, more thermodynamically stable polymorph. 

 
Figure 1. Chemical structure and self-nucleation Domains on top of non-isothermal standard DSC heating scan for: A) DMDS-alt-DVE, B) DMDS-
alt-TEGDVE and C) DMDS-alt-BDDVE. 
  
Keywords: self-nucleation, self-seeding, polymorphism, polythioether. 
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X 1-3  Biopoliésteres hiperramificados funcionalizados como aditivos 
sostenibles en formulaciones de PHA 

I. Pisa-Ripoll1*, E. Sánchez-Safont1, B. Altava1, J. Gámez-Pérez1, L. Cabedo1 

1Universitat Jaume I, Castellón de la Plana, España 

Los biopoliésteres representan una alternativa sostenible a los polímeros convencionales debido a su 
biodegradabilidad, pero su aplicación industrial aún enfrenta limitaciones, particularmente en el caso de los 
polihidroxialcanoatos (PHA), cuya baja tenacidad restringe su uso. Para superar estos desafíos, una estrategia 
eficaz es el uso de aditivos que mejoren sus propiedades mecánicas sin comprometer el carácter 
biodegradable.  

En este contexto, los polímeros dendríticos, y en particular, los polímeros hiperramificados (HP) destacan por 
su arquitectura altamente ramificada, alta densidad funcional y facilidad de síntesis, lo que les convierte en 
candidatos ideales como aditivos [1]. Este trabajo se centra en la síntesis, funcionalización y uso de 
biopoliésteres hiperramificados (HBBPE, Hyperbranched Biopolyesters) como aditivos biodegradables, 
soportados sobre celulosa microcristalina (MCC) y otras plataformas naturales [2], con el objetivo de mejorar 
la tenacidad de los PHA manteniendo su sostenibilidad y biodegradabilidad.  

Los HBBPE se sintetizaron mediante la reacción de ácido 2,2-bis(hidroximetil)propiónico con MCC en presencia 
de ácido p-toluenosulfónico (p-TSA), seguida de funcionalización que permitió introducir cadenas lineales con 
grupos hidroxilo terminales provenientes de la caprolactona. La caracterización mediante FTIR, RMN, DSC y 
TGA confirmó la obtención y modificación estructural de los polímeros, así como la incorporación de 
caprolactona, con una mayor proporción de polímero lineal respecto a ramificado. Los compuestos obtenidos 
mostraron tener un efecto positivo en la mejora de la tenacidad del PHBV, evidenciada por la aparición de rotura 
post-cedencia y una mayor deformación plástica, además de una ligera reducción en su cristalinidad, sin 
comprometer su biodegradabilidad.  
  
Este planteamiento presenta una solución innovadora y sostenible para superar las limitaciones mecánicas de 
los biopoliésteres convencionales, en particular su procesabilidad, y ampliando así su potencial uso en 
aplicaciones técnicas.  
  
Palabras clave: polímeros hiperramificados, celulosa, tenacidad.  

Agradecimientos 

Trabajo financiado por MCIN/ AEI /10.13039/501100011033/ y por FEDER Una manera de hacer Europa, proyecto 
número PID2021-128749OB-C32 y a la Cátedra UBE de Plásticos Sostenibles, proyecto número DESID/PR422-
D21I63301215454711. 
 
Referencias 

[1] Han, X.; Han, Y.; Jin, Y.; Wang, Z.; Tian, H.; Huang. J.; et al. Microcrystalline cellulose grafted hyperbranched polyester for 
PHBV/bio-based elastomer composites. Int. J. Biol. Macromol. 2023, 242. 
[2] Piroonpan, T.; Booncharoen, K.; Pasanphan, W. Sugar-Core Synthesized Multibranched Polylactic Acid and Its Diacrylate 
Blends as a UV LED-Curable Coating with Enhanced Toughness and Performance. ACS Sustainable Chem. Eng. 2022, 10, 
17027-17042. 
  



Inspira, investiga, innova: polímeros que transforman el futuro 

 
51 

 

 

X 1-4 Amphiphilic cyclic branched polyglycerols: synthesis and evaluation as 
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The polymerization of glycidol (Gly) using tris(pentafluorophenyl)borane [B(C6F5)3] as a catalyst is a well-studied 
process that yields branched cyclic structures (bcPG) on the gram scale [1,2]. However, the polymerization of 
cyclohexene oxide (CHO) with this catalyst has not been studied. Herein, we present our recent work on the 
homopolymerization of CHO and copolymerization of CHO with Gly. Copolymers with different CHO:Gly ratios 
were synthesized. The kinetic studies performed by in situ NMR showed identical polymerization rates of both 
comonomers confirming the formation of statistical copolymers. MALDI-TOF mass spectra of the p(CHO-st-
Gly)90-10 and p(CHO-st-Gly)10-90 copolymers showed the exclusive formation of cyclic structures, while the PCHO 
homopolymer exhibited cyclic and other architectures. These results are consistent with a zwitterionic ring-
expansion polymerization mechanism [3]. The Tg variation with copolymer composition showed a good 
agreement with the Fox equation and a Tg range from 321 K (PCHO) to 261 K (bcPG). P(CHO-st-Gly)90-10 was further 
hyperbranched with Gly starting from the hydroxyl groups present in the copolymer. This hyperbranching reaction 
yielded an amphiphilic hyperbranched copolymer (hbPG-g-p(CHO-st-Gly)90-10) with a predominantly 
hydrophobic core surrounded by hydrophilic PG branches, conferring water solubility. These structures were 
evaluated for their ability to load hydrophobic drugs (e.g. curcumin), evaluating the encapsulation kinetics and 
drug release in physiologically relevant conditions. Potential applications as a drug carrier can be attributed to 
these amphiphilic branched cyclic structures, where the cyclic core seems to play a key role when compared to 
other analogous structures. 

 
Figure 1: Schematic representation of the synthesis of amphiphilic copolymers and further hyperbranching reaction and drug loading. 
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Acrylic resins play a huge role in protective coatings on metal substrates in techonological applications such as 
automobile and construction industries due to their color retention, chemical resistance and adhesion. 
However, there are technical limitations related to their mechanical properties and wear resistance that hinder 
their further application [1]. Recent strategies to overcome these restrictions focus on the use of wood fibers, 
vegetable oils and other sustainable substances to enhance their response [2].  
In this work, three bio-based acrylic and methacrylic resins modified with acrylated epoxidized soybean oil were 
formulated as potential alternatives for conventional thermosets as protective coatings on mild steel. The 
coatings were evaluated in terms of thickness, surface roughness and adhesion. The wear resistance of the 
samples was evaluated by means of progressive load single scratch tests and multiscratch tests, analyzing the 
wear track via profilometry and scanning electron microscopy. The increasing content of vegetable oil induced 
a more ductile response, reducing the wear rate in all scenarios. 
Pin-on-disk linear reciprocating tests against AISI 316L balls were performed for a more practical approach on 
their response, lubricating the contact with the protic ionic liquid 2-hydroxyethylammonium lactacte (ML) and 
its dispersion with 1 wt.% graphene (MLG) for an improved tribological performance. The results were compared 
with a previous work with conventional epoxy resins [3], showing improved compatibility with the lubricants with 
reductions in the coefficient of friction above 91 % and the absence of surface damage. 
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Plasma-assisted polymerization techniques are paying increasing attention due to its green nature, low-time 
consumption and versatility. Although radical polymerization is initiated due to the interaction between the 
plasma gas species and the precursor, the complete understanding of the polymerization mechanism remains 
to be very specific due the presence of fragmentation/recombination phenomena. Such competing process, 
which can be controlled through the plasma set up and conditions, strongly affects the final structure of the 
polymers, and thus, its resulting properties. In this work we report an atmospheric-pressure-jet plasma-assisted 
process capable of polymerizing 3,4-ethylene dioxythiophene (PEDOT) showing customized electrical 
properties. To elucidate the polymerization mechanism and optimize the plasma conditions, special attention 
has been put on the kinetics and the characterization of intermediates, including radical species and presence 
of different EDOT oligomers showing different colors and oxidation states. To do so, Raman microscopy, 1HNMR 
and 13CNMR techniques have been combined with electrochemical characterization (e.g. cyclic voltammetry; 
CV). Interestingly, PEDOT with excellent electrical properties can be produced without the need of incorporating 
any doping agent or counter-ion (i.e. only the monomer or the monomer dissolved in acetonitrile) a relevant and 
distinctive feature as compared to electro-polymerization processes. Herein, we compare the electric 
performance of different plasma-polymerized PEDOT. Although the electrical properties change depending on 
the conditions, all samples are found in the range of the same electrical response than the reference (i.e. electro-
polymerized PEDOT with lithium perchlorate), thus demonstrating the feasibility of the process reported. Finally, 
we have explored the possibility to produce thin-films with controlled thickness and/or discrete patterns 
(scanning electron microscopy analyses), further highlighting the advantages of the process reported. 
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Properties. 
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Understanding and quantifying the separate roles of chemical cross-links and physical entanglements in filled 
elastomers is key for tuning their macroscopic performance. In this work, we apply Heinrich’s theoretical model 
for the uniaxial stress [1]: 
Where Gc is the cross-link modulus and Ge the entanglement contribution, δ2 is the finite extensibility parameter, 
β considers the constraint release of the entanglements and will be fixed to 1 in this work. Finally, ωd comprises 
the non-elastically active fraction of material measured by Multiple Quantum NMR experiments (MQ-NMR). 
Additionally, Heinrich’s model considers amplification (asad) and the effect of the interphase between the filler 
surface and the polymer matrix in the crosslink modulus as follows: 
Where φ is the volumetric fraction of fillers, Gc

n is the modulus due to chemical crosslinks and νf denotes the 
filler-rubber interactions, i.e., the interphase between the polymer matrix and the fillers. It is impractical trying to 
obtain all those parameters only from tensile test, so we use MQ-NMR experiments to determine Gc

n . To tie 
molecular structure and macroscopic response, we invoke an order parameter m: 
Where Dres is the main observable of MQ-NMR experiments, Dstat/k and α are known constants and m is the order 
parameter from Lang and Sommer model. 
Thus, m provides a direct link between tensile measurements and segmental mobility measured by MQ-NMR. 
Remarkably, cross-link densities inferred from MQ-NMR and tensile data yield trends nearly identical to those 
obtained from the Payne-effect analysis. 
Experiments were conducted on a natural-rubber under five reinforcing schemes: (i) unfilled; (ii) silica itself (iii) 
silica with monofunctional silane (grafted only to silica); (iv) silica with bifunctional silane (grafted to both silica 
and rubber); and (v) silane alone [2]. Compounds were mixed in two stages: first, in an internal mixer at 145 °C 
for 10 min (rubber + ZnO/stearic acid + silica/silane) to complete silanization; then sheeted on a two-roll mill with 
curing agents (CBS, DPG, S₈) [3].  
RPA strain sweeps (with precycles) quantified the Payne effect; uniaxial tensile tests at 10 mm/min (after three 
500 mm/min precycles) yielded m; and low-field NMR provided Dres. Fitting the Heinrich model and tensile/NMR 
relations produced complementary measurement of Gc and Ge, all in excellent agreement with the RPA results. 
This dual: RPA – tensile & NMR methodology has been previously applied in our group to commercial and 
recovered carbon-black systems, demonstrating its broad applicability for dissecting filler–rubber interactions 
[4]. 
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X 2-2 Thermodynamic parameters of P3HT based on Flory´s relation 
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Regioregular poly(3-hexylthiophene) (P3HT) is one of the most studied polymers for organic solar cells (OSCs) 
due to its optoelectronic properties. The correlation between the performance of devices based on P3HT and the 
cristallinity degree highlights the need to find correct and up to date values of the thermodynamic parameters of 
P3HT [1]. The aforementioned necessity for these values has resulted in countless studies of the thermodynamic 
behaviour of P3HT and similar polymers. Different methods have been tried, ranging from the extrapolation of 
the equilibrium melting enthalpy from degree of crystallinity values obtained by Wide Angle X-Ray Scattering 
(WAXS)/Small Angle X-Ray Scattering (SAXS) experiments and Differential Scanning Calorimetry (DSC) data [2] 
to the use of Succesive Self-Nucleation and Annealing (SSA) experiments on DSC combined with 13C NMR to 
provide a better insight of the influence of crystal size [3]. In the present work, we studied the effect of [6,6]-
phenyl-C61-butyric acid methyl ester (PCBM) concentration on the crystallization behavior of P3HT by 
isothermal experiments performed in DSC. While this type of blend has been previously studied for P3HT [4], the 
use of PCBM as the diluent has not been reported before. The PCBM acts as a molecular diluent to P3HT 
according to the expectation of Flory-Huggins theory for polymer-diluent mixtures. By fitting our results to this 
theory, the value of equilibrium melting enthalpy (ΔH0) was found (65 J/g). The equilibrium melting temperature 
(Tm0) values used in this equation were calculated by the Hoffman-Weeks extrapolation, and we obtained a 
value for neat P3HT of 257.8 ºC. 
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Conventional polyurethanes (PUs) are versatile thermoset polymers extensively used across various sectors and 
applications. However, their synthesis involves the use of isocyanates, which are highly toxic and pose significant 
health and environmental risks. At the same time, the production of isocyanates requires the use of highly 
hazardous phosgene, demanding highly safety requiriments. Raising global awareness of environmental 
protection, safety and health of workers and consumers has driven the demand for more eco-friendly products. 
This has led to research into non-isocyanate polyurethane (NIPU) synthesis as a promising alternative.1 NIPUs 
are a type of PU that are produced without using of isocyanates. Similar to their conventional polyurethane 
counterparts, NIPUs offer promising applications across various fields, including coatings, adhesives, foams, 
elastomers, and biomedical purposes.   
This work aims to explore the potential of NIPUs in creating new materials similar to conventional PUs. The 
synthesis of NIPUs involves a two-step process: first, the synthesis of bicyclic carbonate monomers through a 
transesterification reaction, and second, the reaction of these monomers with amines via aminolysis to produce 
NIPUs. Initially, efforts were focused on the synthesis and characterization of a bicyclic carbonate, diglycerol 
dicarbonate (DGDC),2 and determining how to utilize it to develop a new material based on NIPU. In the second 
step, the focus was on studying how these synthesized cyclic carbonates could be used to create final NIPUs 
and determine their potential application. It was seen that these monomers were used to fabricate self-blown 
NIPU foams.3 Different amines, catalyst and blowing agents were studied alongside DGDC in order to understand 
the material, assess their reactivity, optimize the foam production process, and continue the investigation of 
these new materials.  
The absence of isocyanates in PU synthesis process reduces significantly the environmental and health risks. 
NIPU foams synthesis offers enormous potential for producing the next generation of greener PU foams, although 
the mechanisms present challenges that require further study. This advancement paves the way for more 
sustainable and versatile materials, promising a future where environmentally friendly PUs become the standard 
in various industries.  
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Poly(3-hexylthiophene) (P3HT) is a widely used semiconducting polymer in optoelectronic applications, for 
which solid-state processing represents a more sustainable and solvent-free alternative to conventional 
solution-based fabrication methods [1].  
  
In this work, P3HT films were prepared by solid-state thermal processing, starting from the polymer in the form 
of fibers and without employing solvents in any stage. The influence of temperature, pressure and pressing time 
on the morphological and structural quality of the films obtained is explored [2,3]. Their thermal and structural 
behaviour was studied by differential scanning colorimetry (DSC), observing variations in the degree of 
crystallinity and in the thermal profile according to the processing conditions when compared to the non-
processed polymer fibers.  
  
The impact of processing conditions on the thermal and oxidative stability of P3HT is also investigated, with the 
aim of preserving its functionality in solid-state applications. Ongoing permeability measurements will help 
assess its potential integration into devices requiring barrier properties, such as organic solar cells, where P3HT 
is known to degrade under humid, oxygen-rich conditions [4]. 
  
This approach provides a cleaner and potentially scalable processing route for P3HT, and provides fundamental 
information on the stability and molecular organization of the polymer after solid-state processing. 
  
  
Keywords: P3HT, semiconducting polymers, permeability, solid state processing 
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Current controlled radical photopolymerization methods typically rely on organometallic photocatalysts. While 
effective, these systems often present challenges such as toxicity, high cost, and limited sustainability. 
Therefore, transitioning to metal-free photocatalytic systems is an enticing alternative that is receiving increased 
attention. Boron has demonstrated an excellent ability to generate radicals, a characteristic extensively utilized 
in organic synthesis1 or as photoinitiators in free-radical polymerization (FRP).2 However, their use in controlled 
radical photopolymerization, particularly in photo-based reversible addition fragmentation chain transfer 
(photo-RAFT) polymerization, requires further development.Importantly, while boron-sulfur bonds have shown 
lability under UV light,3 there is a distinct lack of research on the potential of related boron-based systems under 
visible light, which would allow for more energy-efficient processes. Additionally, previous attempts to utilize 
boron-centered catalysts have employed coordinatively saturated species,4 which fail to exploit the dynamic 
hybridization nature of boron (sp3 and sp2) to its fullest potential. Moreover, RAFT agents are still used separately 
in these systems, leading to bimolecular (or trimolecular when an external cromophore is needed) processes 
and slower polymerization kinetics. 

In this work, we propose the design of an unprecedented family of boron-centered photocatalysts that absorb 
under visible light. These catalysts contain the chain transfer agent (CTA) directly bonded to the boron atom, thus 
creating a truly unimolecular system. This innovation promises to enhance polymerization kinetics and provide 
better control over the polymerization process, making use of the dynamicity of the boron hybridization nature 
to close the catalytic cycle. As a first step toward this ambitious goal, we report preliminary results using a 
commercially available reagent, Boron Subphtalocyanine Chloride (BSubPhCl) that mimics our proposed boron-
based photocatalysts, setting the stage for the development of more efficient and sustainable photocatalytic 
systems for controlled radical photopolymerization. 

Keywords: Controlled photopolymerization, organoboron photocatalyst, boron hybridization, photoRAFT, 
Boron Subphtalocyanine Chloride 
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In recent decades, silicates have gained attention due to their unique physicochemical properties, founding new 
roles in composite and nanocomposite materials, extending to the nanoscale [1]. In the lubricant industry, rising 
concerns over pollution and increasingly stringent regulations have positioned phyllosilicates and silica as 
strong alternatives to traditional additives. Their outstanding lubricating properties help enhance energy 
efficiency and extend the lifespan of machinery. In the case of semi-solid lubricants, such as lubricating greases, 
biopolymer-based nanocomposites and ceramic materials can play a crucial role. However, compatibility 
challenges their feasibility, for which electrospinning has recently emerged as a promising technique, allowing a 
controlled structuring of the oil and the dispersion of the nanocomposites within the oil matrix [2]. 

In the present study, eco-friendly oleo-dispersion formulations were optimized by carefully selecting and 
balancing key ingredients: nanoclays or types of SiO₂ NPs, cellulose-derived biopolymers, and oils of diverse 
viscosities and origins. The rheological and tribological properties of these oleo-dispersions, along with the 
morphology of the produced nanocomposites were thoroughly investigated and correlated. 

In conclusion, electrospun nanostructures produced from clay solutions showed a predominance of nanofibers, 
which results in oleo-dispersions with increased viscoelastic moduli, as well as better tribological performance 
than those composed of silica. Furthermore, oleo-dispersions prepared with hydrophobically modified silica 
nanocomposites exhibited higher viscoelastic moduli than those composed with hydrophilic silica even though 
nanocomposites presented similar nanoarchitectures. Overall, the rheological and tribological performance is 
influenced by the kind of clay or silica employed to produce the nanocomposite. In relation to the biopolymer 
used, higher molecular weight led to greater moduli for oleo-dispersions formed from similar nanoarchitectures. 
Considering the influence of oils, homogeneous dispersions were achieved when the oils had a viscosity of at 
least 3.5 Pa*s, regardless of their origin. Among all the oils studied, the highest viscoelastic function values were 
observed when combined with the nanocomposite formulated with clay. Furthermore, all processed oleo-
dispersions present a tribological behaviour similar to that of traditional lubricating greases, emerging as 
sustainable semi-solid lubricant solutions. 

Keywords: biopolymer, silica, clay, electrospinning, lubricating greases, rheology. 
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The adaptability and responsiveness of hydrogels for regenerative medicine is significantly enhanced through 
dynamic covalent chemistry. This powerful tool allows for the incorporation of reversible bonds, such as thiol-
disulfide exchange reactions into covalent networks. Consequently, these dynamic hydrogels, can selectively 
reform their networks in response to specific conditions.[1] The mechanical stability and responsiveness to 
external stimuli provided by the dynamic covalent bonds make them very promising materials with self-healing 
properties, injectability, and suitability for additive manufacturing.[2] 

This study investigates the dynamic response of hydrogels formulated with thiol-functionalized hyaluronic acid 
and 4-arm-PEG with coordination dynamism given by metals. Our aim is to understand how tuning the metal 
coordination affects the properties of these hydrogels, with the ultimate goal of optimizing their performance for 
3D printing applications. The characterization revealed that the hydrogel network, while exhibiting good 
macroscopic mechanical stability at rest, transitions to a liquid-like state under strain, thus improving its 
deformability and printability. The rheological response depends on the type of mechanism that governs, either 
covalent dynamic network or coordinative dynamism interactions. 

The soft-solid characteristics and the self-healing behaviour of the network were confirmed through large 
amplitude oscillatory shear measurements. Furthermore, superposition experiments, combining steady and 
oscillatory shear, allowed for the detection and quantification of flow-induced acceleration of the network's 
relaxation modes. 

Keywords: 3D printing, rheology, dynamic hydrogel. 
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Los hidrogeles granulares están demostrando ser una opción prometedora en la impresión 3D por extrusión 
debido a sus excepcionales propiedades fisicoquímicas. Formados por microgeles organizados de manera 
compacta, estos materiales permiten una extrusión precisa y controlada, además de tener una gran capacidad 
para recuperar su estructura, lo que es esencial para asegurar que las impresiones 3D no se deformen y 
conserven su forma durante el proceso [1]. Muchos de estos hidrogeles están basados en polímeros de origen 
natural, como polisacáridos y proteínas, que actúan como tintas biomateriales, abriendo nuevas posibilidades 
en el campo de la biomedicina [2]. Dado que la mayoría de tintas biomateriales a base de hidrogeles son geles 
físicos, nuestro desafío en este trabajo fue desarrollar tintas biomateriales a base de hidrogeles químicos, 
debido a que suelen presentar mejores propiedades mecánicas. En este estudio, proponemos un enfoque 
innovador basado en la impresión por extrusión 3D de hidrogeles reticulados químicamente obtenidos a partir 
de polímeros naturales con el objetivo de aumentar las propiedades mecánicas y de estabilidad de los 
hidrogeles resultantes[3]. Para ello, se modificaron químicamente pectina de alto grado de metoxilación (HM) y 
ácido hialurónico con Bis (3-aminopropil) amina (APA)[4], introduciendo grupos amina con el objetivo de formar 
hidrogeles al ser reticulados con genipina a diferentes concentraciones molares. La elección de la pectina no 
solo responde a su capacidad gelificante, sino también a su origen vegetal, económico y sostenible, al tratarse 
de un polisacárido ampliamente disponible y derivado de residuos agroindustriales como cáscaras de frutas, 
haciendo que el material sea más sostenible y accesible. Posteriormente se realizaron tintas biomateriales a 
través de la dispersión de estos geles granulados en una solución de polímero pre-entrecruzada, permitiendo la 
fabricación de andamios poliméricos mediante impresión 3D por extrusión con alta estabilidad hidrolítica y 
respuesta al pH. Finalmente, se evaluó la citotoxicidad in vitro de los materiales selecionados acorde la norma 
ISO 10993-5 comprobandose su biocompatibilidad. 

Palabras clave: hidrogeles granulares, polisacárido, pectina, tintas biomateriales, impresión 3D por extrusión. 
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Poly(butylene succinate) (PBS) is a significant biodegradable polymer; however, its high crystallinity (Xc) creates 
hurdles for 3D printing, leading to prevalent issues like warping and deformation, common complications when 
working with semicrystalline materials. In this study, we formulated ternary blends of biodegradable polyesters 
by combining PBS with poly (butylene adipate-co-terephthalate) (PBAT) and poly (L-lactide) (PLLA) in various 
ratios to improve printability. We thoroughly evaluated the blends’ properties before and after printing, 
employing advanced methods such as differential scanning calorimetry, polarized light microscopy, scanning 
electron microscopy, synchrotron radiation X-rays, and rheological and mechanical analysis. Our results 
indicated that these blends could be effectively printed, even with a significant PBS proportion, exhibiting 
warping and deformation levels comparable to or less than PLA, a commonly used printable material. The 
qualities of the blends varied based on their morphology and composition, leading to the development of 
printable PBS-based blends with a range of characteristics. This research lays the groundwork for promising 
advancements in the 3D printing of semicrystalline biodegradable polyester blends. 
 

 
 

Figure 1: DSC first heating scans (at 20 ºC/min), PLOM micrograph showing the blend morphology, and 3D printed part prepared with PLA, PBAT, and 
PBS ternary blend. 

Keywords: 3D Printing, FDM, PBS. 
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Carbon fiber reinforced polymers (CFRPs) play a pivotal role in industries requiring lightweight and high-
strength materials, including aerospace, automotive, and renewable energy. Although polyacrylonitrile (PAN)-
based carbon fibers dominate the market due to their superior properties, traditional production methods 
involve extremely high energy consumption, mainly during the carbonization stage at temperatures exceeding 
1000 °C. Recently, microwave (MW) heating has emerged as a sustainable alternative, offering benefits such as 
energy efficiency and lower environmental impact. However, the inherently low dielectric properties of PAN 
fibres limit their ability to absorb microwave energy directly, necessitating innovative strategies to facilitate 
their conversion to carbon fiber (CF) via microwave heating.1 To overcome this challenge, this work focuses on 
the use of carbon nanotube (CNT) coatings to enhance the microwave responsiveness of PAN fibers. By 
employing a layer-by-layer (LBL) deposition technique, multi-walled carbon nanotube (MWCNT) suspensions 
were applied to create uniform, conductive layers on the fiber surfaces. The impact of multiple coating cycles 
and fiber surface pre-treatments, including plasma and corona activation, was examined to optimize coating 
adhesion, dispersion, and overall performance. 
  
Scanning electron microscopy (SEM) and Raman spectroscopy, among other characterization techniques, were 
utilized to assess coating quality, morphology, and distribution of the nanostructures. The preliminary results 
suggest that both the number of coating cycles and the surface treatment methods are crucial for achieving 
stable and uniform coatings. Plasma and corona treatments improved the distribution of the nanostructures on 
the fiber surface. 
  
  
Keywords: Polyacrylonitrile (PAN) fibres, Multi-Walled Carbon Nanotubes (MWCNT) surface coating, carbon 
fiber production, microwave-assisted carbonization 
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El proceso de infusión de resina asistida por vacío (VARI) es una técnica económica y versátil, ampliamente 
utilizada en la industria para la fabricación de materiales compuestos estructurales de altas prestaciones con 
una alta fracción en volumen de fibra. Este proceso consiste en la impregnación de las fibras con una resina de 
baja viscosidad, generalmente termoestable, dentro de un molde bajo vacio. La dificultad de reciclar los 
materiales compuestos con resina termoestable, ha impulsado en los últimos años, la búsqueda de 
alternativas más sostenibles, como las resinas termoplásticas. Entre ellas, destacan las resinas termoplásticas 
reactivas de baja viscosidad, basadas en mezclas de monómeros u oligómeros que polimerizan en presencia 
de un iniciador. Su principal ventaja es que se pueden procesar con las mismas técnicas empleadas para las 
resinas termoestables [1]. 
  
Este trabajo describe la optimización del proceso de infusión de una resina termoplástica acrílica, Akelite, 
patentada por el grupo de Compuestos Poliméricos del CSIC [2]. El análisis se centró en variables de proceso, 
como el nivel de vacío, y variables de polimerización, como la temperatura y el porcentaje de catalizador. 
Además, se monitorizó en tiempo real la reacción de polimerización mediante análisis dieléctrico, con el fin de 
optimizar los tiempos del proceso. Se fabricaron laminados de cuatro capas de fibra de carbono UD 12K con un 
gramaje de 340 g/m² y un espesor de 45 μm mediante VARI utilizando un molde plano calefactado. Los 
laminados se evaluaron mediante ensayos de tracción, flexión en tres puntos y cizallamiento interlaminar (ILSS) 
(Tabla), comparando los resultados con los obtenidos con una resina epoxi comercial. Se desarrolló un método 
sencillo y escalable, por inmersión del laminado en un disolvente común, que permite recuperar la fibra y la 
resina en óptimas condiciones. Finalmente, se fabricó un laminado con material completamente reciclado con 
propiedades mecánicas similares a las del original. 

Tabla. Propiedades mecánicas de los test realizados a los laminados con resina Akelite y Epoxy. 
Test Akelite Epoxy 

Flexión Longitudinal Transversal Longitudinal Transversal 
σ (MPa) 980 ± 40 78 ± 4 957 ± 67 90 ± 5 
E (GPa) 55 ± 6 5.1 ± 0.5 59 ± 7 6.6 ± 0.8 

ILSS (MPa) 59 ± 6 50 ± 3 
  
Palabras clave: VARI; material compuesto; sostenibilidad 
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Research on biopolymers has gained significant attention in recent years due to their potential to address several 
pressing environmental challenges. Unlike commonly used conventional petroleum-based plastics, some 
biopolymers are biobased and biodegradable, making them more sustainable alternatives for single-use 
applications. However, finding a single biopolymer featuring a good balance of processability and properties is 
challenging. In this scenario, blending different biopolymers, such as polylactic acid (PLA) and polybutylene 
succinate-co-adipate (PBSA), has proven to be a straightforward approach to develop a new family of 
biopolymers displaying a combination of desirable properties [1]. Nonetheless, as is the case of conventional 
polymer blends, PLA and PBSA are immiscible, and hence, a good microstructure control is essential to 
achieving optimal performance [2]. A particularly interesting strategy involves engineering these blends into 
microfibrillar composites (MFCs) where one polymer forms reinforcing microfibrils within the matrix. This 
morphology can significantly enhance mechanical performance [3]. 

Hence, this research focuses on the development of in situ MFCs based on PBSA/PLA blends. First, a rheological 
approach was used as a predictive tool for PLA microfibril formation under specific operating conditions, in order 
to select the most suitable commercial PLA grade and processing conditions for PBSA/PLA MFCs manufacturing. 
Then, MFCs were processed using two different methods: (1) cold drawing and (2) hot stretching. In each case, 
the processing conditions (temperature and draw-ratio) were optimized to induce PLA microfibril formation and 
the effect of the developed microstructure on the mechanical, thermal, and barrier properties was assessed. 

Keywords: Microfibrillar reinforced composites, PLA, PBSA 
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The expansion of FDM (fusion deposition modeling) 3D-printing in electronics requires the development of novel 
materials with certain electrical properties and suitable processability for applications in electronics and 
sensing. Moreover, it is essential the transition to bio-based polymers and composites to reduce the 
dependence on fossil-derived materials.  
Within this work, novel FDM-printable composites were developed by a combination of solvent-casting and 
melt-mixing method, using PLA as a bio-based matrix, MWCNT as a conductive filler (reaching the electrical 
threshold at 5wt.% [1]), and bio-based additives (3 wt.% of, lignin, spent coffee grounds or SCG [2], and oil-
extracted from them). The composites were characterized in terms of MWCNT dispersion, thermal stability, 
viscoelastic behavior, mechanical and electrical performance and 3D printability. SCG proved to be the most 
effective additive, enhancing PLA/MWCNT conductivity up to 1.4 ± 0.1 S cm⁻¹ and improving its mechanical 
performance. 
PLA/MWCNT/SCG filaments were used to 3D print flexible sensors, using a PLA substract (Figure 1A). The 
sensors were subjected to electromechanical tests to evaluate their performance as gyroscopic devices. Last, 
a proof-of-concept device was assembled by integrating the printed sensor with an accelerometer and an 
Arduino board (Figure 1B–C), demonstrating the feasibility of fully 3D-printed, low-cost and highly customizable 
sensing systems. 

 

 
Figure 1. (A) 3D-printed sensors, (B, C) rotation of the sensor. 

 
Keywords: FDM, conductive polymer composite, bio-additives, lignin, SCG, Ox-SCG 
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Lignin is a natural, abundant and renewable aromatic polymer with great potential as a source of biomaterials 
and precursor chemicals. However, its structural complexity and thermal behavior vary considerably depending 
on its origin, the extraction method used and the chemical modifications to which it has been subjected[1]. 
In this study, a comparative analysis was carried out by TGA-FTIR of several types of lignin, investigating how both 
its extraction method and its subsequent functionalization affect its thermal properties[2,3]. Lignins from 
industrial processes and others extracted in the laboratory were analyzed. In particular, two commercial lignins 
and two lignins obtained in the laboratory from Bétula Park using extraction methods based on organic solvents 
(Acetosolv) and deep eutectic solvents (DES) have been studied. In addition, the latter two were also investigated 
after chemical modification by acylation.  
The results confirmed differences in the chemical structure of the lignins, which were directly reflected in 
variations in their thermal behavior, with distinct gas evolution profiles depending on the origin, extraction 
method, and acylation. The conclusions obtained will allow optimizing the use of lignins in pyrolysis processes 
to obtain graphite-like carbon that may be of interest as an additive in printable compounds for electronics 
applications [4,5]. 
This work is part of one of our group's main current research areas, which focuses on the valorization of lignin in 
new sustainable formulations for DLP 3D printing.  
  
Keywords: TG-FTIR, lignin, pyrolysis, DLP-3D 
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Epoxy resins (ERs) are the most common way of protecting metallic surfaces against the effects of corrosion [1]. 
Widely used commercial paints are synthetized from the reaction between petroleum derived products: Bisphenol 
A and Epichlorohydrin. Environmental concerns around these resins’ sustainability, together with their potential to 
release toxic substances [2], leaves two main challenges to be addressed: the use of more renewable precursors 
and the improvements in their microstructure to provide higher protection and resilience. Therefore, we present 
our work on developing fully bio-based epoxy resin coatings from two natural substances, epoxidized soybean oil 
(ESO) and Tannic Acid (TA) [4]–[6], doped with different carbon- based nanofillers, such as graphene oxide (GO), 
reduced GO (rGO) and carbon nanotubes (CNTs). Furthermore, we assessed the possibility to provide these resins 
with electrical properties. Thus, bio-epoxy resins were obtained (bulk materials, coatings, self-standing films) by 
mixing the initial components with different epoxy-to-hydroxyl molar ratios and up to 5 wt.% of the selected 
carbonaceous filler. Characterization techniques included dynamical mechanical analysis (DMTA), tensile tests and 
rheological experiments. Their functionalities, were characterized by means of electrochemical and electrical 
techniques, such as electrochemical impedance spectroscopy and polarization curves. Results obtained, assessed 
the viability of these bio-based thermosets for a wide range of applications, regarding their specific mechanical 
properties, while displaying superior anti-corrosion resistance (corrosion rates = 10-8 - 10-6 m/year). Thus, this 
research could open alternative ways for developing more sustainable and economic formulations for 
multifunctional ERs. 
 
Keywords/Palabras clave: anti-corrosion, bio-based composites, thermosetting coatings, epoxidized soybean 
oil, tannic acid, graphene oxide, carbon nanotubes, electrochemistry. 

 

References: 

[1] C. Verma et al., “Epoxy resins as anticorrosive polymeric materials: A review,” React. Funct. Polym. 2020, 156, 9, 104741. 
[2] F. A. M. M. Gonçalves, M. Santos, T. Cernadas, P. Ferreira, and P. Alves, “Advances in the development of biobased epoxy 

resins: insight into more sustainable materials and future applications,” Int. Mater. Rev. 2022, 67, 2, 119–149. 
[3] M. Schwaiger et al., “Bioinspired fracture toughness enhancement of a fully bio-based epoxy resin,” Polym. Test. 2023, 124, 

6, 108098. 
[4] C. Di Mauro, S. Malburet, A. Genua, A. Graillot, and A. Mija, “Sustainable Series of New Epoxidized Vegetable Oil-Based 

Thermosets with Chemical Recycling Properties,” Biomacromolecules 2020, 21, 9, 3923–3935. 
[5] R. Teijido, L. Ruiz-Rubio, S. Lanceros-Méndez, Q. Zhang, and J. L. Vilas-Vilela, “Sustainable Bio-Based Epoxy Resins with 

Tunable Thermal and Mechanic Properties and Superior Anti-Corrosion Performance,” Polymers (Basel) 2023, 15, 20. 
[6] R. Teijido et al., “Exploring anti-corrosion properties and rheological behaviour of tannic acid and epoxidized soybean oil- 

based fully bio-based epoxy thermoset resins,” Prog. Org. Coatings 2024, 196, 5. 
  



Inspira, investiga, innova: polímeros que transforman el futuro 

 
69 

 

 

X 4-5 Sustainable Biopolymer-Based Coatings for Corrosion and Fouling 
Protection in Offshore Structures 

Y. Y. Plasencia-Cerdeña1, A. Catarina Lopes1,2, José Manuel Laza1, Isabel Moreno3, E. Hernaez1, L. Ruiz-
Rubio1,4 

1Innovative Macromolecular Materials (Imacromat), Dpto. de Química Física, Universidad del País Vasco UPV/EHU, 
48940 Leioa, Spain. 

2IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Spain, 
3Innovative Macromolecular Materials (Imacromat), Dpto. de Química Orgánica e Inorgánica, Universidad del País 

Vasco UPV/EHU, 48940 Leioa, Spain. 
4Basque Center for Materials, Applications and Nanostructures, UPV/EHU Science Park, 48940 Leioa, Spain. 

The main objec�ve of this research is the development of bio-based epoxy composite coa�ngs for offshore corrosion 
and fouling protec�on of steel. Although steel is widely used in construc�on and energy sectors due to its excellent 
mechanical proper�es [1], it is highly suscep�ble to corrosion, par�cularly in marine environments[2]. In such 
environments, steel structures are exposed to harsh condi�ons, including high salinity, oxygen availability, and 
electrical conduc�vity, which accelerate corrosion mechanisms[3]. 

To address these challenges, bio-epoxy thermose�ng resin matrices have been prepared by reac�ng epoxidized 
soybean oil (ESO) with tannic acid (TA), in controlled epoxy-to-hydroxyl molar ra�os[4]. These materials exhibit 
an�oxidant proper�es and a hydrophobic character, making them suitable for use as protec�ve barrier coa�ngs. In 
line with sustainability goals and circular economy principles, industrial demoulding waste rich in bentoni�c content 
was incorporated as a low-cost, func�onal filler. The an�corrosion performance of the developed coa�ngs was 
evaluated using electrochemical impedance spectroscopy (EIS), showing impedance values ranging from 105.5 and 109 
Ω·cm², surpassing the commonly accepted threshold for effec�ve protec�ve coa�ngs (>10⁶ Ω·cm²) in most cases.  

Keywords: Bio-based epoxy coa�ngs, corrosion protec�on, an�fouling, epoxidized soybean oil (ESO), tannic acid 
(TA), demoulding waste, sustainable fillers, marine environments, offshore structures. 

References 

[1] Ramezanzadeh, M.; Bahlakeh, G.; Ramezanzadeh, B.; Rostami, M. Mild Steel Surface Eco-Friendly Treatment by 
Neodymium-Based Nanofilm for Fusion Bonded Epoxy Coating Anti-Corrosion/Adhesion Properties Enhancement in 
Simulated Seawater. Journal of Industrial and Engineering Chemistry 2019, 72, 474–490.  
[2] Wang, D.; Bierwagen, Gordon. P. Sol–Gel Coatings on Metals for Corrosion Protection. Prog Org Coat 2009, 64 (4), 327–
338.  
[3] Speight, J. G. Corrosion. In Subsea and Deepwater Oil and Gas Science and Technology; Elsevier, 2015; pp 213–256.  
[4] Teijido, R.; Ruiz-Rubio, L.; Lanceros-Méndez, S.; Zhang, Q.; Vilas-Vilela, J. L. Sustainable Bio-Based Epoxy Resins with 
Tunable Thermal and Mechanic Properties and Superior Anti-Corrosion Performance. Polymers (Basel) 2023, 15 (20), 
4180.   



 JIP 2025 Bilbao - Jóvenes Investigadores en Polímeros 
 

70 
 

 

J 1-1 Sustainable polymers derived from itaconic acid for biomedical 
applications 

A. Funes-López1, R. Cuervo-Rodríguez2, A. Muñoz-Bonilla1, M. Fernández-García1 

1Instituto de Ciencia y Tecnología de Polímeros, CSIC, Madrid, España. 
2Universidad Complutense de Madrid, Madrid, España 

The synthesis of polymers from renewable sources is a highly relevant research area due to the need to reduce 
dependence on petroleum-derived plastics. In this study, we present a sustainable polymeric system based on 
the copolymerization of two monomers: MTA, a monomer derived from a vitamin B1 (sulfurol) component,[1] 
and PrI,[2] a naturally sourced itaconic acid derivative. The chemical versatility of itaconic acid allowed us to 
introduce functional groups susceptible to click chemistry, enabling the incorporation of natural antimicrobial 
and antioxidant molecules (Sulfurol and Menthol). Additionally, the polymers were designed with varying 
positive charge densities, which directly influence their bioactive properties. To assess the properties of the 
copolymers, several evaluations were performed. Firstly, their antimicrobial activity against Gram-positive and 
Gram-negative bacteria was determined using minimum inhibitory concentration (MIC) assays,[2] yielding 
values ranging from 500 to 8 µg/mL depending on the copolymer and the tested microorganism. Secondly, their 
antioxidant capacity was evaluated through DPPH radical scavenging,[3] showing activity at a polymer 
concentration of 0.25 mg/mL, with TEAC values quantified in the range of 0.4–0.6 µmol/mg. Finally, the 
biocompatibility of the materials was assessed with Normal Human Dermal Fibroblasts Adult using Alamar Blue 
assay. The results confirmed cell viability in the presence of the copolymers, supporting their potential for 
applications in contact with biological tissues. 

 
Figure 1. A) Schematic retrosynthesis of polymers. B) Evaluation of bioactive properties 

 

Keywords: Sustainable polymers, itaconic acid, sulfurol, antimicrobial, antioxidant, biocompatible 
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In recent years, interest in developing effective strategies to counteract tissue damage caused by aging, injuries, 
or diseases has grown significantly. Tissue engineering has emerged as a promising approach for tissue 
regeneration, relying on scaffolds that replicate the structure and function of the extracellular matrix. Among the 
various materials explored, biopolymers, particularly chitosan (CS), have gained considerable attention. This 
natural polymer, obtained through the deacetylation of chitin from crustacean exoskeletons, is highly valued for 
its biocompatibility, biodegradability, and its capacity for chemical modification to enhance its properties. The 
development of biocompatible scaffolds with great physicochemical properties, remarkable cell adhesion and 
biological response are crucial for tissue engineering applications[1]. In this study, CS scaffolds were designed 
and characterized, focusing on their mechanical behavior, fibroblast proliferation, and immunomodulatory 
effects. The incorporation of a CS derivative (CS-MeImB) into the scaffold, along with reinforcement using chitin 
nanowhiskers (Nw), are studied. The scaffolds exhibited an interconnected porous structure, facilitating nutrient 
diffusion and cell infiltration. 
Rheological analysis confirmed a predominantly viscous behavior at low frequencies, indicative of a transition 
toward a more elastic structure. After fibroblasts were seeded on the scaffolds, proliferation assays revealed 
that during the first few days, the cells initially appeared rounded but progressively spread on the scaffold[2]. 
This reflected enhanced adhesion and interaction over time, correlating with improved cell-scaffold integration 
(Figure 1). Additionally, immunological studies using macrophages demonstrated the low immunogenicity of the 
scaffolds. Initially, activation of the nuclear factor kappaB (NF-κB) was similar to  lipopolysaccharide (LPS) 
stimulation. However, secretion of cytokine IL-6 remained low.[3] This suggests an early immune activation 
without leading to prolonged inflammatory response. 

 
Figure 1: SEM images of Normal Human Dermal Fibroblasts, Adult (NHDF-Ad) growth for 24h (left) and 3 weeks (right) on CS scaffolds 

Keywords: Chitosan, scaffolds, fibroblast, prolifera�on, macrofages  
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La encapsulación y liberación de sustancias utilizando hidrogeles covalentes dinámicos representa una 
estrategia innovadora en la terapia dirigida y la entrega localizada de especies terapéuticas. [1] Durante el 
proceso de liberación juegan un papel importante tanto las propiedades del hidrogel (propiedades de transporte 
y reológicas, por ejemplo) como las condiciones físicas o químicas del entorno (temperatura, pH, agentes 
competitivos, etc.). [2] En este trabajo, se han preparado hidrogeles covalentes dinámicos basados en 
iminoboronatos (PEG-4arm-FPBA) (Figura 1a) y se ha encapsulado como sustancia modelo una proteína, la 
Inmunoglobulina G (IgG), que porta el marcador fluorescente Atto594. Mediante espectroscopia de 
fluorescencia, se ha investigado la cinética de liberación de IgG (Figura 1b), su dependencia con  la 
concentración del hidrogel y con la presencia de agentes que modifican el grado de reticulación de la red, así 
como la respuesta frente a sustancias químicas y metabolitos como la glucosa. Igualmente, se ha estudiado el 
grado de erosión del hidrogel y su contribución a las tasas de liberación de IgG. Estos resultados contribuirán al 
desarrollo de hidrogeles covalentes dinámicos como biomateriales para la entrega localizada de fármacos.  
 

a) 

 

b) 

 
Figura 1. a) Esquema que representa la formación del hidrogel entre el polímero de 4 brazos de PEG, que contiene el FPBA, y el agente reticulante; b) 
Cinética de la liberación del IgG-Atto594 por medidas de fluorescencia. 
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Light scattering techniques based on the Einstein-Stokes approach [1,2] have become a powerful tool to 
investigate the viscoelastic properties of soft materials, such as polymer solutions, biological systems and 
cross-linked networks [3,4]. Dynamic light scattering in the single scattering mode microrheological approach 
(DLSµR) presents several advantages over the previous diffusing wave spectroscopy based techniques, and has 
become subject of extensive research [5]. This technique allows the study of very small sample volumes, as low 
as 12µL. Furthermore, DLSµR is able to measure the dynamics of these systems in a broad time range, making 
possible the analysis of the wide hierarchy of phenomena typical of biological materials. An overview of the 
DLSµR measurement process is shown in Figure 1. The main focus of this study is researching, using passive 
microrheology, the viscoelastic properties of artificial and natural human tears. Hyaluronic acid (HA) is one of 
the most used bio-polymers for the manufacture of lubricating eye drops. The viscosity of HA solutions is 
influenced by the molecular characteristics and concentration of the polymer solution. There is, however, a lack 
of knowledge about the viscosity of human tears. Commercial lubricant eyedrops exhibited behaviours 
consistent with unentangled semidilute solutions. A linear relationship could be stablished between the 
molecular weight and the concentration on HA in the artificial eyedrops and their Newtonian viscosities. 
Additionally, this study successfully measured the viscoelastic behaviour of human tears, which exhibited a 
characteristic non-Newtonian behaviour, with a significant increase in the relaxation time compared to the 
artificial tears with similar values of the Newtonian viscosity. Microrheological measurements have shown 
promise in order to design solutions with a viscoelastic behaviour mimic that of the natural tear film. Complex 
mixtures of polymers with different chain flexibilities present a more complex relaxation spectrum, paving the 
way towards the design of better eye-drops and a deeper understanding of the viscoelastic properties of polymer 
solutions. 

 
Figure 1. Diagram of a microrheological experiment. From DLSmR measurements, MSD is obtained and calculated. 
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Fluorescence liquid biopsy (FLB) is a non-invasive technique for early cancer detection via disease-specific 
biomarkers in body fluids.[1] However, low biomarker concentration and non-specific molecules hinder accurate 
diagnosis based on fluorescence differences linked to changes in protein-contents owing to the presence of 
tumours. To enhance FLB sensitivity and selectivity, our study explores polymeric nanoparticles (NPs) that 
concentrate such changes via protein corona (PC) formation. We recently reported that the interaction of NPs and 
serum proteins can modify the natural fluorescence of the latter, making the NPs- fluorescence spectroscopy 
tandem a useful, non-invasive and user-friendly tool to detect changes in blood serum composition and be used in 
liquid biopsy.[2] 
In this work, we prepared cationic or zwitterionic NPs via self-assembly of amphiphilic block copolymers (BCs) based 
on pluronic. Using clik chemistry, pluronic® F-127 was congujated both to i) allyl-terminated dendrons (DGx, being 
dedron generation x=1,2,3) through azide-alkyne coupling, followed by guanidinium functionalization via thiol-ene 
reaction (Figure 1a); and ii) the zwitterionic group 2-(2-methylprop-2- enoyloxy)ethyl 2-(trimethylammonio)ethyl 
phosphate via thiol-Michael addition (Figure 1b). NPs were prepared by micellization in water, as confirmed by TEM 
and DLS. Fluorescence studies (λₑₓ = 280 nm) targeting tryptophan residues in serum protein assesed interactions 
between NPs and proteins in commercial blood serum. These findings highlight the potential of NP-assisted 
fluorescence spectroscopy as a promising tool for cancer diagnostics by detecting fluorescence changes in PC 
composition. 

 
Figure 1. Schematic representation of a) dendritic-linear-dendritic BCs containing peripheral guanidiium moieties (Plu-DGx-Gua) and b) BCs with 

terminal zwitterionic groups (Plu-Zw) 

Keywords: Fluorescence liquid biopsy, Dendron, Protein corona, Click chemistry 
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Over the past decade, 3D printing has emerged as a widely recognized and extensively studied technology in the field 
of tissue engineering because it enables the precise fabrication of dynamic three-dimensional (3D) scaffolds that 
mimic the mechanical and biological properties of the ECM. In order to produce 3D-printed scaffolds, numerous bio-
inks have been widely studied. Among them, hydrogels are very attractive materials due to their good 
biocompatibility, soft tissue-like properties and water-filled networks, which allow the passage of oxygen, nutrients 
and metabolites [1]. Extrusion-based 3D printing has garnered significant attention due to its simplicity, scalability, 
and ability to print a diverse range of bio-inks [2]. For this technique, photocrosslinkable hydrogels are especially 
advantageous, as they allow precise spatial and temporal control over gelation during the printing process. 
Specifically, photopolymerizable hydrogels derived from peptide- based polymers such as gelatin have garnered 
significant attention due to their capacity to form 3D structures. Moreover, the ability to modulate the mechanical 
properties and degradability of these hydrogels is crucial for supporting dynamic cell behaviour and ensuring the 
success of engineered tissue constructs in physiological environments. Hence, in this work, methacrylated gelatin 
was employed to prepare 3D- printable hydrogels with modulated mechanical properties and degradability. 

 
Figure 1. 3D printing of photopolymerizable gelatin-based hydrogels for tissue engineering. 

 
Keywords/Palabras clave: gelatin, hydrogels, degradation, 3D-printing 
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Microfluidic devices have attracted increasing attention due to their great potential across a wide range of 
advanced applications. Among their key advantages are the significant reduction in reagent consumption, faster 
sample processing, and the simplification of laboratory workflows [1]. However, transitioning microfluidic 
prototypes to commercial-scale production still faces challenges, primarily due to the complexities of 
manufacturing them in large quantities. These challenges stem largely from the need to maintain precise 
tolerances while using cost-efficient production methods [2]. Precision micromilling is widely used for mould 
inserts but is costly and slow for complex, high-resolution microfeatures at scale [3,4]. In contrast, femtosecond 
laser (fs-laser) technology has gained attention as a highly accurate and efficient alternative for micromachining 
applications [5].  
This study examines the use of femtosecond laser micromachining to create injection mould inserts for mass 
production of thermoplastic microfluidic devices. A reference design was used to optimize laser parameters for 
high structural resolution and surface quality, aiming to reduce production time and cost. Microstructures were 
replicated using two medical-grade Cyclic Olefin Copolymers (COC), E-140 and 8007S-04. Dimensional 
accuracy and surface finish were evaluated with SEM and confocal microscopy, and bonding tests assessed 
surface suitability for microfluidic applications. The optimized process reduced insert fabrication time by up to 
90% compared to micromilling. Surfaces were exceptionally smooth, with average roughness of 64.6 nm for the 
metal insert and 71.8 nm and 72.9 nm for COC E-140 and 8007S-04, respectively. While further improvements 
are needed to match the precision of traditional methods, the significant time savings and high-quality results 
demonstrate strong potential for large-scale microfluidic device manufacturing. 

 
Figure 2. SEM image of the structures replicated in COC E-140 by injection moulding. 
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Cardiovascular diseases (CVDs) remain the leading cause of mortality globally, with their prevalence expected 
to rise due to an aging population. Ischemic heart disease, often resulting in myocardial infarction (MI), is the 
primary cause of cardiovascular deaths. The current treatments improve patients´ quality of life but do not repair 
the loss of cardiac cells [1].  
Cardiac tissue engineering, particularly using hydrogels, emerges as a promising therapeutic strategy. Hydrogels, 
composed of highly biocompatible materials, mimic the cardiac extracellular matrix and support cell growth and 
tissue regeneration, offering advantages such as minimal invasiveness, reduced recovery times, and localized 
delivery of cells and growth factors [2]. 
Highly biocompatible dynamic hydrogels are developed using collagen and chitosan, reinforced to promote cell 
adhesion and proliferation, particularly for cardiomyocytes, fibroblasts, and adipocytes. The synthesis and 
gelation process of these hydrogels is analyzed according to the effects of different crosslinking agents [3]. In 
addition, green graphene is included as an organic reinforcement to improve mechanical strength and electrical 
conductivity. Although research on graphene for biomedical applications is growing, its integration into collagen 
and chitosan hydrogels remains unprecedented. The aim of this work is to develop dynamic hydrogels 
incorporating graphene to enhance their mechanical strength without compromising other functional properties 
[4]. 
Keywords: Cardiac tissue engineering, Hydrogel, Chitosan, Collagen and Green Graphene. 
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Poly-L-lactic acid (PLLA) is a biodegradable polyester commonly used in orthopedic and dental applications. 
However, its hydrophobic and crystalline nature can lead to unwanted microbial contamination and biofilm 
formation.[1] To address this, surface functionalization strategies have been explored in the last years. One 
promising approach is the amino-yne click reaction, a catalyst-free and spontaneous reaction that proceeds under 
mild conditions. Compared to other click reactions, it uses readily available amines and forms β- aminoacrylate 
linkages, which are cleavable in mildly acidic environments, allowing stimilus-responsive behavior.[2] In this work, 
the amino-yne click reaction was employed to immobilize amoxicillin onto PLLA surfaces. The process included 
alkaline hydrolysis for surface activation, amidation with ethylenediamine, functionalization with propiolic groups, 
and subsequent amoxicillin conjugation. A model experiment using tryptophan, a fluorescent amino acid, validated 
the methodology. Surface characterization techniques—XPS, ATR-FTIR, SEM, and water contact angle analysis—
confirmed successful immobilization and preserved substrate integrity on both immobilizations.[3] This surface 
modification approach enhances PLLA’s antimicrobial properties and extands its potential in drug delivery and 
stimulus-responsive behavior. 

Figure 1. A) schematic representation of PLLA surface functionalization and amoxicillin immobilization, (B) total XPS spectra of PLLA-COOH, PLLA- 
NH2 and PLLA-Alkyne, (C) FTIR-ATR spectra of pristine and functionalized PLLA 

Keywords: click reaction, amino-yne, bioconjugation 
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Antimicrobial resistance (AMR) is a major global health concern, demanding alternatives beyond traditional drug 
development. Alongside new antibiotics, there is an urgent need for tools that allow precise detection and 
monitoring of bacterial behavior. Bioprinting offers a promising solution by enabling the fabrication of 3D in vitro 
models that closely mimic the in vivo microenvironment, including tissue structure and cell-bacteria 
interactions. Furthermore, this technology allows the integration of biosensors into bioinks, facilitating real-time, 
in situ monitoring of bacterial infections. [1,2] Among infection monitoring sensors, conjugated polymers (CPs) 
stand out for their opto-electronic properties, showing colorimetric and fluorescent changes in response to 
bacteria or biomarkers. Polydiacetylenes (PDAs) are a unique group of CPs that combines highly ordered 
backbones with customizable side chains. Polymerization of self-assembled diacetylene monomers forms blue 
vesicles (non-fluorescent) that shift to red (fluorescent) upon exposure to microorganisms or biomolecules. [3] In 
this work, by combining sensors with hydrogel-based bioinks we aim to create bioprinted 3D cells models for 
bacterial infection monitoring (Figure 1). Gelatin methacrylate (GelMa), hyaluronic acid methacrylate (HAMA) 
and alginate methacrylate (AlgMa) are proposed as viable hydrogels options due to their excellent 
biocompatibility, biodegradability, low cytotoxicity and printability. As PDAs, 10,12-pentacosadiynolic acid 
(PCDA) is proposed for its commercial availability and extensive study in sensing applications. Hydrogels 
incorporating PCDA were characterized in terms of their rheological properties, biocompatibility and 
fluorescence response. Preliminary results show that PCDA vesicles successfully incorporates into the different 
hydrogel formulations whereas GelMA-based formulations give the better sensing response, exhibiting the 
expected blue-red transitions in response to external stimuli. Additionally, the formulated bioink supports the 
fabrication of basic 3D structures. 

 
Figure 1. General scheme of printed bioink with incorporated PCDA vescicles. 
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Although plas�c manufacturing is making significant efforts toward plas�c recycling and promo�ng a circular economy, 
a large por�on of plas�c waste is s�ll not properly recovered and con�nues ending-up into landfills and the ocean, 
causing substan�al environmental damage [1]. Consequently, current researches focus to develop biodegradable and 
recyclable materials, using bioplas�cs such as polylac�c acid (PLA) and polycaprolactone (PCL) emerging as poten�al 
candidates to replace fossil-fuel derived plas�cs. However, their biomedical applica�ons remain limited due to slow 
degrada�on rates and poor mechanical proper�es. Moreover, their polymeric matrix hinders biodegrada�on by 
restric�ng water and enzyma�c ac�vity [2]. To address these limita�ons, we propose the development of novel 
copolyesters based on polysaccharides. The polysaccharide phase within the polyester matrix could enhance the rate 
of degrada�on by allowing water permea�on, as well as improving the mechanical proper�es and conferring the 
materials with an�microbial capabili�es.  

For such purpose, and as a preliminary approach, we performed a thiol-Michael coupling reac�on has been carried 
out between a polysaccharide and an (oligoethylene glycol) acrylate. Dextran has been selected as the polysaccharide 
component, due to the well-known feasibility of func�onaliza�on compared to other polysaccharides [3]. The 
func�onaliza�on of dextran has been done via reduc�ve amina�on at its chain-end, introducing an ac�ve site. As the 
second component, two different oligoethylene glycols were employed with acrylate and methacrylate chain-ends. 
The so-obtained copolymers have been characterized by NMR, FTIR-ATR, AFM, and SAXS/WAXS, in order to study their 
self-assembly behavior. Future work will focus on synthesizing new copolyesters with func�onalized PCLs instead of 
the oligoethylene glycol. 

Keywords: block copolymers, self-assembly, thiol-Michael addi�on, polysaccharides 
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BCMaterials, Centro Vasco de Materiales, 
Aplicaciones y Nanoestructuras, es un centro de 
investigación autónomo lanzado en junio de 2012 

por Ikerbasque, la Fundación Vasca para la Ciencia y la Universidad del País Vasco (UPV/EHU) 
como centro de investigación de Materiales, Aplicaciones y Nanoestructuras. El centro está 
incluido en la red BERC (Basque Excellence Research Centers) y su misión es generar 
conocimiento sobre la nueva generación de materiales, convirtiendo este conocimiento en 
soluciones y dispositivos (multi)funcionales para el beneficio de la sociedad. 

BCMaterials desarrolla, evalúa, comprende e implementa materiales para sensores y 
actuadores que son críticos para el Internet de las Cosas y la Industria 4.0. Lleva a cabo 
investigaciones sobre materiales para aplicaciones biológicas y biomédicas avanzadas, así 
como materiales para energía (tanto de generación como de almacenamiento), entre otros 
campos paradigmáticos que están configurando los impulsos tecnológicos modernos. 

Su compromiso con la sociedad abarca no solo la investigación, el desarrollo y la transferencia 
de tecnología, sino también la divulgación y la formación de la nueva generación de grandes 
científicos. 

TEKNIKER es un centro tecnológico especializado en 
fabricación avanzada, ingeniería de superficies, 
ingeniería de producto y TICs aplicadas a la industria. Su 
misión es impulsar el crecimiento y el bienestar de la 
sociedad mediante la I+D+i, contribuyendo de forma 
sostenible a la competitividad del tejido empresarial. 

Sus principales líneas de investigación abarcan desde procesos de fabricación 
convencionales y no convencionales en diferentes escalas (macro, micro y nano), hasta 
mecatrónica, ingeniería de precisión y gestión de la producción industrial. En el ámbito de la 
ingeniería de superficies, trabaja con tecnologías físico-químicas, tribología, materiales para 
energía y el comportamiento de materiales y fluidos en uso. 
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En cuanto a las TICs, TEKNIKER desarrolla soluciones innovadoras en analítica predictiva, 
visión artificial, interacción hombre-máquina, redes de sensores, sistemas ciber-físicos, 
electrónica de bajo consumo y actuadores electromagnéticos, entre otros. Todo ello con el 
objetivo de transformar la industria a través de tecnologías inteligentes y sostenibles. 

 
 TECNALIA es el mayor centro de investigación 
aplicada y desarrollo tecnológico de España, y un 
referente en Europa, integrado en la Basque Research 
and Technology Alliance. Su objetivo es transformar la 
investigación tecnológica en prosperidad, colaborando 
estrechamente con empresas e instituciones para 

mejorar su competitividad, impulsar un crecimiento sostenible y elevar la calidad de vida de 
las personas. Lidera en España la participación en el programa Horizon Europe y destaca por 
su elevada solicitud de patentes europeas. 

Con un equipo de 1.500 personas apasionadas por la tecnología, TECNALIA promueve una 
cultura de innovación, anticipación y mejora continua. Su modelo de colaboración se basa en 
la confianza, la excelencia y el compromiso social, abordando retos complejos mediante 
soluciones multitecnológicas. 

Sus principales ámbitos de actuación incluyen la fabricación inteligente, transición energética, 
salud, movilidad sostenible, economía circular y digitalización. En TECNALIA, la innovación es 
más que una meta: es una actitud transformadora. 

 

LEARTIKER es un centro tecnológico que centra su actividad 
en dos áreas clave: la tecnología de alimentos y la 
tecnología de polímeros. Su objetivo es generar valor para el 
tejido empresarial mediante proyectos de I+D y una 
transferencia efectiva del conocimiento. 
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En el área de tecnología de alimentos, destaca el trabajo de su centro lácteo, especializado en 
el desarrollo de nuevos quesos y derivados lácteos, así como en el diseño de alimentos 
saludables y sostenibles, desde la concepción hasta su lanzamiento al mercado. 

En cuanto a la tecnología de polímeros, LEARTIKER investiga nuevos materiales poliméricos 
biocompatibles destinados al ámbito de la salud, especialmente para su aplicación en 
dispositivos médicos. Además, impulsa soluciones para el transporte sostenible, 
desarrollando estructuras poliméricas ligeras, fiables y silenciosas, cuya eficacia se valida 
mediante técnicas avanzadas de digitalización. 

LEARTIKER contribuye así al desarrollo de productos innovadores y sostenibles, adaptados a 
las necesidades actuales del mercado. 
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