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Plenary lectures

Recovery Rheology

S.A. Rogers
Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, Urbana, IL, USA
*Contact person: sarogers@illinois.edu

Rheological studies of real-world behaviours use idealized protocols to elucidate the
underlying constitutive relations and are typically based on measurements of the stress
response to strains or strain rates or vice versa. Strains and rates can therefore be thought
of as rheological “atoms”, from which any complicated protocol can be built. It is
commonly observed, however, that when stresses are removed, some of the deformation
is recovered. Strain is therefore a composite parameter and can be decomposed into
recoverable and unrecoverable components by iteratively performing constrained
recovery steps during any experiment. By acknowledging strain’s composite nature, we
not only get more information about how materials respond to forces that can be used to
construct more accurate constitutive relations, we must also face the limitations of our
current nomenclature and some of the assumptions that underly modern rheology.

Case studies are presented to highlight the benefits of forming rheological investigations
around a desire to understand the recoverable and unrecoverable behaviours of soft
materials. An initial focus will be on yield stress fluids, where recovery rheology has
provided answers to long-standing problems, and has led to the formation of new
constitutive relations for viscoelastic and yield stress fluids. Connections between bulk
rheology and structural measures from neutron and X-ray scattering will be highlighted
also.

Keywords: Nonlinear rheology, yielding, rheo-scattering, material functions, recovery
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Rheo-scattering and rheo-spectroscopy for rational design of thermo-flow-induced
polymer microstructures at various lengthscales

R. Cardinaelsl’2

1soft Matter Rheology and Technology, Department of Chemical Engineering, KU Leuven
(Belgium)

2 Processing and Performance of Materials, Department of Mechanical Engineering, TU
Eindhoven (the Netherlands)
Contact person: Ruth.Cardinaels@kuleuven.be; R.M.Cardinaels@tue.nl

To integrate various functionalities in the materials of the future, multi-phasic
polymer-based materials offer the potential to achieve synergistic combinations of
properties. However, rational design of the microstructure, which is dictated by the
thermo-mechanical history undergone by the material, is essential to achieve the
targeted functionality. Rheology is a powerful technique to perform in-situ time-
resolved characterizations of the microstructure during and after well-defined flow
and thermal histories. Hereby microstructural characteristics can be derived from
specific rheological fingerprints in linear or non-linear viscoelastic measurements.
Apart from this indirect structure probing from the rheological response, rheometers
for shear as well as extensional rheology can be equipped for direct structure
probing via optical microscopy, light or X-ray scattering, as well as spectroscopic
(e.g. dielectric, infrared, Raman, NMR) characterizations. In addition to the bulk
rheological response, such techniques provide direct access to the microstructure at
various lengthscales, thereby allowing to probe a wide variety of material classes. |
will discuss some representative examples in the area of kinetics of fiber orientation
in polymer- fiber composites [1,2], extensional flow-induced crystallization [3] as
well as network formation through a combination of crystallization and Diels-Alder
cross-linking [4].

Keywords: rheo-scattering, rheo-spectroscopy, structure development, in-situ structure probing
References:

[1] Egelmeers, T.R.N., Jaensson, N.O., Anderson, P.D. and Cardinaels, R. (2024) J. Rheol. 68, 171-
185.

[2] Egelmeers, T.R.N., Jaensson, N.O., Anderson, P.D. and Cardinaels, R. (2025) J. Rheol. 69, 139—
157.

[3] Pepe, J., Cleven, L.C., Suijkerbuijk, E.J.M.C., Dekkers, E.C.A., Hermida-Merino, D.,
Cardinaels, R., Peters, G.W.M., and Anderson, P.D. (2019) Rev. Sci. Instr. 91, 073903.

[4] De Ceulaer, J., Cardinaels, R. and Van Puyvelde, P. (2026) Rheol. Acta 65, 441-456.
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Keynotes

Rheological characterization of protein-rich inks for multi-material 3D printing of
plant-based meat analogs

L. Bianco?, P. R. Varges!, P. R. de Souza Mendes®, F. H. Marchesini?, A. Alicke® and M. F.
Naccache'

!Department of Mechanical Engineering, Pontificia Universidade Catdlica do Rio de Janeiro (Brazil)
2Centre for Polymer and Material Technologies, Ghent University (Belgium)
3Department of Mechanical Engineering, Eindhoven University of Technology (Netherlands)
*Contact person: naccache@puc-rio.br

As the world’s population is expected to reach 10 billion of people by the mid-2080s [1],
the sustainability of our current food production systems is treated as a fundamental factor
to meet the populational consumer demands by staying in accordance with global efforts
to halting the progression of climate change. Especially, by 2034, it is expected that
animal meat production and consumption will register significant rises [2], bringing
severe concerns on its associated increase in pollutant emissions and consumption of
natural resources. It has been reported that the production of plant-based meat analogs
possess an unrivalled production efficiency compared to animal meat, with its usage in
extrusion-based 3D printing enabling the creation of protein-rich products with variables
shapes and compositions, representing an appealing alternative for the sustainable
production of food with similar nutritional profiles, texture, taste, cooking experience and
shape of animal meat [3]. The consumables of this manufacturing process are non-
Newtonian fluids, denominated as “inks”, possess a mechanical response that allow their
extrusion and deposition in a layer-by-layer fashion to create products with geometrical
shapes with acceptable fidelity to its original design. As the maximization of the printing
quality configures an optimization task that involves both the ink’s rheological response
and the printing parameters, rheometry stands as one of the main experimental techniques
used to evaluate the behaviour of these materials during the printing process. Thus, in this
study, we analyse the rheological behaviour of plant-based meat analog inks made with
isolated soy protein and xanthan gum. Material functions were obtained performing
oscillatory tests within the linear viscoelastic regime, and the static yield stress were
obtained through creep tests with a parallel plate geometry. The material’s flow curve
was obtained by means of capillary rheometry. Cryo-Scanning Electron Microscope
imaging was used to observe the material’s microstructural morphology. Our
experimental activities enabled the interpretation of the observed rheological responses
in light of underlying microstructure and formulation of each material. Additionally,
comments on future challenges and experimental limitations to characterize these
materials are made.

Keywords: 3D printing, rheology, plant-based meat

Acknowledgements: This work was supported by CNPq, CAPES, FAPERJ, FINEP.
References:

[1] UN DESA (2024). World Population Prospects 2024: Summary of Results. New York.

[2] OECD/FAO (2025). Agricultural outlook 2025-2034.

[3] Caron, E. et Al. (2024). Food Res. Int. 192, 114712,
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Stringimeter: an open source, cost-effective and versatile device for probing
complex fluids in uniaxial extensional flow

V. Calabrese
POLYMAT, Rheology and Advanced Manufacturing group, University of the Basque Country
UPV/EHU, Avenida Tolosa 72, Donostia-San Sebastian 20018, Spain
Contact person: vincenzo.calabrese@polymat.eu

It is increasingly common to employ capillary-driven thinning techniques to infer the
rheological fingerprints of complex fluids under uniaxial extensional flow. These
methods require precise control of fluid displacement and high-speed imaging to capture
the rapid self-thinning of a fluid filament. Established approaches include commercial
platforms such as CaBER, VADER, TriMaster, and the widely used DoS method,
typically coupled to high-speed cameras operating at ~10K frames/s. Although
conceptually simple, the cost of specialized instrumentation and highspeed imaging often
limits adoption in newly established laboratories.

Here, we introduce a low-cost, modular setup, the Stringimeter, consisting of two linear
actuators, a microcontroller, and an off-the-shelf surveillance camera capable of up to 400
frames/s. We demonstrate its operation using Newtonian fluids and polymer solutions.
Using the exponential thinning regime in polymer solutions as a benchmark, we show
that the system reliably extracts characteristic timescales down to 2.5 ms. While it does
not match state-of-the-art high-speed cameras, it delivers valuable information at
approximately 1% of the cost.

The Stringimeter is fully open source and modular in hardware, software, and mechanical
framework, allowing adaptation to diverse experimental scenarios. By combining
affordability and accessibility, it broadens access to extensional rheology for laboratories
with limited resources.

Keywords: Extensional flow, Extensional rheometry, Polymer Stretching, Affordable
Rheometry.

Acknowledgements: The project that gave rise to these results received the support of a
fellowship from the “la Caixa” Foundation (ID 100010434)”. The fellowship code is
LCF/BQ/PI25/12100026.
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Oral Communications

Food and Rheology and Bio-Rheology

Probing antibiotic effects on microbial populations through rheology

R. Portelal?®, R. G. Sobral*?, P. L. Almeida*’ and C. R. Leal®*%™

! Associate Laboratory i4HB, Institute for Health and Bioeconomy, NOVA School of Science and
Technology, NOVA University of Lisbon, Campus Caparica, 2819-516 Caparica (Portugal)
2UCIBIO—Applied Molecular Biosciences Unit, Molecular Microbiology of Bacterial Pathogens
Laboratory, NOVA School of Science and Technology, NOVA University of Lisbon, Campus Caparica,
2819-516 Caparica (Portugal)
3 Intracellular Microbial Infection Biology Laboratory, Instituto de Tecnologia Quimica e Bioldgica
Antonio Xavier, NOVA University of Lisbon, 2780-157 Oeiras (Portugal)
4UnIRE e Departamento de Engenharia Mecénica, ISEL - Instituto Superior de Engenharia de Lisboa,
Instituto
Politécnico de Lisboa, Rua Conselheiro Emidio Navarro 1, P-1959-007 Lishoa (Portugal)
5 Departamento de Fisica, ISEL - Instituto Superior de Engenharia de Lisboa, Instituto Politécnico de
Lisboa, Rua Conselheiro Emidio Navarro 1, P-1959-007 Lisboa (Portugal)
6 CeFEMA - Centro de Fisica e Engenharia de Materiais Avangados, Instituto Superior Técnico,
Universidade de Lisboa, 1049-001 Lisboa (Portugal)
"CENIMAT/I3N, Departamento de Ciéncia dos Materiais, Faculdade Ciéncias e Tecnologia,
Universidade Nova de Lisboa, 2829-516 Caparica (Portugal)

*Contact person: catarina.leal @isel.pt

Multidrug-resistant bacteria are widely recognized as one of the most critical public health
threats of our time. Understanding how bacterial populations respond to antibiotic
exposure is therefore essential, as these responses directly influence the effectiveness of
treatment strategies. In earlier work, we examined how oxacillin—a p-lactam antibiotic
and one of the most clinically relevant antimicrobial classes—affects the viscosity profile
of the methicillin-resistant Staphylococcus aureus (MRSA) strain COL during culture
growth [1]. In the present study, we extend this approach to chloramphenicol, a
bacteriostatic antibiotic that inhibits protein synthesis, using comparable experimental
protocols [2]. In the first experimental approach, chloramphenicol was added to S. aureus
cultures at sub-MIC concentrations, and steady-state shear flow curves were recorded at
discrete time points throughout bacterial growth. Cultures grown with and without the
antibiotic displayed distinct temporal viscosity patterns. These observations motivated
further testing using both sub-inhibitory concentrations and concentrations capable of
halting growth. In a second approach, viscosity growth curves were continuously
monitored at a constant shear rate. Each concentration produced characteristic rheological
features that reflected the antibiotic’s activity and its impact on culture growth process.
Moreover, the viscosity profiles revealed distinct signatures associated with each
antibiotic tested, enabling their differentiation through rheological screening. Overall,
these findings may provide new insights into how bacteria respond to antibiotics with
contrasting mechanisms of action — one bacteriolytic and the other bacteriostatic — and
highlight the potential of rheological measurements as a tool for probing antibiotic effects
on microbial populations.

Keywords: rheology, S. aureus, antibiotics, bacteria
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Studying the viscoelastic properties of complex polymeric solutions

A. Cardil"", M. Fernandez?, I. Calafel*, J. Ramos!, A. Acera®* and J.F. Vega®
IBIOPHYM, Instituto de Estructura de la Materia (IEM-CSIC) (Spain)
2POLYMAT and Department of Polymers and Adv. Mat., UPV/EHU (Spain)
3Department of Cell Biology and Histology, GOBE, UPV/EHU (Spain)
“Ikerbasque, Basque Foundation for Science (Spain)

*Contact person: andres.cardil@csic.es

The human tear is a biofluid of great biomedical interest, and its anomalous viscoelastic
behaviour can be connected to different sickness like “dry eye” [1]. The tear film cannot
be studied by conventional rheometry alone, as the sample volume is too low and the
required shear rate to reproduce its behaviour during blinking are of around 10°-10°s
[2]. We have used dynamic light scattering-based passive microrheology [3] to study the
viscoelastic properties of natural tears and a series of artificial teardrops containing
hyaluronic acid. Applying theoretical models, we were able to extract characteristic
parameters like the relaxation time and Newtonian viscosity of these samples. Both
natural and artificial tears present non-Newtonian behaviour, but the commercial
teardrops do not replicate the flow properties of the natural tear film. In order to design
artificial fluids with more complex relaxation time spectra, akin to human tears, the
viscoelastic properties of solutions containing a mixture of polymers with different
properties have been studied by microrheological and microfluidic technigques. This study
proposes a methodology to study the complex relaxation phenomena present in biofluids
and paves the way into the development of complex polymeric solutions that can mimic
their viscoelastic properties.

Keywords: microrheology, microfluidics, biofluids, complex polymer solutions
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Solid fats at room temperature like butter, margarines, palm oil, coconut oil, dairy fat,
among others, possess many important functionalities, both in technological industrial
processes and in food sensory quality. The problem of these very useful solid fats is that
they are very rich in saturated fatty acids, which are not recommended for health reasons.
Saturated fatty acids are the responsible of the solid texture. A fat with low percentage of
saturated fatty acids may be healthier, but it is liquid at room temperature, so it can not
be used in the production of many foods, for example cookies or puff pastry, which
require a solid fat at room temperature.

A novel approach to create solid fats with low percentage of saturated fatty acids is
oleogelification, which convert a liquid oil into a solid, without altering the lipid profile.
An oleogel is composed of a liquid oil with low percentage of saturated fatty acids and
an oleogelator, and possess solid texture.

Up to day many oleogelators including waxes, phytosterols, ceramides, hydroxy fatty
acids, longchain fatty acids/alcohols, monoglycerides, ethyl cellulose, methyl and
hydroxypropyl methylcellulose have been employed, with differences in the final oleogel
properties. All the oleogelators employed up to day are additives.

Agquafaba, an economical, viscous, nutrient-rich liquid produced by high-temperature
boiling of beans (particularly chickpeas) in water, is a byproduct of industrial canning
processes. The macromolecules in legumes (such as starch and proteins) migrate into the
water as the outer layers of the seeds degrade during the boiling process. As a result,
aquafaba possesses favorable emulsification, foaming, gelation, and thickening properties
due to its high content of a multicomponent complex system consisting of proteins,
polysaccharides and polyphenols.

In the present study oleogels prepared by the emulsion template approach are prepared
from chickpea and faba bean aquafaba as unique oleogelators. Rheological properties of
the emulsions and the final oleogels are measured and discussed.

The aquafaba oleogels are a natural, vegetal, sustainable and healthy alternative to
conventional solid fat, with many possibilities in the industrial food market.
Keywords: aquafaba, legumes, oleogel, emulsion, fat replacer, food structure
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Increasing consumer demand for healthier foods without chemical additives has led to the
rise of clean-label products and a shift toward more sustainable food options [1,2]. The
aim of this study was to develop clean-label low-fat butters and investigate how green
banana flour (GBF) and inulin (1), used as fat replacers, influence their rheological and
textural properties.

In addition, the influence of whey protein (WP) and gelatin (G) incorporation on
formulation performance was assessed. Eight of the twelve formulations, varying in GBF
or I (1 and 1.5%), WP (3, 4, and 5%), and G (0 and 1%), were selected for comparation
with a commercial low-fat butter. To improve colour, B-carotene was added to the most
promising GBF and inulin-based formulations. Rheology measurements were performed
with a HAAKE MARS I1I controlled-stress rheometer with a 20 mm serrated parallel
plate (PP20) probe to minimize slip effect. Mechanical spectra were obtained by
performing frequency sweep tests at 4 Pa within the linear viscoelastic region, measuring
the storage (G') and loss (G") moduli.

Texture profile analysis (TPA), in penetration mode, was carried out using a TA-XT Plus
texturometer (5 kg load cell) at 20+1 °C, with samples in 6 cm diameter containers
penetrated 15 mm at 1 mm/s using an 11 mm cylindrical probe. The two best-performing
formulations were further analyzed by temperature sweep tests from 4 °C to 50 °C at 4
Pa, using the same PP20 geometry. All analyses were performed at least in triplicate.

The addition of gelatin increased the G' modulus in formulations containing 1% GBF or
inulin and 3% WP. The clean-label butters exhibited lower firmness and adhesiveness
than the commercial butter. Temperature sweep tests showed that the butter were
predominantly elastic up to 35 °C, become viscous near melting (~39.8 °C), and recovered
structure at low temperatures (G’>G’’ below 10 °C).

Overall, both green banana flour (GBF) and inulin (1), showed potential for developing
clean-label low-fat butters, providing sustainable options for consumers and the food
industry.

Keywords: Low-fat butter, Green banana flour, Inulin, Clean-label, Texture
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Plant-based cheese analogues often fail to replicate the viscoelastic properties of dairy
cheeses due to the absence of casein-driven networks and the reliance on starches or
saturated fats as structuring agents. Fermentation has emerged as an effective strategy to
promote structure development in plant-based matrices, while also being associated with
bioactive formation and health-related benefits typical of fermented foods. Macroalgae
offer nutritional and functional advantages but pose sensory challenges related to marine-
like flavor and aroma [1,2].

This study investigates the rheological behavior of fermented legume—nut-based cheese-
like spreads formulated with almond and lentil, with and without incorporation of the
green macroalga Codium tomentosum (2%, w/w). Fermentation was conducted using a
defined lactic acid bacteria consortium and monitored through pH evolution and organic
acid production. Mechanical behavior was assessed by small-amplitude oscillatory shear
tests, complemented by texture profile analysis.

Fermentation induced a clear transition towards a gel-like, solid-dominated behavior, with
storage modulus (G’) consistently exceeding loss modulus (G"”) across the tested
frequency range. Nonfermented formulations exhibited substantially lower moduli,
confirming fermentation as the dominant factor in viscoelastic reinforcement. This
behavior is attributed to acidification-driven protein aggregation and enhanced protein—
polysaccharide interactions within the matrix, while macroalgae incorporation did not
significantly affect the viscoelastic response.

Texture profile analysis was consistent with rheological findings, with fermentation
leading to higher firmness and cohesiveness and reduced adhesiveness, indicative of a
more stable yet spreadable structure. Fermentation also significantly modified flavor
perception, resulting in a polarized consumer response dependent on familiarity with
acidic and fermented foods. Overall, fermentation emerged as the main driver of
viscoelastic structuring, while macroalgae incorporation enabled nutritional enrichment
without compromising mechanical performance, supporting the development of
differentiated fermented plant-based products with targeted market potential.

Keywords: food rheology, viscoelasticity, texture profile analysis, fermentation, plant-based
cheese analogues
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Extrusion-based 3D food printing requires materials with carefully balanced rheological
properties to ensure printability, shape fidelity and structural stability after printing. In
this context, the incorporation of microalgal biomass offers nutritional and functional
advantages but may significantly alter the viscoelastic behaviour of printable food
matrices [1,2]. This study, developed within the Bluewayse project, investigates the
rheological and textural behaviour of cereal-based bio-inks enriched with microalgae for
3D-printed snack applications.

Dough formulations based on wheat and wholegrain oat flours were enriched with
Limnospira platensis (Spirulina) and Microchloropsis gaditana at different incorporation
levels (4-10%, w/w). Rheological characterization was performed using small-amplitude
oscillatory shear and steadystate flow tests to assess viscoelastic behaviour, shear-
thinning properties and structural stability relevant to extrusion. Texture profile analysis
was used to complement rheological measurements and evaluate macroscopic mechanical
properties.

All bio-inks exhibited shear-thinning behaviour and solid-dominated, gel-like viscoelastic
responses (G’ > G"), confirming their suitability for extrusion-based printing. Microalgae
incorporation promoted a progressive reinforcement of the dough structure, reflected in
increased viscoelastic moduli and firmness, while maintaining adequate flow behaviour
for printing. Differences between microalgal species were observed, with Spirulina-
enriched formulations showing stronger structural reinforcement, attributed to its higher
protein content and interaction with the cereal matrix.

The agreement between rheological and textural measurements highlights the role of
microalgae as active structuring agents in 3D-printable doughs. From a fundamental
perspective, these results contribute to the understanding of structure—function
relationships in complex, bio-enriched food matrices. From an applied standpoint, they
support the rational design of nutritionally enhanced, printable snacks with potential for
personalized nutrition and sustainable food production within the blue bioeconomy
framework.

Keywords: food rheology, texture, 3D food printing, microalgae, viscoelasticity
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Bread is one of the most popular foods in the world, with a strong presence in people’s
daily lives due to its easy access. On the other hand, the consumers' conscientization
regarding the maintenance of high health standards has led to the development of the so-
called “functional foods”. Acorn flour emerges as a valuable material since it is a valuable
source of active compounds, such as antioxidants, endowing a functional bread with high
antioxidant capacity. At the same time, its use is a good contribution for the valorisation
of the Montado from the region of the Alentejo, in Portugal. Nonetheless, the addition of
acorn flour impacts the properties of the dough and of the final product making the bread
more compact and brittle. The changes on the rheological properties of bread’s dough,
made of different flours such as wheat, lupin, and acorn, as well as the preparation
procedure, were investigated. Through oscillatory tests, the viscoelastic properties of
bread’s doughs with different composition were evaluated and compared to standard
wheat dough. Additionally, the texture of the bread obtained from different dough
formulations was also evaluated. Acorn flour showed promising technological properties
as food ingredient for bread production revealing improved firmness, cohesiveness and
viscoelasticity of the fermented dough. At the same time, an important antioxidant source
is afforded with this type of bread.
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Natural Deep Eutectic Solvents (NADES) have emerged as promising, environmentally
benign alternatives to conventional solvents, distinguished by their tunable
physicochemical properties, low volatility, natural origin, biodegradability, and
remarkable solubilizing capacity [1]. Their ability to form stable hydrogen-bonded
networks from naturally derived constituents further enhances their appeal for a wide
range of applications [2]. Within the NADES family, systems based on choline chloride
and organic acids are particularly attractive due to their simplicity, cost-effectiveness, and
versatility [3]. In this study, NADES were prepared using choline chloride (ChClI) as the
hydrogen-bond acceptor and oxalic acid (OA) as the donor, at ChCl:OA molar ratios of
1:1 and 1:2, and subsequently employed to formulate dispersions of epoxidized olive-
stone residues (EOS) potentially applicable as green lubricants—an approach that
valorizes agricultural waste and generates functional materials. The raw components and
resulting dispersions were comprehensively characterized through thermogravimetric
analysis (TGA), differential scanning calorimetry (DSC), and Fourier-transform infrared
spectroscopy (FTIR) to evaluate thermal stability, phase transitions, and chemical
interactions. Viscous flow measurements and Small Amplitude Oscillatory Shear (SAQS)
experiments were performed to assess their rheological behavior and structuring ability
of EQOS, while tribological experiments were conducted to assess their lubrication
performance. Spectroscopic and thermal analyses confirmed the successful formation of
homogeneous eutectic solvents. Through epoxidation, EOS were efficiently incorporated
into the NADES, yielding stable dispersions whose lubrication performance was
corroborated. The structuring ability of EOS was demonstrated by noticeable increment
of viscosity and changes in the SAOS functions. Rheological and tribological results
further revealed that the ultimate performance of these dispersions is strongly governed
by the NADES composition and EOS concentration. Overall, structured dispersions of
epoxidized olive stone residues in NADES provide tunable rheological properties and
effective tribological performance, enabling a new valorization route for this waste
material and the prospects for promising novel bio-based lubricants.

Keywords: Natural Deep Eutectic Solvents, Epoxidation, Bio-based Lubricants, Olive Stone
Residue
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Determining the precise topology of industrial polymers remains one of the most
significant challenges in macromolecular science, as subtle variations in long chain
branching (LCB) drastically dictate the material's final performance. In this study, we
present a robust methodology that integrates advanced experimental rheological
characterization with the predictive power of the Branch-on-Branch (BoB) computational
model, founded on reptation concepts. A series of polyethylenes synthesized via
heterogeneous metallocene catalysis were selected for their inherent structural
complexity. Our approach focuses on: (i) linear viscoelastic experiments (LVE),
characterized through Small Angle Oscillatory Shear (SAOS) experiments, and (ii) non-
linear response (NLVE), evaluated using start-up stress growth in shear and uniaxial
extensional measurements, which are essential for identifying the "fingerprints” of
complex architectures. A key role is played by flow activation energy (Ea), evaluated via
thermorheological analysis, providing a secondary macroscopic probe for the presence
and density of LCB, thereby establishing a consistent thermorheological framework to
validate the topological transitions predicted by the BoB model. By implementing the
BoB model, we successfully fitted experimental data to deduce the most probable
molecular topology. A key finding of this research is the identification of a pronounced
asymmetry in LCB distribution within specific samples, which was validated by their
distinctive non-linear behaviour and further supported by the sensitivity of Ea to these
topological variations. Furthermore, we demonstrate that a single LVE response can be
accurately described by the coexistence of different LCB populations, building upon and
refining classical models.

This synergy between experimental rheology, thermorheological sensitivity, and
molecular simulation not only enables the "mapping"” of polymer architectures through
their flow behaviour but also establishes a critical predictive tool for the industrial design
of materials with optimized properties.

Keywords: Branch-on-Branch model, non-linear rheology, flow activation energy, asymmetric
distribution of long-chain branching,
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Electric and hybrid vehicles are demanding new technologies and battery module designs
incorporating solutions based on polymeric materials. Battery systems have always been
designed focusing on thermal and energy requirements, leaving the mechanical
performance in a second plane. However, different studies have shown that the pressure
on the cells has a direct impact on cell life [1]. Traditional foam-based solutions do not
seem to solve the dimensional handicap of the system [2], therefore, new approaches have
to be considered. Among them, the replacement (totally or partially) of the traditionally
aluminium compression plates with thermoplastic elastomeric materials (TPEs) could be
a viable solution that would make it possible to maintain pressure homogeneous and
constant throughout the life of the system. In this sense, it is known that mechanical
properties of TPEs will be strongly influenced by the phase morphology acquired after
processing, particularly by injection moulding. Therefore, this work aims to gain a better
understanding of the effect of processing conditions on the viscoelastic and flow
parameters that determine the final phase morphology of injection moulded TPEs
designed for batteries. For this purpose, different rheological approaches will be carried
out both in linear (SAOS) and non-linear (LAOS) regimes, paying special attention to the
elongational component of the process and to the effect of injection pressure on viscosity
of the system.
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This work develops and assesses a numerical framework for two-phase, free-surface
flows of viscoelastic (non-Newtonian) fluids described by the integral K-BKZ
constitutive model. Three representative Boger-type liquids with rheological parameters
reported in the literature are considered: two dilute solutions of the same polymer in
different hydrocarbon/oil solvent blends and a third dilute solution of another polymer in
a highly viscous syrup-based solvent, providing distinct relaxation spectra and viscosities
for testing the method. The governing incompressible, isothermal equations are solved
with a finite-volume method in OpenFOAM, coupled with a Volume of Fluid (VoF)
formulation to capture the evolving interface; the phase stresses are combined through the
VoF indicator function, with the second phase treated as Newtonian (air) and surface
tension neglected in the present benchmarks. The K-BKZ model is implemented in the
rheoTool [1] environment using a history representation based on convected Finger
tensors (“deformation fields™); strategies such as resetting history in cells with negligible
viscoelastic phase are used to prevent spurious stress contributions near the interface.
Benchmark studies of extrudate swell and jet buckling (2D and 3D) demonstrate that
accurate predictions can be obtained with a reduced number of deformation fields (e.g.,
51 in the unsteady jet case), lowering computational cost while maintaining agreement
with published numerical results.

Keywords: Two-phase flow, Viscoelastic fluid, K-BKZ integral constitutive model, Volume of
Fluid (VOF), Extrudate swell and jet buckling
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Solid-state lithium batteries are a promising alternative to overcome the current lithium-
ion technology limitations (safety concerns, flammable liquid electrolytes) in the
automotive industry. Nowadays, the race in solid-state lithium batteries is centred on
creating new high-performance electrolytes and electrodes at room temperature [1].
However, another concern in the battery community is the fabrication processes that are
used to make these components, and their own sustainability. Extrusion processing is a
relatively new sustainable alternative process that saves cost, energy, and waste disposal
in battery field. In electrolyte extrusion process, the ion transport properties are governed
by microstructure and viscoelastic response, which will influence in the battery
performance [2]. However, the rheological effect on the extrusion parameters selection
has never studied so far, making a try and error approach the optimization of solid
electrolytes such as inorganic-polymer hybrid electrolytes.

The present work focuses on the development of a novel rheology-guided extrusion
approach for inorganic-polymer hybrid electrolytes. LizInCls (LIC) is used as inorganic
part together with several non-polar homopolymers (PIB, PP and LDPE) to get solid
hybrid electrolytes. The hybrid electrolytes are obtained by mixing the inorganic and the
polymer in the extruder at different temperatures. Thus, we combine the high ionic
conductivity and mechanical stability from the inorganic with the processability
properties from the polymer. In a first step, we measured the rheological properties of all
the polymers to build the viscosity curves at different temperatures. Taking into account
these results, we found an optimum viscosity, which led to optimized ion transport
properties of the hybrid electrolytes.

Keywords: hybrid, electrolyte, viscosity, conductivity, extrusion
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A hybrid damper system consisting of a thermoplastic solid flexible structure and a shear
thickening fluid has been designed and fabricated, using 3D printing for the solid structure
and fumed silica in polypropylene glycol suspension for the fluid component. The
viscoelastic response to shear and squeeze tests of both components and their combination
has been studied using a control stress rheometer (MARS 111, (Haake Thermo Electron
Corporation GmbH, Karlsruhe, Germany) and a texture analyser (TA. XT PLUS C,
Stable Micro Systems, United Kingdom), respectively [1].

The capability to dissipate energy of both components and their combination has been
quantified using the area enclosed by the Lissajous-Bowditch plots in the stress-strain
phase space [2]. The energy dissipated by the shearsqueeze thickening fluid increases
with the oscillation stress amplitude for a given angular frequency. In addition to practical
implications, this is a clear indication of the viscous nature (not elastic) of the shear-
squeeze thickening behavior. As it was expected, the solid structure only dissipated a
small amount of energy due to be a mainly elastic component. Interestingly, the linearity
of the viscoelastic response resulting from the combination of both components has been
checked.

Keywords: Hybrid damper, Shear thickening, LAOShear rheometry, SAOSqueeze rheometry.
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Microbial electromethanogenesis (EM) enables the conversion of CO: into methane using
electroactive microorganisms, but its practical implementation is limited by slow biofilm
formation and unstable bioelectrode interfaces. While carbon felt is commonly used as
biocathode material, its hydrophobic surface hinders microbial adhesion, delaying system
startup. In this work, polymer-based hydrogel coatings are proposed as functional,
rheologically active biointerfaces to modulate hydration, mechanical compliance and
mass transport at the electrode—biofilm interface. The hydrogels were designed to provide
high water retention and viscoelastic properties, creating a mechanically permissive
microenvironment that favours microbial attachment and proliferation. Additionally, the
incorporation of a dissolved carbon source within the hydrogel network was explored to
locally stimulate microbial activity during early colonisation.

The performance of three biocathodes was evaluated in two-chamber bioelectrochemical
systems: uncoated carbon felt, hydrogel-coated carbon felt, and hydrogel-coated carbon
felt with embedded carbon source. Systems were operated at —1 V vs. Ag/AgCl under
continuous CO: supply and controlled temperature (30 °C). Hydrogel-coated electrodes
showed ~30% higher current densities from the initial stages of operation compared to
uncoated carbon felt, evidencing the key role of the hydrogel’s physicochemical and
rheological properties. The hydrogel interface promoted the rapid establishment of a
highly selective microbial community dominated (>90%) by Methanobacterium.
Metabolic analysis revealed the formation of methane, suggesting diffusion-modulating
effects of the hydrogel matrix.

Overall, this study demonstrates that rheologically engineered polymeric hydrogels act as
active components of bioelectrodes, governing microbial colonisation and
electrochemical performance. This materials-driven strategy provides a promising route
for the design of advanced bioelectrodes in electromethanogenesis.

Keywords: Polymeric hydrogels, Rheology, Bioelectrodes, Electromethanogenesis, Biofilm
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In wind turbine operation, degradation of lubricating greases in critical components is a
main cause of failures and extended maintenance periods, given difficult access and the
high cost of repair and replacement. Assessing grease condition is particularly
challenging because, unlike oils, greases exhibit a strongly viscoelastic, microstructure-
dependent response, making their lubrication mechanisms more complex and less
predictable. Their performance is highly sensitive to in-service contamination, as metallic
particles generated by fretting under cyclic loads and vibrations, together with exposure
to humid environments, can disrupt the grease microstructure, alter its mechanical
response, and ultimately reduce lubricating performance. Sensitive condition monitoring
is therefore essential to verify whether the grease continues to provide effective
lubrication during service. [1-2]

This work investigates and models the evolution of grease properties to support more
accurate and cost-effective predictive maintenance. We report a rheological
characterization of base greases and quantify the impact of representative contaminants
(metallic particles and moisture). Flow curves and small-amplitude oscillatory shear
measurements are used to quantify changes in viscoelasticity, yield behaviour, and shear-
rate dependence, providing rheological indicators of performancerelevant degradation.
Complementary dielectric spectroscopy probes microstructural evolution through
changes in permittivity and dielectric conductivity. Together, these measurements define
condition signatures that could be translated into practical in-line monitoring concepts,
for example using pressure-based or electrical sensing.

Keywords: lubricating greases; viscoelasticity; yield stress; permittivity, dielectric conductivity
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Polymer nanocomposite foams are complex systems in which cell growth and nanofiller
reorganization take place simultaneously within the polymer matrix during the foaming
process. Both the internal network structure and the type and extent of foaming are key
factors that determine the final material properties. The viscoelastic behavior of the
polymer matrix plays a critical role in foam stability, as it governs the ability of the
structure to withstand deformation during cell expansion. Moreover, cell morphology
strongly influences the spatial redistribution of the nanofillers. A well-developed,
interconnected network facilitates the formation of conductive pathways, enabling the
production of foamed semiconductor nanocomposites. In contrast, irregular or open-cell
structures may disrupt filler connectivity, compromising material performance.
Therefore, understanding how cell growth affects the final arrangement of nanofillers is
essential to achieving the desired functional properties [1].

This study aims to elucidate the impact of cell growth on the nanofiller network. To this
end, foam morphology was characterized, and the evolution of the nanofiller network was
examined using small-amplitude oscillatory shear (SAOS) and large-amplitude
oscillatory shear (LAOS) tests. These analyses provide insight into how foaming
influences nanofiller distribution and connectivity.

Keywords: Foams, nanocomposites, rheology
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Improving the efficiency of solar domestic hot water (DHW) systems is essential to
reduce energy consumption in the residential sector. The integration of thermal energy
storage (TES) materials, such as phase change materials (PCMs), into solar collectors has
proven to be effective in extending heat availability and enhancing system performance
[1]. However, conventional solid—liquid PCMs often present practical limitations related
to leakage. In this context, solid-to-solid PCMs represent an attractive alternative, as they
allow latent heat storage while preserving the solid state of the material throughout
operation [2].

In this work, a new class of TES materials designed for flat-plate solar DHW collectors
is presented. The proposed materials consist of a bituminous matrix with high solar
radiation absorptivity, combined with a solid-to-solid PCM, pentaglycerine, whose
transition temperature falls within the operating range of solar DHW systems, thereby
enabling latent heat storage.

This study addresses the effects of pentaglycerine concentration on the physico-chemical
interactions, thermal stability and rheological properties of the blends. The proposed
bitumen— pentaglycerine blends exhibit high solar absorptivity, good thermal stability and
enhanced consistency over the typical operating temperature range of solar DHW
systems.

Keywords: Solid-solid phase change materials; solar collector, thermal energy storage, product
engineering
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This work addresses the rheological design of sustainable, non-bituminous binders for
road applications based on vegetable resources, aiming to reduce or replace conventional
petroleum bitumen. A unified bio-based binder platform composed of colophony resin
ester (rosin), waste cooking oil, and a small amount of polymeric MDI was employed to
systematically investigate the influence of lignocellulosic biopolymers on viscoelastic
behavior under conditions representative of road service.

Binder formulation and processing were evaluated through comprehensive rheological
characterization, including oscillatory shear tests, flow behavior, and temperature- and
frequencydependent viscoelastic moduli, enabling the establishment of structure—
property relationships across thermal and loading regimes representative of traffic and
environmental conditions. Rosin acted primarily as a structuring agent, oil provided
plasticization, and MDI ensured cohesion and compatibility through the formation of
urethane and amide linkages with hydroxyl and carboxyl functional groups. The
incorporation of cellulosic pulp and modified Kraft lignin resulted in distinct yet
complementary rheological effects. Cellulosic pulp promoted physical network
formation, leading to an enhanced elastic response and increased softening resistance at
high in-service temperatures, whereas lignin improved binder homogeneity and
viscoelastic stability over a broad temperature range, also enabling stable cationic
emulsification routes for road construction and rehabilitation.

Overall, the results demonstrate that lignocellulosic biopolymers can be effectively used
to tailor the viscoelastic properties of oil-rosin—-MDI binders through combined physical
structuring and chemical stabilization mechanisms. This bio-based platform provides a
versatile framework for the rheological design of next-generation sustainable road binders
with controlled performance under relevant service conditions.

Keywords: bio-based binders, rheological behaviour, viscoelasticity, lignin, cellulosic pulp
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The planet is facing an urgent environmental crisis, with increasing levels of pollution
requiring immediate industrial action. Maritime transport is responsible for 4% of global
emissions [1], leading the world in implementing sustainability measures. The sector is
adopting innovations such as Industry 5.0, Al and low-emission fuels [2]. Adhesives are
critical in structural joints due to their low cost, lightweight and durability [3,4]. Their
ability to bond directly over shop primer without removing protective coatings simplifies
construction, reducing costs and environmental impact. Developing and optimizing these
adhesives are essential for the industry's sustainable future.

This study will characterize the mechanical behaviour of a structural acrylic adhesive, for
naval steel bonding applications. The objective is to evaluate the material's performance
under both standard and aged conditions, establishing baseline properties for structural
joint design. Dogbone specimens were fabricated and tested to measure critical
mechanical parameters including Young's modulus, yield strength, maximum tensile
strength, Poisson's coefficient, and shear modulus. In order to assess the effects of
environmental degradation, an ageing procedure is to be designed and the results
compared with those obtained from unaged material.

To obtain the material properties, both traditional means, a universal testing machine, and
novel techniques such as Digital Image Correlation (DIC) will be used, which will allow
the mechanical characterization of all the basic properties of the adhesive. The aim is to
lay the foundations for performing analyses on typical joints in the naval sector such as
metal-metal, metal-composite and composite-composite.

Keywords: Mechanical properties, adhesive, aging, ship.
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The development of modern polymer architectures capable of sustaining extremely large
extensional deformations requires improved measurement techniques beyond the
capabilities of the classical Sentmanat Extensional Rheometer (SER) [1]. We present a
modified counterrotating drum fixture, the Two-Dimensions Universal eXtensional
Fixture (2D-UXF), designed to reach much larger Hencky strains. In 2D-UXF, one drum
translates axially while both rotate, forcing the specimen to follow a controlled helical
trajectory. This prevents edge collapse and enables Hencky strains far beyond the SER
limit of approximately 3.5-4.

The torque transducer in 2D-UXF is connected to the air-bearing of a modern MCR 703
rheometer, providing sub-puN-m sensitivity essential for detecting stresses at high Hencky
strains. Optical monitoring is integrated to assess deformation homogeneity and validate
the uniaxial flow assumption [2].

Experiments on linear polystyrene show that 2D-UXF and SER vyield fully overlapping
results as long as necking is absent, demonstrating that 2D-UXF does not introduce
artefacts when the axial velocity remains small relative to the tangential velocity (i.e.,
when the pitch angle is small). In this regime, analytical expressions confirm that
corrections to strain rate, stress, and extensional viscosity are negligible.

A highly branched comb-polystyrene was further characterized and compared with SER
and filament-stretching rheometry (FSR). Using 2D-UXF, Hencky strains above 9 were
achieved. Cylindrical specimens showed excellent agreement with FSR, whereas film-
type specimens exhibited deviations at low strain rates. These deviations diminished with
decreasing width-to-thickness ratio, suggesting a transition from uniaxial to mixed
deformation modes at large strains, which may also explain long-standing discrepancies
between FSR and classical SER measured on films.
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Time—temperature superposition (TTS) is commonly used to extend the frequency range
of linear viscoelastic measurements, but it requires thermorheological simplicity.
Amorphous polymers are known to violate this condition in the temperature interval
immediately above the glass transition temperature (Tg), where different relaxation
mechanisms exhibit distinct temperature dependences. As a result, TTS produces
distorted master curves in the onset region of the a-relaxation.

Broadband CHIRP excitation provides an alternative approach by measuring the
viscoelastic spectrum at fixed temperature within a single experiment. Using polystyrene
as a model system, CHIRP vyields a continuous and coherent frequency response in
significantly shorter time than a full TTS protocol. In the Gurp—Palmen representation,
CHIRP data show a clean a-relaxation without the lack of superposition observed in TTS.
These results demonstrate that CHIRP enables a reliable characterization of segmental
dynamics near Tg while avoiding the limitations associated with time—temperature
superposition.

Keywords: CHIRP, time—temperature superposition, glass transition, linear viscoelasticity,
arelaxation.
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Powders play a critical role across numerous industrial sectors, including food, chemicals,
energy, advanced materials, and additive manufacturing [1]. Their performance during
handling, storage, transport, and processing directly influences product quality, process
efficiency, and operational reliability. Despite their widespread use, powders remain
inherently complex materials whose behaviour is governed by dynamic particle—particle
interactions and environmental conditions. Conventional powder characterization
methods often fail to capture these complexities under realistic process conditions.
Powder rheometry has emerged as a powerful approach for quantifying powder flow
behaviour under controlled stress states, providing greater sensitivity to changes in
interparticle forces, consolidation effects, environmental conditions, and process history.
This work presents two case studies demonstrating the capability of an Anton Paar
powder-rheology platform to reveal previously inaccessible aspects of powder behaviour.
The first case study investigates a newly identified mechanism of powder caking, where
rheological measurements enable the detection and characterization of progressive
structural evolution leading to loss of flowability. Unlike conventional caking
assessments that rely primarily on static measurements, powder rheometry captures
changes in resistance to movement and energy dissipation, offering new insights into the
development and Kkinetics of caking phenomena.

The second case study examines the influence of temperature on the behaviour of barium
carbonate (BaCOs). Through systematic rheological characterization under controlled
thermal conditions, the study evaluates how temperature alters particle interactions and
consequently affects flow performance and sintering. The results demonstrate measurable
variations in rheological parameters with temperature, highlighting the importance of
considering thermal effects during powder processing and handling, particularly for high-
performance materials.
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Magnetorheology is a fast-growing research field focused on magnetically-responsive
fluids, which are typically composed of magnetisable particles dispersed in a non-
magnetisable continuous phase, and whose mechanical properties can be tuned by an
external field [1]. The activation is very fast and gives rise to a complex, non-linear
behaviour ranging from solid-like to purely viscous, depending on particle properties,
volume fraction, magnetic field strength, and applied stress or deformation [1]. Most
existing studies have focused on strong MR fluids, largely driven by highload application
requirements. Consequently, commercially-available equipment is often not suitable for
the characterization of rheologically subtle MR fluids. The key limitation is the size of
the applicable measuring geometries, which must be small enough to enable the
generation of a strong, uniform magnetic field in add-on systems mounted on the
rheometers. Parallel-plates of 20 mm diameter are typically employed. Still, this small
geometry has a severely limited experimental window, in which subtle rheological
properties are often overshadowed by low-torque errors and inertial effects [2]. In this
work, we present a new add-on, compatible with standard magnetorheological cells, that
enables the use of a 40 mm parallel-plate geometry while maintaining a uniform magnetic
field up to approximately 330 mT. Initial tests demonstrate a significant widening of the
accessible experimental window in both steady and oscillatory shear, which enabled a
reliable magnetorheological characterization of particle-seeded blood analogues. We
believe this prototype can aid in the unveiling of subtle magnetorheological behaviours
that were previously inaccessible with commercial systems, particularly those associated
with blood.
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Direct numerical simulations (DNS) were carried out to investigate the dynamics of
turbulent flow over a backwards facing step in a channel for viscoelastic fluids described
by the Finitely Extensive Nonlinear Elastic model with Peterlin’s closure (FENE-P). The
DNS were carried out using a new viscoelastic solver based on the open source
Incompact3D DNS framework, where the Immersed Boundary Method (IBM) was
extended to include the conformation tensor field.

At the inlet a recycling boundary condition was used to ensure a fully-developed channel
flow was established upstream the step, which had an expansion ratio of 2. The reference

Newtonian and viscoelastic simulations were carried out at upstream Re.= 180, and the

latter at Wi-= 9.4 with maximum extensibility L?= 3600 and viscosity ratio $=0.9, typical
of dilute polymer solutions.

Even though the elasticity of the viscoelastic solution was low downstream of the step,
viscoelasticity led to a slight downstream shift of the main recirculation bubble and a
slight upstream shift of the flow reattachment point relative to the Newtonian behavior.
In terms of turbulent quantities, the viscoelastic flows showed a reduction of the
turbulence intensity of the smaller scales as surmised from the reduction of mean vorticity
fluctuations and confirmed through the observations of the instantaneous enstrophy field
and the second invariant of the velocity gradient.

Keywords: backward-facing-step, DNS, turbulent flow, FENE-P fluid
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Polymer Rheology (solution, gels, solids, melts and composites)

Percolation-driven rheology—function coupling in polycarbonate/CNT-CB
nanocomposites: balancing processability and electrical connectivity for haptic
components

I. Santana'” and M. Mendinueta®
! Sustainable Composites and Functional Polymers, Gaiker Technology Centre (Spain)
*Contact person: ismael.santana@gaiker.es

Electrically conductive polycarbonate (PC) nanocomposites containing multiwalled
carbon nanotubes (CNT), carbon black (CB) and hybrid CNT+CB systems were
investigated by smallamplitude oscillatory shear (SAOS) at 275 °C (linear regime),
electrical conductivity, mechanical testing and melt flow index (MFI).

Increasing CNT loading (=3-5 wt%) produced a solid-like response with a low-frequency
storagemodulus plateau and decreasing tan o, consistent with the establishment of a
mechanically percolated network. Quantitatively, at 1 rad-s™', G’ increased from 7.8x10*
Pa to 2.7x10° Pa, while tan & decreased from 0.119 to 0.099; the electrical conductivity
rose from 9.3x1073 to 1.23x10™" S-cm™ and MFI dropped from 84 to 19 cc/10 min,
evidencing the trade-off between connectivity and processability [1].

CB required higher contents (=15-25 wt%) to achieve rheological percolation; under
these conditions, G" at 1 rad-s™" increased from 4.5x10* to 3.5%10° Pa with conductivity
gains exceeding two orders of magnitude. At equal total loading, CNT+CB hybrids
displayed higher G’ and more elastic character than the single-filler systems, indicating a
cooperative network under our processing conditions.

Flow-modifying additives significantly reduced complex viscosity in the processing-
relevant frequency range while preserving the elastic network responsible for electrical
functionality. Combining a flow additive with an impact modifier mitigated the loss of
connectivity. Processing by extrusion led to a slight decrease in G’ but improved
conductivity, in line with flow-induced orientation/structural-memory effects and the
ensuing electrical anisotropy.

Overall, linear viscoelastic descriptors (G, tan 8) act as quantitative, predictive indicators
of microstructural connectivity and electrical performance, providing a practical route to
engineer the balance between processability, stiffness and functional anisotropy in
conductive  thermoplastic  nanocomposites for  haptic  applications  (e.g.,
thermoforming/overmolding of active inks and inserts).

Keywords: Rheological percolation; polycarbonate; carbon nanotubes; carbon black; electrical
conductivity.

Acknowledgements: This research was funded by the Basque Government through the
ELKARTEK Programme, managed by SPRI (Basque Business Development Agency), under
project HAPTIC [grant number KK-2025/00104].

References:

[1] P. Poétschke, T.D. Fornes, D.R. Paul, ‘Rheological behavior of multiwalled carbon

nanotube/polycarbonate composites,” Polymer 43 (2002) 3247-3255. https://doi.org/10.1016/S0032-
3861(02)00151-9.

38


mailto:ismael.santana@gaiker.es

!BIREC

ferrol 2026~

Rheology, Texture and Oil Binding Capacity of Methylcellulose-Based Rapeseed
Oil Oleogels
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The food industry is increasingly exploring healthier substitutes for solid fats, especially
trans and saturated types, which are linked to higher LDL cholesterol levels and
cardiovascular risk. Structured liquid oils, known as oleogels, have emerged as a
promising alternative [1]. This study characterized rapeseed oil oleogels structured with
methylcellulose (MC, 4000 cP), evaluating the feasibility of this gelator. Oleogels were
prepared via the emulsion-template method using 50% w/w oil-in-water emulsions. After
emulsion formation, samples were dehydrated by convective drying (80°C, 10% RH) and
homogenized to obtain the final oleogels. The final MC concentrations in the oleogels
were 2.9, 3.8 and 4.7% w/w.

Rheological properties of the oleogel were evaluated at 25°C through strain (0.01 to 1%
at 6.3 rad/s), frequency (0.63 to 63 rad/s at 0.1% strain), and temperature sweeps (25 to
80°C at 0.1% strain, 6.3 rad/s and 3°C/min) using a 50 mm parallel-plate geometry
(1.5 mm gap). Texture profile analysis (TPA) was assessed with a 25 mm cylindrical
probe (5 kg load cell), compressing samples to 50% of height. Oil binding capacity (OBC)
was determined by centrifugation at 13,500 rpm for 25 min.

As expected, all oleogels showed gel-like behaviour (G" > G’’, with damping factor
around 0.1) in the tested angular frequency range. Both moduli increased with MC
concentration, indicating stronger three-dimensional networks with improved oil
entrapment. Frequency sweeps exhibited low dependence on frequency, reflecting
strongly structural organization and stability. Minimal moduli changes during heating and
cooling confirmed the thermal stability of the gels. On the other hand, TPA results
revealed that hardness increased from 4.7 to 8.4 kPa with MC concentration, while OBC
improved from 67 to 79%. These results are consistent with rheological trends,
confirming that higher MC concentrations produce stiffer and harder oleogels with
improved oil retention. Therefore, the production of MC-based oleogels using the
emulsion-templated approach represents a novel and promising alternative to more
commonly used cellulose derivatives, such as hydroxypropyl methylcellulose (HPMC).
Keywords: gel, hydrocolloids, rapeseed oil, thermal stability, viscoelasticity.
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Dielectric Characterization of Oriented PPVDF Films
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Piezoelectric materials constitute a class of functional compounds capable of coupling
mechanical and electrical fields through their anisotropic structure. They generate an
electric response under applied mechanical stress and, conversely, undergo dimensional
changes when subjected to an electric field. These electromechanical effects are strongly
direction-dependent, since the normal stresses, volumetric variations, and electrical
currents occur along preferential orientations within the material.

In this work, a methodology for the characterization of piezoelectric polymers using a
rotational rheometer equipped with normal force control is proposed. The rheometer
enables the application and measurement of axial stresses as well as the detection of
thickness variations associated with electrically induced deformation. The Impedance
Spectroscopy (IS) fixture, applies the electric potential in the horizontal plane, thus
generating an electric current perpendicular to the axial (Zaxis) mechanical loading. This
orthogonal arrangement enables the study of directional electromechanical coupling. And
also is able to apply a current parallel to the Z-Axis allowing a more complete impedance
characterization.

Poly(vinylidene fluoride) (PVDF), a polymorphic polymer known for its piezoelectric
behavior, is selected as the model material. The proposed approach allows the
simultaneous evaluation of mechanical response, electrically induced deformation, and
dielectric properties under controlled field orientation. This methodology provides a
versatile framework for investigating structure— property relationships in piezoelectric
polymers and for assessing their anisotropic electromechanical performance using a
single instrument.

Keywords: piezoelectricity, PVDF, rheometry, impedance spectroscopy, electromechanical
coupling
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Crosslinking time and genipin concentration effect in rheology and printability of
chitosan bioinks.
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3D printing is an innovative technology that allows obtaining structured objects from
numerous materials. Although, it requires bioinks with carefully balanced rheological
properties to ensure smooth extrusion and structural fidelity after deposition [1], [2]
This study aims to evaluate the potential of chitosan (CH) solutions as bioink using
rheological analysis. First, a strain sweep test was conducted to define the linear
viscoelastic range (LVR). Secondly, a low amplitude oscillatory stress test (SAOS) was
performed to determine the storage modulus (G') and the loss modulus (G") as a frequency
function. Thirdly, a shear flow test was performed to study the apparent viscosity () from
the relationship between the shear stress () and the shear rate (y).
Rheological data indicated that a 2.50% chitosan is the most promising formulation,
although its behaviour alone is not suitable for 3D printing, thus requiring crosslinking
agents. Therefore, genipin (GNP) was used to strengthen the chitosan gel network, and
its effect was analysed focusing on crosslinking time, which depends on the crosslinker
concentrations (0.04-0.20% wi/v).
While CH-GNP crosslinking has been extensively investigated, the influence of
crosslinking time on printability has not yet been quantitatively addressed. In this study,
the effect of crosslinking time was analysed using frequency sweep, flow, and
rheokinetics tests, complemented by spectrophotometric monitoring of intermediate and
final reaction products. The results demonstrate that the printability window can be
predicted from specific rheological parameters, which vary as a function of crosslinking
time and GNP concentration.

Printed scaffolds exhibited superabsorbent properties, with swelling capacity in water

above 10 g H2O/g dry material, reinforcing their suitability for tissue engineering.

Overall, this work provides a predictive framework linking rheology, crosslinking

kinetics, and printability, enabling rational design of CH-GNP bioinks.

Keywords: chitosan, genipin, rheology, printability, crosslinking time.
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Characterisation of Recycled Dacron/Glass Fibre Polyester Composites Under
Impact Loading
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Most sailing boat sails are made of Dacron, a woven polyester-based fabric finished with
a resin treatment that hinders traditional recycling routes. Currently, there is no
straightforward method to recycle used sails, and boat owners typically replace them
every five years on average, discarding the old ones. This work explores alternatives to
give a second life to this valuable material. In this study, recycled Dacron is used as
reinforcement in a glass-fibre composite, and its impact resistance is assessed.

Recycled Dacron and glass-fibre fabrics are arranged in different stacking sequences and
bonded with a polyester-resin matrix. The impact response is evaluated using Charpy tests
in accordance with UNE-EN 1SO 179-1 [1]. The absorbed impact energy and the specific
Impact resistance (energy-to-weight ratio) are analysed to determine how the laminate
architecture influences composite toughness.

To elucidate the underlying mechanisms, macroscopic and microscopic failure modes are
examined, focusing on matrix viscoelastic deformation, fibre—matrix debonding, fibre
pull-out and interlaminar delamination. The study provides insight into how recycled
polymeric reinforcements modify the dissipative behaviour of composite laminates,
highlighting their potential for lightweight, impact-resistant and circular-economy-
oriented engineering materials [2], [3], [4].
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Linear and non-linear viscoelastic analysis of dynamic hydrogels
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Viscoelastic hydrogels have become an essential class of synthetic biomaterials due to
their capacity to replicate key structural and mechanical features of natural tissues. Their
ability to retain substantial quantities of water through a permanently crosslinked
network, together with their intrinsic stress-relaxation behavior, enlarged the capacity of
conventional hydrogels in tissue engineering, drug delivery, and related biomedical
applications. Among the various design strategies, dynamically crosslinked hydrogels
provide a particularly effective strategy for tailoring rheological properties.[1]
Nevertheless, the specific influence of underlying chemical exchange processes on the
macroscopic viscoelastic response remains insufficiently understood.

To address this limitation, we investigated hydrogels incorporating reversible metal-
sulfur interactions within a disulfide-crosslinked polymer network, with the aim of
elucidating how exchangeable crosslinks govern hierarchical viscoelastic behavior. [2] In
this study, both the linear and nonlinear viscoelastic regimes were systematically
characterized through different experimental protocols. As a main result, small- and large-
amplitude oscillatory shear experiments reveal two dominant relaxation modes associated
both to metal-thiolate exchange and metal-metal rearrangements.

Keywords: viscoelasticity, hydrogels, dynamic bonds, metal-thiolate interactions
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Rheology-Driven Printability Assessment of PLA/Coffee Husk Biocomposites for
FFF, with Reproducible Creep Mastercurves via Time—Temperature
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Valorisation of agricultural residues in thermoplastics supports circular material strategies
in additive manufacturing. In this work, coffee husk waste (2.5 and 5 wt%) was
incorporated into poly(lactic acid) (PLA) to develop sustainable biocomposites for fused
filament fabrication (FFF). Although PLA is widely adopted in FFF due to its biobased
origin and ease of processing, it is inherently prone to creep because of its relatively low
glass transition temperature, limiting longterm dimensional stability under sustained load.

Linear viscoelastic behaviour was investigated by small-amplitude oscillatory shear over
frequencies and temperatures relevant to extrusion and FFF. Complex viscosity, storage
and loss moduli (G, G"”), and crossover behaviour were analysed to correlate melt
elasticity and shearthinning response with filament stability and print quality [1]. Coffee
husk addition modified the low-frequency viscoelastic spectrum, influencing melt
strength and processing robustness. Creep behaviour was assessed according to 1SO 899-
1:2017, and time-temperature superposition (TTS) was applied to construct long-term
mastercurves. Mastercurves were generated using the mastercurves Python package,
which employs Gaussian Process Regression with Maximum a Posteriori estimation for
statistically consistent shift-factor determination [2]. To promote transparency and
reproducibility, an open-source Python-based software tool for standardized creep
analysis, mastercurve construction, and shift-factor export is provided as part of this work.

The combined rheological and creep analysis establishes a direct link between
formulation, printability, and long-term mechanical stability, supporting the development
of circular, performance-aware PLA-based materials for additive manufacturing.
Keywords: PLA, Creep, FFF

Acknowledgements: This work was supported by national funds from INOV.AM WP23.
References:

[1] Acierno, D.; Patti, A.; et al. Fused Deposition Modelling (FDM) of Thermoplastic-Based
Filaments: Process and Rheological Properties—An Overview. Materials (2023).

[2] Lennon, K. R.; McKinley, G. H.; Swan, J. W. A data-driven method for data superposition with
applications in soft matter science. Data-Centric Engineering (2023).

44


mailto:luca.gasperini@piep.pt

!BIREC

ferrol 2026~

Correlating Structural Evolution and Viscoelastic Behaviour of PLA During Cold
Crystallization via Combined RheoRaman Analysis

F. Meyer'” and M. Ries?

!Material Characterization, Thermo Fisher Scientific, Karlsruhe (Germany)
2Advanced Molecular Spectroscopy, Thermo Fisher Scientific, Dreieich (Germany)
*Contact person: fabian.meyer@thermofisher.com

Polylactic acid (PLA) is among the most widely used bio-based and industrially
compostable polymers and is employed in applications ranging from packaging to
additive manufacturing. Due to its renewable origin and its compatibility with mechanical
and chemical recycling routes, PLA plays an important role in the development of
sustainable polymer systems. A processing-relevant phenomenon that critically
determines its performance is cold crystallization, which influences mechanical
properties, thermal stability, and reprocessability.

In this work, the cold crystallization behaviour of PLA is examined by simultaneously
applying rheological measurements and Raman spectroscopy. Temperature-dependent
rheological experiments reveal a pronounced increase in the viscoelastic moduli upon
heating above the glass transition temperature and below the melting temperature,
reflecting the transition from an amorphous to a semicrystalline morphology. Concurrent
Raman measurements provide molecular-level insight, indicated by increased intensities
of crystallinity-sensitive bands and systematic shifts of characteristic C-C and C-O
stretching vibrations associated with chain rearrangement and structural ordering. The
simultaneous acquisition of rheological and spectroscopic data enables a direct
correlation between macroscopic mechanical transitions and molecular-scale structural
evolution.

The combined rheo-spectroscopic methodology presented here represents an effective
analytical approach for elucidating the mechanistic aspects of cold crystallization in PLA.
By establishing structure—property relationships, this approach can support the
optimization of processing conditions and contribute to an improved understanding of
thermomechanical reprocessing in thermoplastic biopolymers.

Keywords: Polylactic Acid (PLA), Cold Crystallization, Rheo-Raman Spectroscopy
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In recent years, thermoresponsive hydrogels have gained significant attention in drug
delivery systems as promising platforms for controlled-release applications [1]. Their
ability to reversibly transition from liquid to gel in response to temperature enables
localized and sustained release of anticancer agents [2], making intratumoral injection an
attractive strategy for delivering therapeutics directly to the tumour site while minimizing
systemic exposure [3]. However, challenges in drug distribution, retention, flow control
during injection, and stability limit clinical use. Achieving a balance between low
viscosity and rapid structural reinforcement at body temperature is crucial. This study
aimed to develop an in situ thermoresponsive hydrogel and establish correlations between
viscoelastic behaviour, injectability, adhesion, and performance.
To accomplish that, oscillatory rheological analysis was performed to determine the sol-
gel transition temperature (Tsol—gel). This enabled the development of formulations with
a welldefined Tsol-gel transition within the optimal range between room and
physiological temperatures, ensuring injectability prior to administration and rapid
gelation at 37 °C. Steady shear assays confirmed pronounced shear-thinning behaviour,
supporting reduced extrusion forces during injection. Adhesive and mucoadhesive
strength tests showed high area under the force-time curve values, indicating strong
interfacial adhesion in vitro, while ex vivo assays using tumour tissue confirmed improved
retention under biologically relevant conditions. Extrudability studies confirmed
controlled and reproducible injection behaviour, characterized by low peak extrusion
forces across different needle gauges. In vitro release studies were also performed to
acquire the anti-cancer drug release profile. Finally, a preliminary in vivo magnetic
resonance imaging monitoring demonstrated localized retention of the hydrogel after
injection and confirmed a tendency of post-administration tumour reduction, supporting
the functional performance of the rheologically optimized system.
These findings position rheology as a predictive engineering tool, directly linking
viscoelastic design with in vivo therapeutic performance.
Keywords: in situ, thermoresponsive hydrogel, intratumoral injection, cancer therapy
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Emulsions
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Latent heat thermal energy storage (LHTES) systems based on phase change materials
(PCMs) have attracted increasing attention due to their potential to enhance the efficiency
of renewable energy technologies. Among these systems, non-aqueous Pickering
emulsions have emerged as promising candidates, as they combine the high energy
density of latent heat storage with the operational advantages of fluid media [1]. The
adsorption of solid nanoparticles at the liquid—liquid droplet interface not only inhibits
coalescence by forming a rigid interfacial layer but also alters the bulk rheological
behavior of the emulsions, thereby influencing their resistance to deformation and
structural rearrangement.

The long-term performance of PCM emulsions is a key issue for their practical
implementation in thermal energy storage systems. While significant efforts have so far
been devoted to the development of new formulations with tailored compositions, the
next critical step is to assess their stability over extended operating conditions in order to
identify the main limitations and aspects requiring further improvement prior to practical
deployment. To this end, long-term thermal cycling (up to 100 DSC heating—cooling
cycles), statical storing microscopy and thermo-rheological cycling analyses was
performed to assess both physical stability—defined as resistance to droplet coalescence,
phase separation, and long-term structural changes—and thermal stability, understood as
the retention of latent heat capacity during repeated melting—solidification processes [2].

This work presents the kinetic and thermal stability analysis of a paraffin-based (melting
point 5860°C) emulsion with a thermally stable non-aqueous phase. The results
demonstrated that the emulsions exhibited a significantly dominant elastic response,
suggesting a robust internal structure. Furthermore, these systems were able to preserve
their original morphology even after undergoing repeated crystallization-melting cycles.
Optical imaging analysis revealed a set of spherical droplets uniformly distributed
throughout the continuous phase; notably, both this distribution and the droplet shape
were maintained without signs of phase separation after one month of storing. Finally,
DSC analysis confirmed that the latent heat capacity remained constant over 100 heating—
cooling cycles, highlighting the excellent thermal reliability and long-term stability of the
system.

Keywords: Rheology-stability emulsions, Nanoparticle-stabilized PCM emulsions, Latent heat
thermal energy storage.
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The energy transition requires drilling operations that are not only technically efficient
but also environmentally responsible. In this context, the development of sustainable
drilling fluids represents a key lever for reducing the environmental footprint of
subsurface energy activities, including conventional hydrocarbons, geothermal systems,
and emerging underground energy technologies. Rheology plays a decisive role in this
transformation, as flow behaviour governs hydraulic efficiency, cuttings transport,
wellbore stability, and overall operational reliability [1].

This contribution discusses the fundamental rheological aspects that underpin the design
of sustainable drilling fluids. Particular attention is given to shear-dependent viscosity,
yield behaviour and viscoelastic properties under conditions representative of drilling
operations [2]. The effects of temperature, pressure, and shear history on structural
stability and flow performance are considered, highlighting the challenges associated with
maintaining predictable rheological response in complex downhole environments.

Ensuring an optimal balance between pumpability, suspension capacity, and structural
robustness remains central to fluid engineering. Advancing structure-rheology
understanding will enable the formulation of drilling fluids that meet operational demands
while supporting decarbonisation strategies and responsible resource development within
the broader framework of the energy transition.

Keywords: Sustainable drilling fluids; rheology; HT-HP performance; Structure-property
relationships
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Advances in cosmetic science and formulation technologies have expanded the global
skincare market by enabling the development of multifunctional products that address the
rising consumer awareness of skin health. These innovations have also transformed
skincare routines into more sensory-rich experiences. In this context, agro-industrial lupin
by-products are a promising source of bioactive compounds with surface-active and
antioxidant properties [1]. These compounds can improve foam formation and stability
in mousse formulations and may offer skin benefits. This study evaluated the
incorporation of lupin extracts, obtained by subcritical water extraction, as
multifunctional ingredients in oil-in-water facial mousses. After emulsification, the
formulations were mechanically aerated and required over 7 days to reach their final
texture. A control and a lupin-based formulations were prepared to compare their
rheology, texture and microstructure. Rheological tests (Kinexus Lab®™ Rheometer,
Malvern Instruments, UK) measured dynamic viscosity and oscillatory behavior, while
texture analysis (Texture Analyser, Stable Micro Systems, UK) assessed mechanical
parameters. Microstructural visualization (Micro-CT) was performed using a X-ray
microtomography system (NeoScan N60, NeoScan, Belgium), and 3D images were
reconstructed using the FDK algorithm. All formulations showed shear-thinning
behavior. The control formulation had higher viscosity and elastic moduli (G'> G") than
the lupin-based formulation, indicating a predominantly cream-like structure. The
addition of lupin extract reduced overall elasticity, likely due to interactions between
phenolic and water-soluble compounds and emulsifiers. Texture profile analysis revealed
that the lupin-based formulation had a more fluid, softer and adhesive profile, which
supports the uniform spreading and pleasant feel during application. This work is part of
an ongoing study on the structural and efficacy behavior of lupin-based mousse
formulations over time. Micro-CT results suggested that lupin extract contributed to the
formation of homogeneous bubbles and helped stabilize the entrapped air when compared
to the control formulation. Overall, the results indicate that lupin extract can serve as a
multifunctional cosmetic ingredient that influences both the internal structure and sensory
properties of mousse formulations, supporting the development of sustainable,
lightweight facial mousses with desirable sensory performance and stability.
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Growing concerns about global food security have increased interest in incorporating
seaweed into food products. This interest is driven not only by its nutritional value i.e.
including dietary fibre, unsaturated fatty acids, and protein, but also by the functional
properties of its polysaccharides. Seaweed-derived polysaccharides have long been used
in the food industry as viscosifiers and gelling agents. However, the successful use of
whole seaweed as an ingredient requires a fundamental understanding of how processing
conditions influence cell wall structure and, consequently, rheological behaviour [1].

This study investigates the structuring capacity of whole seaweed agueous suspensions
derived from brown, red, and green species. The aim is to understand how differences in
cell wall polysaccharide composition, and particle concentration, govern their behaviour
as soft matter systems. Particular attention is given to suspensions containing intact or
partially disintegrated cellular structures, linking their natural complexity to
microstructure and rheological performance relevant to food physicochemical properties
and functionality. Aqueous suspensions were prepared through mechanical processing,
and rheological analyses were conducted to evaluate flow behaviour and viscoelastic
properties over an extended concentration range. Three distinct regimes (dilute,
intermediate, and concentrated) were identified, and the transitions between them were
investigated using soft particle rheology models.

Results demonstrate that variations in native composition and structure strongly influence
the formation of viscous networks. Overall, this project supports the development of
resilient and sustainable food systems by advancing the understanding of whole seaweed
suspensions as minimally processed ingredients. By applying a soft matter framework, it
establishes structurefunction relationships that enable rational texture design. The
findings open new opportunities to harness the natural polysaccharide diversity of
seaweeds for structuring and stabilisation, while contributing to fundamental knowledge
of algal cell wall organisation.
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Bigels (BGs) are emerging as versatile hybrid systems that integrate two distinct phases:
a hydrophilic hydrogel (HG) and a lipophilic oleogel (OG) [1,2]. In this study, BGs were
designed as carriers for dual extracts obtained from carob fruit (CFEs), each with
complementary bioactive profiles. The first extract (I-CFE) is enriched in inositols, while
the second (P-CFE) contains phenolic compounds. Formulations were prepared at
HG:OG ratios of 70:30 and 30:70, using sodium alginate as the HG matrix and an OG
composed of olive pomace oil (OPO) and microcrystalline wax (MW). Three loading
strategies were explored: I1-CFE incorporated into the HG, P-CFE into the OG, and both
extracts distributed in their respective phases. A comprehensive characterization was
performed, including rheological, thermal, physicochemical, and microstructural
analyses. All BGs displayed solid-like viscoelastic properties, with enhanced rigidity in
formulations rich in OG (30:70). The presence of P-CFE in the OG phase reinforced the
structural network, while I-CFE in the HG phase contributed pseudoplasticity and
conformational flexibility, particularly in the absence of P-CFE. Interestingly, at 30:70,
both extracts acted synergistically, improving mechanical strength and network
organization. Thermal analysis highlighted the structuring role of MW, with melting
transitions between 40-50 °C. Color and stability were also influenced by extract
incorporation, and polarized light microscopy (PLM) confirmed the presence of
organized microstructures. This work provides the first evidence of the structuring
potential and interactive effects of dual carob extracts within BG matrices. All BGs
demonstrated promising fat-replacer properties, remaining self-standing for up to 21 days,
except for the 70:30 formulation without I-CFE. Overall, these findings underscore the
potential of CFE-loaded BGs as multifunctional fat replacers, opening new opportunities
for the development of healthier meat products with improved nutritional and functional
attributes.

Keywords: bigels, carob fruit extracts, olive pomace oil, microcrystalline wax, rheological
behavior
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The thick white fraction of albumen (TKEW) plays a fundamental role in preserving egg
quality and freshness during storage, yet its rheological behavior under different storage
conditions remains poorly understood [1,2]. This study investigated how chilling storage
time influences the viscoelastic properties of TKEW obtained from two commercial
genetic lines of laying hens (ISA-White, W; and ISA-Brown, B), with a particular focus
on the mechanisms of structural modification revealed through microstructural analysis.
Complementary quality parameters, including Haugh units (HU) and foaming properties
of albumen, were also assessed. Eggs were analyzed immediately after laying (day 0) and
following 15 and 30 days of chilled storage. Results demonstrated that chilling storage
duration affected the viscoelastic properties of TKEW differently depending on the
genetic line: W albumen exhibited an increase in gel strength, while B albumen showed
a progressive decrease. Microstructural observations confirmed that after 30 days, W
TKEW developed a more elastic but brittle network (lower tan ¢ and ymax), Wwhereas B
TKEW formed a weaker yet more deformable structure (higher ymax). These rheological
differences were reflected in the textural behavior of meringue batters prepared with
chilled whole egg white, where W-derived batters displayed greater stability but reduced
foam capacity compared to B-derived batters. Overall, the findings highlight that genetic
background significantly modulates the response of thick aloumen to storage, influencing
both its rheological and functional properties. The superior HU values and foam stability
observed in W albumen suggest potential advantages for industrial applications requiring
consistent egg white performance, while the higher foam capacity of B albumen may be
beneficial in formulations demanding greater aeration. The HU values were correlated
with increased viscoelasticity (lower tan d) of albumen. These insights contribute to a
deeper understanding of egg quality preservation and provide valuable guidance for
optimizing the use of albumen in food processing.

Keywords: thick egg white, viscoelastic properties, egg chilling storage, hen genetic line,
microstructure
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Swallowing disorders (dysphagia) are a consequence of a wide variety of medical
conditions. It mainly develops in elderly people, patients with neurological and
neurodegenerative diseases and patients with head and neck diseases [1], with prevalence
studies revealing very and increasingly high rates [2].

One of the main strategies in dysphagia management is the modification of the diet,
mostly consisting of thickening of liquid foods and softening/size reduction of solid
foods. However, there is a lack of uniformity in modification guidelines and objectively
quantifiable descriptors for dysphagia-oriented products [3,4]. In this regard, viscosity is
the preferred property for categorization of these products. However, even when the role
of viscosity in swallowing safety has been extensively demonstrated, there is also
evidence to suggest that it is insufficient, and that viscoelasticity, extensional viscosity,
texture profile or tribology (among others) may also play an important role [5,6].
Nonetheless, quantitatively describing a product in all these aspects requires a large
number of different parameters (several derived from each form of characterization),
which considerably limits the possibility of conducting clinical studies to evaluate its
influence in a comprehensive manner.

This is why this study has been focused on the formulation and in-depth rheological,
textural, and tribological characterization of model products showing different values of
all of these dysphagiarelated properties, to find any correlation existing between them
and thus reduce the number of descriptors to be considered in a future clinical study
addressing their influence on safe swallowing.
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Air classification is emerging as a sustainable alternative for obtaining protein
concentrates from legumes through dry fractionation. This method has a low
environmental impact and better preserves the functionality of native proteins [1],
resulting in ingredients with good technofunctional properties. Among these, the gelling
capacity stands out, which is critical in the design of complex colloidal matrices, such as
plant-based yogurt analogues. The design of this type of food represents a key innovation
in the creation of sustainable diets with high nutritional value. The objective of this work
was to develop gels based on fermented faba bean (Vicia Faba L.) concentrate and study
their formation kinetics and viscoelastic properties. For the preparation, an aqueous
dispersion of bean concentrate (1:18) was pasteurized at 73°C for 10 min, adding sugar
and hydrocolloids (agar-agar, xanthan gum, and guar gum). The mixture was
homogenized (9500 rpm, 2 min), cooled to 43 °C, and inoculated with lactic acid bacteria
(YoFlex 5.0 Premium). In addition, yogurt-like products were prepared by adding 120
mg of calcium per 100 g of final product using different calcium salts (i.e., chloride,
sulfate, or carbonate). The acidification kinetics (pH vs. time) were recorded for 20 h at
41 °C. The evolution of the storage modulus (G') and loss modulus (G") was analyzed in
situ within the linear viscoelastic region (LVR) using a rough parallel plate rheometer (60
mm, gap 1000 um) at 41 °C for 5 h. The results showed high metabolic activity of lactic
acid bacteria, reflected in a rapid decrease in pH. The study of rheological properties
showed an exponential increase in G', while G" increased slightly. This behavior would
indicate the formation of a protein network induced by progressive acidification, resulting
in an elastic gel with robust characteristics, high firmness, and structural rigidity. The
rheological properties obtained in the gels (G', G") were appropriate and similar to those
of traditional commercial yogurt. The addition of calcium increases the values of both
modules, although this depends largely on the source of calcium used. The proposed
protocol enabled the development of a yogurt-like food product with high microbiological
safety, total absence of pathogens, and very low levels of microorganisms indicative of
contamination throughout the storage period studied.

Keywords: Air classification, proteins, gelling capacity, Vicia Faba L., kinetics properties,
viscoelastic properties.
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In recent years, natural products with beneficial properties for human health have gained
increasing interest due to the growing demand for functional foods. Among these
products, orange peel has gained attention as a valuable by-product owing to its
antioxidant, anti-inflammatory, and antimicrobial properties. Orange peel represents a
rich source of bioactive compounds, including limonoids, enzymes, dietary fibers,
carotenoids, and phenolic compounds [1].

In the present study, orange peel was incorporated into injection-moulded oat flakes
snacks to fortify the product and enhance its nutritional and functional properties.
Compared to other major cereal categories, oat flakes contain a relatively high protein
content (15-20%) and superior protein quality in terms of amino acid composition. From
a nutritional perspective, oat proteins exhibit high digestibility and biological value.
Additionally, oats are naturally gluten-free, making them suitable for the development of
food products intended for individuals with celiac disease [2].

To characterize the developed snacks, several experimental trials were conducted.
Initially, the optimal oat flakes-glycerol ratio and processing temperature were selected
by injecting different formulations and evaluating their rheological and mechanical
properties. The results indicated that the optimal system corresponded to oat flakes—
glycerol ratio of 75:25, processed at 150 °C. Subsequently, orange peel was incorporated
into this system at concentrations ranging from 5 to 15%, and the rheological and
mechanical properties were further analysed.

Additionally, the antioxidant capacity, phytic acid content, in vitro digestibility, and
glycemic index were evaluated. The results demonstrated that the incorporation of orange
peel resulted in a strengthening of the snacks (i.e., higher elastic modulus and lower loss
tangent) and enhanced their functional and nutritional profile, highlighting their potential
as a functional food product.
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One of the primary social concerns is the challenge that food systems face in responding
to the global demand for protein. Among the novel protein sources, plant-based milk
alternatives (and more specifically those based on legumes, such as lupin) represent a
promising solution. However, addressing this challenge requires not only reliable nutrient
sources but also the development of environmentally sustainable processing technologies
that preserve nutritional quality. High-pressure homogenization (HPH) is a widely used
food processing technology in which a fluid is forced through a very narrow gap,
generating a pressure drop (AP), subjecting the fluid to intense forces and hydrodynamic
phenomena, such as high shear, cavitation, turbulence, and impact. Temperature increases
due to friction and Joule—-Thomson effects may occur. These pressure and temperature
fluctuations can induce protein denaturation [1], potentially leading to viscosity changes.

Preliminary studies with untreated white lupin flour were conducted to identify a
concentration at which small variations do not affect DSC measurements. A concentration
of 3 mg/mg (water/flour) was selected, at which a denaturation peak appears with an onset
temperature of 83.6 °C. Samples pre-processed in high shear homogenization (HSH) and
processed in HPH at pressure drops up to 100MPa were lyophilized and measured using
a standard DSC to study the effect of processing conditions on denaturation. Untreated
samples were measured in a pressure-controlled micro-DSC at pressures up to 70 MPa to
study the effect of pressure on the denaturation.

The viscosity of dispersions with 5% lupin flour concentration, processed by HPH at
different pressure drops, was measured using flow ramp tests on a rotational rheometer
with a vane geometry. The processed dispersions showed shear-thinning behaviour and
an increase in viscosity with the increase of applied pressure drop during processing.
Additionally, temperature ramp rheological tests were performed to investigate how
viscosity changes with temperature and to link rheological shifts to protein denaturation.
Overall, the combined thermal and rheological analyses provide insight into the role of
HPH-induced structural modifications of lupin proteins and their impact on the flow
behaviour of lupin-based systems.

Keywords: High-pressure homogenization, Food dispersions, Protein denaturation, Shear
thinning
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Generic drug products are based on their bioequivalence respect to innovative medicines,
which exact composition is often unknown. Nevertheless, when considering topical
products as creams, rheological properties are critical for pharmaceutical equivalence and
dependent of the excipients used. It has been shown that these properties presented large
variability and temporal variation [1].

The objective of this work was to investigate rheological properties and drug release of
three noncommercial O/W emulsions prepared in our laboratory, 1 and 6 weeks after
elaboration, to analyse their evolution. Neo PCL was their oil phase: two emulsions with
different percentage of Neo PCL (20% and 40%) and an emulgel (20% Neo PCL). In all
cases 1kg was prepared, containing 11.6g of diclofenac, an anti-inflammatory drug.

Rheological characterization included flow curves, thixotropy loops, stress and frequency
sweeps in SAOS and creep-recovery tests. The rheometer used was a RheoStress RS1,
Thermo ScientificHaake®, connected to a thermostatic bath set at 20 + 1°C to resemble
the room temperature in storage. The diclofenac release was measured using Franz cells.
Droplet size was also investigated by optical techniques.

As expected, all formulations demonstrated their viscoelastic behaviour. The strong fluid
nature of 20% Neo PCL emulsion, would not make it adequate for normal use even
though it was the formulation which released the highest amount of diclofenac. The 40%
Neo PCL emulsion provided the slowest diclofenac release rate, due to its high viscosity.
The emulgel had an intermediate nature, between the two emulsions, that made it the the
most suitable for usage giving its high viscosity, but yet it had a moderate diclofenac flux
rate.

Keywords: emulsions, drug release, bioequivalence, microstructure.
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The widespread of celiac disease diagnosis is increasing the demand for gluten free
products. Typically, liquid batters rather than doughs are obtained in the absence of
gluten, so that the development of gluten free pasta products is a great challenge for the
food industry [1]. To enhance the nutritional profile of gluten-free products, the industry
increasingly incorporates legumes, pseudocereals, and sprouted flours. Concurrently,
hydrothermal treatments, such as starch pregelatinization, are employed to optimize water
absorption and holding, effectively reinforcing the protein-starch matrix for firmer pasta
development [2]. In this context, this research study aims to compare the viscoelastic
properties as well as their evolution with key parameters such as drying time, of three dry
gluten-free pastas: one made with a blend of native flours (rice 40%, buckwheat 33%,
yellow pea 17%, and chia expeller 10%),another one in where the native rice flour was
replaced with pregelatinized flour, and a third in which 50% of the native buckwheat and
pea flours were replaced with their respective sprouted flours. A commercial gluten free
pasta was used as benchmark.

Dynamic Mechanical Analysis (i.e., strain and frequency sweep tests) and uniaxial tensile
tests (RSA I11) were performed during the drying stage at different times (0; 3; 4.5; 5; 5.5;
6; 6.5 h) starting from fresh doughs to evaluate their effect on rheological properties.

These findings correlate pasta formulations with water loss and the formation of a stable
glassy matrix. This is critical for enhancing the mechanical integrity of gluten-free pasta.
Keywords: gluten free pasta, buckwheat, pea, chia, rheology
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The valorisation of seafood-processing by-products is essential for circular economy. In
this context, chitosan obtained from crustacean biowastes has gained interest due to its
biodegradability, biocompatibility and functional properties. Nevertheless, its surface
activity is often considered limited because of its predominantly hydrophilic nature,
although recent studies have demonstrated that chitosan may exhibit enhanced interfacial
behaviour under specific conditions [1].

This work investigates the influence of molecular weight (MW) and degree of
deacetylation (DD) on the surface and interfacial behaviour of chitosan extracted from
red crayfish (Procambarus clarkii) shell biowaste. Chitosan samples with different MW
and DD were produced by controlled alkaline deacetylation of chitin obtained from
crayfish shells. Aqueous chitosan solutions were prepared in acetate buffer at high ionic
strength, and their surface properties were analysed by equilibrium surface tension
measurements, adsorption Kinetics, and surface dilatational and shear rheology at the air—
water interface.

The results showed that chitosan exhibits significant surface activity under high ionic
strength conditions, in agreement with previous reports describing the formation of
chitosan aggregates and their adsorption at fluid interfaces [2]. Increasing polymer
concentration led to a marked reduction in surface tension until a saturation plateau was
reached. Chitosan with higher molecular weight and lower degree of deacetylation
displayed faster adsorption kinetics and enhanced interfacial elasticity, which was
associated with a greater tendency to form aggregates in the bulk phase. Surface
rheological measurements revealed a predominantly elastic, solid-like behaviour of the
adsorbed chitosan layers, indicating the formation of structured interfacial films.

Overall, these findings demonstrate that the surface activity of chitosan can be tailored by
controlling its molecular characteristics, supporting its potential application as a
hydrophilic Pickering-type stabiliser. The use of crayfish biowaste as raw material further
highlights the sustainability and industrial relevance of this approach.

Keywords: chitosan; biowaste valorisation; surface activity; molecular weight; degree of
deacetylation
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Oleogels are getting increasing importance in the topic of fat healthy alternatives. They
are suitable because they have solid texture together with low amount of saturated fatty
acids. They are composed of a liquid vegetal oil with low saturated fatty acids and an
oleogelator.

One of the methodologies to obtain oleogels is the emulsion template approach. In this
process the first step is the preparation of an o/w emulsion composed of liquid oil, water
and an oleogelator, which acts as emulsifier and stabilizer of the emulsion. In the second
step, the emulsion is completely dried and after shearing an oleogel structure with high
oil retention capacity is obtained composed of oil and the oleogelator.

The possible influence of the emulsion properties and structure in the oleogel
functionality have not been studied before.

In this study the structure and properties of legume protein emulsions and the
corresponding oleogels obtained through the emulsion template approach were
investigated and the relationship among both structures analyzed. In particular, the effect
of protein concentration and pH of the initial emulsion in the rheological, microstructure
and oil retention properties of the oleogels were investigated.

Keywords: oleogel, emulsion, faba bean protein, legume, rheology, structure
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Fibre-loaded low-oil content salad dressings can be formulated and produced without
emulsifiers based on animal proteins, like dairy or egg proteins, to match the increasingly
important market of vegans. In this study, sodium octenyl succinate starch (OSA-starch)
was used as emulsifier. OSAstarch can form Pickering emulgels, whose physical stability
and nutritional profile can be enhanced by the incorporation of mechanically treated
flaxseed fibre.

According to data obtained with a force tensiometer equipped with a Wilhelmy plate, the
commercial OSA-starch yielded modest drops of surface and interfacial tension. Its role
as emulsifier was also studied by interfacial shear linear dynamic viscoelastic tests with
a controlledstress rheometer using the double-wall ring (DWR) geometry.

Interfacial linear oscillatory viscoelastic measurements were conducted as a function of
time to check that the interface had reached the adsorption thermodynamic equilibrium
prior to conducting further rheological tests. Oscillatory torque sweeps were run at a
constant frequency to determine the linear viscoelastic range (LVR). The frequency
dependence of the interfacial linear viscoelastic functions was studied within the LVR in
the (0.01-0.1) Hz range. The influence of OSA-starch concentration on the interfacial
oscillatory linear viscoelastic functions was studied in a concentration range whose lowest
concentration challenged the rheometer accuracy. In all cases, the interfacial storage (G’;)
modulus was greater than the loss (G’’j) modulus throughout the entire frequency range
studied, and both functions exhibited a flat frequency dependence in the log-log plot. This
result is consistent with the occurrence of a “gel-like” elastic interfacial film, indicating
the feasibility of producing an emulgel-like salad dressing.

The bulk rheological behaviour of the emulgel was typical of weak gels. A series of time-
dependent SAQOS, nonlinear creep, and recovery SAOS tests were conducted, and the
limiting shear stress that guaranteed the emulgel’s structural recovery was determined.
According to laser diffraction data, the lack of full recovery at higher shear stresses was
not due to a change in particle size distribution. Therefore, we conclude that the
irreversible loss of structure can be attributed to the irreversible and partial breakdown of
the flaxseed fibre network.

Keywords: Interfacial rheology, viscoelasticity, nonlinear creep, rheokinetics, dietary fibres
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In the ongoing pursuit of innovative, healthy, and sustainable food design, the food
industry has shifted its focus towards natural ingredients that bridge the gap between
nutritional value and technological functionality [1]. Among these, citrus fibre has
emerged as a highly interesting multifunctional ingredient owing to its rich composition
of dietary polysaccharides and its significant phenolic content. Furthermore, as a primary
byproduct of the citrus processing industry, its integration aligns with the principles of
circular economy, offering a strategic pathway to mitigate agro-industrial waste while
enhancing food quality. While citrus fibre offers significant nutritional value, its
functional performance in multiphase systems is often limited by compact cellular matrix.
Physical modification via mechanical treatments, such as microfluidization, has emerged
as a powerful strategy for overcoming these constraints. This process induces cellulose
defibrillation and expands the porous structure of the fibre, significantly increasing its
specific surface area and water-holding capacity. This mechanical treatment enables the
fibre to obtaining stable emulgels by facilitating the formation of a three-dimensional
network that entraps oil droplets and by promoting Pickering stabilization. In this study,
the rheological properties of a salad dressing containing citrus fibre based on a chia and
sunflower oil-in~water emulgel were investigated. Specifically, small amplitude
oscillatory shear tests (time, stress, and frequency sweeps) were performed as a function
of temperature. Additionally, creep tests were performed at 20°C. Rheological analysis
revealed a dominant elastic character (G” > G”) throughout the entire frequency range
studied. Furthermore, the system demonstrated robust thermal stability within the viable
temperature window.
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The acceptance of meat substitute products is strongly influenced by quality, with texture
and flavor playing particularly important roles. These products are typically manufactured
using high-moisture extrusion, where extruder parameters significantly affect textural
quality. Scaling from laboratory to industrial extruders is challenging because optimal
parameters cannot be linearly extrapolated. As a result, scale-up often depends on trial-
and-error, frequently yielding textures that fall short of consumer expectations.

This work demonstrates how to use artificial intelligence (Al) to determine optimal
extruder parameters that achieve predefined product quality. Specifically, extruder
throughput, screw speed, and the temperatures of the last three zones were optimized
using Al methods to reach target mechanical and rheological properties derived from
commercially available products.

We show that multi-objective Bayesian optimization can identify parameter combinations
that simultaneously improve several quality metrics and approach defined target values
based on cutting, amplitude, and tensile tests. Cutting and tensile metrics reached the
reference range of commercial products, whereas amplitude-related metrics remained
outside this range. In each iteration, the Pareto front gained at least one new
Pareto-optimal point; hypervolume increased sharply in the first iteration and then leveled
off.

Our results demonstrate that multi-objective Bayesian optimization can be successfully
applied in extrusion processes to bring multiple metrics closer to predefined targets and
to identify corresponding parameters within a few iterations. This work provides a
methodological basis for future studies aimed at improving quality prediction, refining
target quality definitions, and enabling more realistic parameter transfer during scale-up.
This should accelerate determination of large-extruder settings and help counteract
scaling challenges.

Keywords: Plant-Based Substitutes, texture, Extrusion, Al
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Partnerships between academia and companies have long represented an important
pathway for the science-based development of new food products. This collaborative and
co-innovation process is essential to guide academic research toward the strategic goals
of industry, particularly in bringing products to market and meeting consumer
expectations. From a food product perspective, rheology is a key indicator in product
development, as consumers readily perceive changes in texture, viscosity, and handling
properties [1].

Within the framework of the Sea2Fork Portuguese initiative, which aimed to develop
ready-to-eat food products enriched in seaweeds and microalgae for market launch,
several formulations across different product categories were developed. Throughout this
process, rheology played a central role in guiding formulation adjustments and
understanding product behavior.

In case study 1 (almond-based spreads), development involved texture analysis of
commercial spreadable creams, followed by the texture optimization of microalgae-
enriched formulations until similar firmness and adhesiveness values were achieved. The
firmness of the control formulation increased from 0.181 N to 0.456 N with the addition
of smooth Chlorella vulgaris, reaching values comparable to those of conventional cream
cheese products. In case study 2 (tomato-based sauces), formulations containing the
seaweed Fucus vesiculosus exhibited higher zero-shear viscosity (no) than the original
commercially pulp. After exposure to high shear rates, the original pulp recovered
approximately 96% of its structure, whereas the seaweed-enriched sauce recovered about
81%, indicating differences in structural recovery and thixotropic behavior. Finally, in
case study 3 (chickpea-based hummus), microalgae incorporation promoted significant
structural reinforcement compared to the control (p < 0.05) [2]. The autotrophic C.
vulgaris, due to its higher protein content, showed greater structuring (G''\Hz = 3.9 x 10*
Pa) than the heterotrophic variant (G'1Hz = 3.0 x 10* Pa), confirming the formation of
denser gel-like microstructures following algae incorporation.

Across all case studies, algae incorporation significantly modified food structure and
enhanced functionality. These results highlight the role of rheology as a practical and
robust tool for translating scientific innovation into competitive market-ready food
products.

Keywords: co-innovation process, rheological behavior, food products, microalgae, seaweeds
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High nutrient losses, poor synchronization with plant uptake and soil contamination
characterize conventional fertilization methods. The development of novel materials is
essential to allow controlled-release processes. The main objective of this study is to
develop bioplastic matrices as an alternative for the controlled release of iron. In this case,
two evaluations were conducted: (i) first, soy protein isolate (SPI) was mixed with
different plasticizers (water and glycerol) in various proportions (5, 10 and 15 wt.%) and
a mixture of 2.5 wt.% water and 2.5 wt.% glycerol. Bioplastics were then obtained by
compression molding at 300 bars. (ii) other by-products and agro-wastes, such as pea
protein isolate (PPI), cassava (C), and defatted rice bran (DRB), and their mixture with
SPIlin a 1:1 ratio, were evaluated. In this second case, 5 wt.% iron sulphate heptahydrate
was added to the formulations as a micronutrient. The bioplastic matrices were made by
compression molding at 1100 bars. Finally, bioplastic matrices were characterized using
rheological analysis (strain and frequency sweep tests) due to the importance in the
development of effective, sustainable and biofortifying bioplastic fertilizers, as it governs
the controlled release of iron, reducing losses due to leaching, since a mechanically robust
network allows release to be synchronized with the plant’s demand. Moreover, iron
release tests and crop trials were performed to evaluate their potential horticultural
applications. Regarding the use of plasticizer, glycerol incorporation promotes a lower
elastic modulus (E’) and higher loss tangent (tan 6), generating a more viscous behavior
and less stable than systems processed with water because this second plasticizer acted as
a weak plasticizer, maintaining a higher rigidity with lower integrity losses. The mixture
of both leads to an equilibrium of flexibility and stability, reducing protein denaturation.
When comparing the different by-products and agro waste, it was observed that protein-
based systems (SPI and PPI) exhibited higher E’ values and a more cohesive networks,
leading to a better mechanical stability, supported by slope values of the E' (n') that are
lower than in the polysaccharide-based systems which exhibited a lower stiffness and
greater dependence on frequency. The incorporation of SPI in the binary systems
enhanced internal cohesion, improving viscoelastic stability. This behavior is conditioned
by the size and distribution of particles of the different systems. Thus, SPI and PPI
matrices displayed a lower particle size, leading to more homogeneous and compact
structures, whereas DRB showed a greater particle size distribution and C exhibited a
broader and more heterogeneous distribution, which will eventually make the processing
difficult, explaining ultimately the mechanical response of the systems tested. In this
sense, protein-based systems exhibited a more controlled release of iron, leading to an
improvement in biomass, iron content, and natural biofortification of leaves and fruits.
Keywords: agro-waste; biofortification; by-products; controlled-release fertilizers.
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The growing demand for sustainable lubricants in industrial processes has driven interest
in biobased alternatives to conventional petroleum lubricants. Among these, vegetable
oils have gained attention due to their biodegradability, renewability, and economic
feasibility. Compared to mineral oils, they exhibit advantageous properties such as strong
thermal stability, adequate rheological behaviour, and reduced environmental toxicity [1].
Their effectiveness as lubricants is largely attributed to their amphiphilic nature, which
results from polar functional groups and the triglyceride backbone of fatty acids. This
molecular structure enables vegetable oil triacylglycerols to interact strongly with
metallic surfaces, forming stable and protective films [2]. These films significantly
enhance surface protection and lubrication efficiency. Despite these benefits, vegetable
oils present certain challenges, including limited resistance to oxidation, low performance
at low temperatures, and increased friction under high-temperature operating conditions.
In this work, organic—inorganic hybrid lubricant formulations based on sulfur-modified
castor oil were synthesized via inverse vulcanization under two different processing
atmospheres (air and nitrogen). The influence of sulfur concentration on the rheological
and tribological properties of the modified oil was systematically evaluated. Sulfur-
modified castor oils display a Newtonian behavior at sulfur concentrations up to 10%,
whereas at higher concentrations they exhibit shear-thinning behavior. A pronounced
increase in viscosity was observed as sulfur content increased, particularly above 10
wt.%, with samples prepared in an air atmosphere exhibiting higher values than those
processed under nitrogen. In addition, the modified lubricants demonstrated excellent
tribological performance, achieving friction coefficients below 0.07 and a significant
wear reduction, attributed to the formation of an effective tribofilm adsorbed on metal
surfaces, as the sulphur modification level increases.
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Wax-structured fluids may undergo gelation under low-temperature, high-pressure
conditions, leading to pronounced non-Newtonian behaviour characterised by shear-
thinning, thixotropy and the emergence of yield stress. Yield stress is a key flow-
assurance parameter because it governs the stress, and therefore the pressure, required to
restore mobility after shutdown and structural ageing. The measurement and
interpretation of yielding in waxy gels have been extensively addressed at ambient
pressure and are known to depend strongly on thermal history, shear history, cooling rate
and the experimental protocol adopted [1,2]. However, comparatively limited attention
has been devoted to the role of pressure, despite its relevance in deepwater environments.

This contribution examines the influence of pressure on flow behaviour and yield stress
under subsea-relevant conditions, combining controlled cooling and ageing protocols
with rheometry in pressurised geometries and complementary calorimetry to monitor
crystallisation and structure development. Pressure effects are analysed in both the fully
liquid regime and the structured, gelled state. Particular attention is given to (i) pressure-
induced shifts in crystallisation onset, (ii) pressuredriven viscosity enhancement
described through piezoviscous behaviour, (iii) modifications in fracture patterns during
yielding, and (iv) the dependence of yield stress on pressure history and the nature of the
pressurising medium.

The results show that pressure applied during structure formation promotes more compact
and mechanically robust networks, leading to substantial increases in yield stress.
Conversely, pressurisation imposed after gel formation may partially disrupt the existing
structure and reduce the apparent yield stress. These findings are consistent with earlier
structural interpretations of wax gels [2] and with high-pressure studies reporting
enhanced viscosity and accelerated microstructural reconstruction under pressure [3].
Overall, the work highlights the critical role of pressure and pressure history in
determining the mechanical strength, fracture behaviour and restart conditions of gelled
wax-structured systems.

Keywords: wax-structured fluids, yield stress, flow assurance, high-pressure reology
References:

[1] Wardhaugh, L.T., and Boger, D.V. (1991). J. Rheol. 35, 1121-1156.

[2] Visintin, R.F.G., Lapasin, R., Vignati, E., D’ Antona, P., and Lockhart, T.P. (2005). Langmuir 21,

6240-6249.
[3] Mortazavi-Manesh, S., and Shaw, J.M. (2016). Energy Fuels 30, 759-765.

67


mailto:martinez@uhu.es

!BIREC

ferrol 2026~

Multi-material textile friction characterization against a skin surrogate using a
rheometer tribology fixture

M. Pereira®’, L. S. Vazquez', J. Lopez-Beceiro®, R. Artiaga® and C. Gracia
1 Escola Politécnica de Enxefaria de Ferrol, Universidade da Corufia, Campus Industrial de Ferrol,
Ferrol, 15403, Spain
*Contact person: mercedes.pereira@udc.es

Skin—textile friction is a key driver for perceived comfort and for mechanically induced
skin irritation, and it is strongly modulated by moisture, contact pressure and fibre
composition [1]. In this work, a rheometer equipped with a friction/tribology accessory is
used as a controlled tribometer to quantify the coefficient of friction (COF) of textile
materials commonly employed in garments and technical fabrics under skin-contact
conditions. A standardized polymeric tape (Transpore™) is applied on the counter-
surface to provide a reproducible, compliant, “skin-like” interface for comparative
screening. Textile specimens spanning different fibre chemistries and blends (e.g.,
polyester; polyester/viscose; polyester/cotton; blends including elastane; wool- and
acrylic-containing fabrics) are tested against the surrogate surface under prescribed
normal force while the rheometer records the tangential force/torque response during
sliding. From these signals, static and kinetic COF values are obtained, and speed-
dependent friction curves are constructed to capture potential transitions between
boundary-like and mixed lubrication regimes. The study aims to deliver (i) a repeatable
protocol for textile—skin friction measurements using rheometer-based tribology, (ii) a
quantitative ranking of fabric compositions relevant to skin contact, and (iii) a
mechanistic discussion connecting fibre chemistry to COF trends, leveraging recent
guidance on the interpretation limits of rheometer tribology attachments [2].
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The transition towards more sustainable polymeric materials requires formulations that
reduce fossil-based content while preserving processability and performance in
demanding industrial sectors. This challenge is particularly relevant for the automotive
industry, where polypropylene (PP) is widely used due to its low density, good
processability and balanced mechanical properties. Within the RN21 project, pine resin
derivatives are being explored as renewable raw materials for sustainable PP-based
compounds suitable for automotive interior applications.

Rosin-derived materials have previously been investigated in PP-based systems, with
reported effects on melt-flow behavior and mechanical performance. Building on this
background, this work focuses on the rheological evaluation of PP compounds modified
with a rosin-derived resin (UP), as well as PP-based blends incorporating bio-based high-
density polyethylene (bio-HDPE). The objective is to assess how UP, alone or combined
with bio-HDPE, affects melt flow behavior and viscoelastic response, supporting
formulation strategies compatible with conventional thermoplastic processing
technologies.

The materials were prepared by melt compounding and characterized using melt flow
index measurements and small-amplitude oscillatory shear frequency sweeps. This
rheological approach enables the evaluation of melt flowability, shear-thinning behavior
and the balance between viscous and elastic responses, which are relevant for
compounding and injection molding of PP-based materials. The comparison between
PP/UP and PP/bio-HDPE/UP formulations provides insight into the formulation space
available for partially bio-based compounds designed for automotive applications.

Overall, this study contributes to the RN21 objective of valorizing pine resin derivatives
in polymer applications and supports the development of more sustainable material
solutions for the automotive sector.

Keywords: polypropylene, bio-HDPE, rosin-derived resin, rheology, automotive
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The rheological behaviour of polymer nanocomposites plays a critical role in determining
their processability and final performance in extrusion-based manufacturing
technologies. In particular, the development of interconnected filler networks can
significantly alter the viscoelastic response of polymer melts, affecting both flow
characteristics and structural organization.

In this work, hybrid nanocomposites based on polyvinylidene fluoride (PVDF), zinc
oxide (ZnO) and multiwall carbon nanotubes (MWCNTSs) were developed through
solvent casting and melt-mixing routes. Different filler contents were investigated in
order to evaluate the influence of nanoparticle interactions on the rheological and
microstructural behaviour of the materials.

Comprehensive characterization was carried out by means of FTIR, XRD, SEM,
electrical conductivity measurements, rheological analysis, tensile testing, DSC and
TGA. Special attention was devoted to the evolution of the viscoelastic response as a
function of nanotube concentration. The results revealed a marked increase in melt
viscosity and storage modulus with increasing MWCNT content, indicating the gradual
formation of a dense filler network. This rheological transition was consistent with the
electrical behaviour of the systems, which exhibited percolation at nanotube
concentrations above 7 wt.%. In addition, the incorporation of ZnO and MWCNT
promoted the formation of the electroactive B-phase of PVDF, demonstrating the strong
relationship between filler-induced structural organization and macroscopic properties.
The findings provide valuable insights into the mechanisms governing network formation
in hybrid PVDF nanocomposites and their impact on melt rheology. These materials show
considerable potential as functional feedstocks for extrusion and additive manufacturing
processes, where controlled viscoelastic properties are essential for achieving
dimensional stability and reliable processing.

Keywords: Rheology, PVDF nanocomposites, carbon nanotubes, percolation, viscoelasticity,
additive manufacturing.
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Fractional viscoelastic models are a powerful framework for accurately capturing the
rheological response of a wide range of materials using fewer parameters than traditional
models. Restricted to the linear response regime, fractional models exhibit interesting
results consistent with experimental data across many different tests [1].

The constitutive equation for the simplest fractional model, i.e., the springpot or Scott—
Blair element, relates the stress (t) and the strain (t) as,

where g is the fractional order and the constant is commonly referred as the firmness. A
major limitation of this model is that the firmness lacks a clear and tangible physical
interpretation [2,3], hindering meaningful comparisons between different experiments
and materials. To address this issue, the firmness is often rewritten as the product KoT#,
where Ko has units of Pascal and T is a characteristic time with units of seconds. However,
to date, there is no established experimental methodology to independently measure these
two parameters.

In this work, we provide a first step toward elucidating the physical meaning of the
firmness. We employ an asymptotic analysis near the limiting cases =0 and =1,
corresponding to an ideal spring and an ideal dashpot, respectively, for which well-
defined physical interpretations exist. By studying real materials with fractional
exponents close to 0 and 1, we perform stress relaxation experiments to obtain an initial
estimation of Ko, and dynamic mechanical tests to estimate the characteristic time T. We
have hypothesized that Ko is an intrinsic material parameter linked to its physical
structure, and T and g are correlated quantities that reflect the fractal and/or geometrical
characteristics of the material’s internal microstructure.

Keywords: Springpot fractional model, Viscoelasticity, Firmness, Physical meaning.
References:

[1] Bonfanti, A., Kaplan, J.L., Charras, G., and Kabla, A. (2020). Soft Matter 16, 6002-6020.

[2] Scott-Blair, G., and Coppen, F. (1942). Am. J. Psychol. 55, 215-229.
[3] Gao, Y., Yin, D., and Zhao, B. (2023). Mech. Time-Depend. Mater. 27, 1153-1170.

71


mailto:fjrubio@uma.es

!BIREC

ferrol 2026~

Structuring castor oil with cellulose acetate/silica nanohybrids obtained by sol-gel
electrospinning: Influence of concentration and processing protocol

E. Dominguez-Prieto*, C. Valencia, J.E. Martin-Alfonso and J.M. Franco

Pro2TecS — Chemical Product and Process Technology Research Center, Department of
Chemical Engineering and Materials Science, Universidad de Huelva, ETSI, Spain.
*Contact person: elena.dominguez@dig.uhu.es

In lubricant science, the search for new nanostructured materials for incorporating them
into an oil matrix by promoting significant rheological modifications and, at the same
time, imparting other functionalities, thus reducing the number of components, is a major
challenge. In this study, we envisage the development of new multifunctional and
environmentally friendly ingredients for lubricant formulations based on nanostructured
hybrid biopolymer/silica composites produced by the so-called sol-gel electrospinning
process, where the inorganic (silica) and organic (biopolymer) components chemically
interact at the molecular level to form nanohybrids. The silica network is formed by the
assembly of silica precursors, i.e. tetraethyl orthosilicate (TEOS), which then grow,
coalesce and link together via condensation reactions.

In this work, cellulose acetate (CA) was added to the TEOS solution before silica
nanoparticles fully condense, aiming to incorporate the CA into the incipient silica
network through covalent bonds. Cyclopentanone (CPO) was used as green solvent.
Afterwards, at different stages of the reaction progression, and before complete
gelification, the solution was submitted to electrospinning to obtain organic/inorganic
hybrid nanofibers. Eventually, the nanofibers obtained were subjected to thermal
treatment in an oven at 200°C.

The resulting nanostructures were further dispersed in castor oil, at different
concentrations (3-10% wt.) and using different mixing methods (low-shear and high-
shear conditions). The dispersions of the nanohybrids in oil, which can be potentially
proposed as structured lubricants, were fully rheologically characterized by means of
SAQS tests and shear and extensional flow measurements. Friction and wear were also
evaluated when using these nanohybrid dispersions as lubricants in a ball-on-plates
tribological contact. The rheological and tribological properties of these dispersions are
greatly influenced by the nanohybrid concentration and by the application of the previous
thermal treatment or high shear conditions during the dispersion stage. In addition, the
progression of the sol-gel process at the time of electrospinning impacted the rheological
and tribological response of these dispersions.

Keywords: hybrid nanocomposites, lubricants, sol-gel electrospinning, rheology, tribology.
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Historically, silica and clays have been widely used in several industrial processes.
However, their use has changed due to their ability to provide distinctive functionalities
when combined with other compounds, such as biopolymers, resulting in a new
generation of materials. In the lubricant industry, silica nanoparticles (SIL) and nanoclays
(CL) are commonly employed as additives to reduce friction and wear, while biopolymers
can serve as thickeners in lubricating grease formulations [1,2].

This study focuses on the production of composites by electrospinning using CL or SIL,
unmodified and chemically modified, and cellulose acetate (CA, Mn = 30,000 g/mol). The
components were dispersed in an acetone:dimethylacetamide mixture (2:1 wt./wt.) at
concentrations in the range of 615 wt.% and 10:1 or 5:1 CA/ceramic component weight
ratios. The electrospun composites were dispersed into base oils of diverse viscosities
(0.007 to 3.51 Pa-s) and origins (mineral, vegetable or synthetic) at 7.5 wt.%. The
rheological and tribological properties of the resulting oleo-dispersions, along with the
morphology of the composites, were thoroughly investigated and correlated.

The morphology of the electrospun nanostructures and the kind of ceramic component
influence the magnitude of the SAOS functions. CA:CL nanocomposites in castor oil
provide higher structuring ability due to its thinner fibers and reduced bead formation
while more hydrophilic silica has a lower structuring capacity due to its more
heterogeneous nanofiber morphology and better affinity with polar oils. Tribologically,
dispersions of SIL-based composites in castor oil showed a decrease in the friction
coefficient as the mean fiber diameter lowers. In contrast, CL-based composites yielded
higher friction coefficients, despite having smaller fiber diameters than SIL-based
nanocomposites. However, CL-based composites favoured wear reduction in the
lubricated steel plates. Regarding the base oil, viscosity and polarity strongly affect
dispersion stability, viscoelasticity and friction behaviour. High-viscosity oils promote
better dispersibility, whereas low-viscosity oils favour the solid-like contribution and G’
values. An exception is observed for castor oil-based dispersions, which exhibit lower
values of the SAOS functions than expected compared to those prepared with synthetic
oils, likely due to the significantly higher polarity. Overall, these oleo-dispersions,
thickened with only 7.5 wt.% of electrospun nanocomposites, exhibit rheological
behaviour and lubrication performance comparable to fully formulated lithium lubricating
greases.

Keywords: cellulose acetate, silica, clay, lubricating grease, rheology
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Polylactic acid (PLA) is a widely used biopolymer in fused deposition modeling (FDM)
due to its sustainability and favorable processing characteristics. The incorporation of
lignin as a bio-based additive has been explored as a strategy to modify the rheological
behavior of PLA [1] and to improve subsequent processing steps, such as surface coating.
Polyvinylidene fluoride (PVDF), a polymer commonly employed in adsorption and
membrane applications, is included as a reference material for comparison.

In this work, the rheological properties of neat PLA, PLA/lignin composites with different
lignin contents, and PVDF were systematically investigated. Oscillatory measurements
were performed to evaluate the storage modulus (G’), loss modulus (G"), complex
viscosity (n*), and damping factor (tan o), while steady shear tests were used to determine
zero-shear viscosity and shear-thinning behavior. Rheological analysis was used as a
preselection tool to identify material formulations with suitable flow behavior for the
fabrication of 3D-printed membranes by FDM.

The printed samples were subsequently coated with polyaniline (PANI), and the influence
of lignin incorporation and lignin content on the coating process and adsorption capacity
toward model contaminants in aqueous media was evaluated. The study provides insight
into the role of rheological properties in material selection for 3D printing and into the
effect of lignin on PANI coating efficiency and adsorption performance, contributing to
the development of sustainable polymer-based adsorption systems.

Keywords: PVDF, PLA, Lignin, composites, 3D printing, viscoelastic properties, adsorption,
water remediation
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Kefiran is a food-grade bacterial polysaccharide that has antimicrobial,
immunomodulatory, antitumoral, bifidogenic and prebiotic activity (Simonelli et al.,
2022), and can form cryogels. Aloe vera has gained attention in the food industry due to
its excellent functional and nutritional properties, it serves as a natural thickener and
gelling agent, and provides anti-inflammatory, antioxidant, and gut health benefits (Kim
etal., 2023).

In this research work, gels were formed from kefiran dispersions (2 wt.%) and different
levels of an aloe vera mucilage. Kefiran was extracted from kefir grains and aloe vera
mucilage from the pulp of aloe vera leaves. The gelation process was induced by a cycle
of freezing (24 hours at -20°C) and defrosting (24 hours at 4°C).

Small oscillatory shear (i.e., strain and frequency sweep tests) and rotational tests were
performed at 4, 20 and 37 °C to assess the effect on the rheological properties of the
storage, room and normal human body temperature. An increase in the aloe vera mucilage
content effectively reinforces the gels, as both elastic and viscous moduli increased and
loss tangent decrease from 0 to 75% of aloe vera content. The incorporation of aloe vera
mucilage increased water holding capacity of the gels compared to those containing only
kefiran.

The aloe vera mucilage reinforced kefiran gels produced and characterized in this work,
giving a promising aplication as food gels considering the proven benefits of both
ingredients for human health.
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The increasing demand for environmentally sustainable fracturing fluids has renewed
interest in natural biopolymers such as guar gum. This work examines the processing and
rheological behaviour of guar-borate hydrogels, with particular emphasis on their
performance under hightemperature conditions. Gels were formulated at different guar
concentrations and guar:borate ratios and characterised using advanced rheological
techniques, including a pressurised rheo-reactor that allows reliable measurements at
temperatures beyond the normal boiling range of the solvent. The results show that
gelation occurs rapidly; however, mixing efficiency strongly influences the kinetics of
network formation, particularly in highly viscous systems. Borate crosslinking produces
a marked increase in elasticity and gives rise to complex non-Newtonian behaviour,
including shear thickening at intermediate shear rates [1]. Increasing temperature leads to
an exponential reduction in gel strength and viscoelastic moduli, with this effect being
more pronounced at lower guar and borate concentrations. Nevertheless, gels with higher
crosslinking density retain significant elastic properties up to approximately 100°C. At
higher temperatures, thermal degradation results in a discontinuous gel structure in which
viscous behaviour becomes dominant [2].

These findings provide valuable insight into the structure-processing-property
relationships of guarborate hydrogels under extreme thermal conditions and support their
potential application as hightemperature, more sustainable fracturing fluids.

Keywords: guar-borate gel, high temperature, processing, rheology
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Fibre-reinforced prepregs exhibit a curing response that is not solely governed by the resin
chemistry: the reinforcement architecture and fibre type (carbon vs. glass) can modify
heat transfer, confinement, and the development of a mechanically percolated network
during crosslinking. In this work, we investigate how the fibre phase affects cure
evolution by performing in situ thermo-mechanical monitoring inside the heated chamber
of a rheometer/DMA using a controlled temperature ramp. Viscoelastic properties are
tracked continuously during cure through oscillatory measurements of the storage and
loss response, enabling the identification of key transitions such as gelation and
vitrification via mechanical signatures. The methodology combines interchangeable
fixtures to probe multiple deformation modes—oscillatory shear, tension, bending, and
torsion—providing a consistent thermal history while sampling different stress states and
kinematic constraints. This multiconfiguration approach yields a “3D mechanical” view
of cure, allowing direct comparison of cureinduced stiffening pathways and damping
evolution across modes, and highlighting potential anisotropy introduced by the fibre
reinforcement. The resulting datasets will be used to (i) quantify shifts in characteristic
cure temperatures/times between carbon- and glass-fibre prepregs, (ii) relate gel-point
indicators to classical linear viscoelastic gelation criteria [1], and (iii) benchmark prepreg
cure monitoring against established dynamic-mechanical approaches reported for CFRP
systems [2]. The framework is intended to support more reliable process-window
definition and to improve the mechanical basis for cure cycle design in fibre-reinforced
thermosets.

Keywords: prepreg, cure monitoring, viscoelasticity, dynamic mechanical analysis, fibre-
reinforced composites
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The development of advanced, sustainable thermal insulation materials is essential to
improve energy efficiency in buildings and industrial processes, while simultaneously
enabling the valorization of by-products from agricultural, agro-industrial and forestry
activities. In this context, bio-based multifunctional materials that combine thermal
insulation, thermoregulation and thermal energy storage represent a highly promising
solution [1].

This work explores complex biodispersions as a starting point for the design of smart bio-
based insulating materials. The systems under study are multiphase dispersions intended
to evolve into biofoams derived from renewable agro-forestry resources and
incorporating phase change materials (PCMs), capable of providing both thermal
insulation and latent heat storage through solid—liquid transitions. The targeted
application of these materials is the insulation of thermal systems such as hot water tanks,
boilers and related energy-intensive equipment, where improved thermal management
can significantly reduce heat losses and enhance overall energy efficiency. By selecting
PCMs with appropriate phase transition temperatures, such as paraffin-based materials,
the functional response can be tailored to different operating conditions.

Emulsion systems consisting of a bio-based continuous phase and a PCM dispersed phase
have been systematically studied as precursors to the final materials. The effects of
surfactant type and concentration, as well as temperature, were thoroughly investigated
and optimized to enhance emulsion stability. For this purpose, the emulsions were
characterized in terms of their rheological behavior, microstructural features, and
thermophysical properties by differential scanning calorimetry (DSC), prior to the
introduction of a crosslinking agent that triggers polymerization under controlled
conditions, leading to the formation of solid bio-based composites with tailored
properties. Overall, this study provides a rational framework for the development of next-
generation sustainable thermal insulation systems based on complex biodispersions.
Keywords: Thermal insulation, dispersions, phase change materials(PCMs), sustainable
technology
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Phase change emulsions are biphasic systems in which a phase change material is
dispersed within a continuous phase, combining latent heat storage with tailored flow
properties. Among these systems, anhydrous Pickering emulsions based on paraffins have
demonstrated outstanding stability, primarily due to the strong affinity between
hydrophobized silica nanoparticles and paraffin waxes, as well as the irreversible
adsorption of the particles at the oil-oil interface[1]. This interfacial stabilization
mechanism provides significant resistance to droplet coalescence and repeated thermal
cycling. Furthermore, the broad availability of paraffins with different melting
temperatures enables the design of systems capable of operating over tunable and
extended temperature ranges, thereby expanding their potential in thermal energy storage
and heat management applications.

Despite the increasing interest in PCM-based fluids, reports of emulsified systems capable
of operating at temperatures above the evaporation limit of water remain scarce. This
work therefore addresses this gap by formulating and thermo-rheologically characterizing
an anhydrous PCM emulsion suitable for high-temperature (100 °C) thermal management
applications. A highly crystalline, synthetic Fischer—Tropsch wax with a melting point
ranging from 85°C to 115°C was selected as the phase-change material and successfully
dispersed within a thermally stable, nonaqueous phase. This dispersion is achieved using
a particle-based stabilization method, which enables emulsion formation under high-
temperature conditions where conventional surfactants typically lose effectiveness or
undergo thermal degradation. Rheological measurements reveal pronounced shear-
thinning behavior and gel-like characteristics, indicative of a microstructure formed by
interactions between interfacial nanoparticle networks and dispersed-phase droplets. DSC
analysis shows a suitable energetic performance without supercooling, confirming the
emulsion’s potential for efficient thermal energy storage.
Keywords: Emulsion rheology, Anhydrous Pickering emulsions, Phase change materials.
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The increasing demand for sustainable construction materials has intensified interest in
transforming agro-forestry by-products into high-value insulating systems aligned with
circular-economy principles [1]. These residues provide a renewable source of
polyphenolic compounds suitable for producing bio-based foams, offering an opportunity
to revalorize low-value biomass while reducing the environmental impact of building
materials [2]. In parallel, the incorporation of phase change materials (PCMs) into
building envelopes has emerged as an effective strategy for passive thermal regulation.
Through latent heat absorption and release during phase transitions, PCMs can buffer
indoor temperature fluctuations and reduce peak heating and cooling loads, making them
particularly attractive for lightweight construction systems that lack the thermal mass of
traditional masonry [3]. This work investigates the development of bio-based foams
derived from agro-forestry polyphenolic extracts, designed to act as structural networks
capable of hosting PCMs. A dedicated pre-emulsification step was implemented to ensure
stable PCM incorporation prior to foam formation, enabling controlled dispersion and
improved compatibility with the bio-based matrix. The study focuses on optimizing the
formulation pathway by systematically varying synthesis parameters and assessing their
influence on the structural, thermal, and mechanical behaviour of the resulting
composites. Therefore, a comprehensive characterization approach was adopted to
evaluate the potential of these materials. Thermogravimetric analysis was used to assess
thermal stability, while differential scanning calorimetry provided insight into the latent
heat storage capability of the embedded PCMs. Compression testing enabled the
evaluation of mechanical performance, and rheological measurements in torsion mode
were conducted to study the viscoelastic evolution of the foaming system. Microstructural
analysis further examined cell morphology, PCM dispersion, and the integrity of the foam
network. Overall, this work demonstrates the feasibility of revalorizing agro-forestry
residues into functional foam matrices capable of hosting PCMs, while enabling the
modelling of macroscopic thermomechanical properties as a function of synthesis
conditions. This integrated approach supports the development of complex,
multifunctional materials with promising potential to enhance thermal comfort in building
applications.
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Sustainable, food-grade emulsions with natural and multifunctional ingredients may fit
within the framework of clean-label and circular bioeconomy strategies. Chitosan has
traditionally been used as a stabilizer in emulsion systems due to its ability to increase the
viscosity of the continuous phase and form three-dimensional networks [1]. More
recently, its surface activity and potential role as a hydrophilic Pickering-type emulsifier
have also been reported [2]. This work focuses on the dual functionality of chitosan as
both emulsifier and stabilizer in real oil-in-water (O/W) food emulsions.

Oil-in-water emulsions were formulated using chia oil as the dispersed phase and a
complex aqueous medium with vinegar, salt, lemon juice and potassium sorbate to mimic
real food conditions. Chitosan (CH) extracted from Procambarus clarkii shell biowaste
was used either alone or in combination with egg yolk (EY), a conventional food
emulsifier. Interfacial properties were evaluated through equilibrium interfacial tension
measurements and interfacial shear rheology. Droplet size distribution, optical
microscopy, visual inspection and multiple light scattering (MLS) during short-term
storage were also assessed.

Interfacial results showed that egg yolk exhibited higher interfacial activity and generated
more viscoelastic interfacial films than chitosan. However, chitosan displayed faster
adsorption kinetics and formed structured interfacial layers consistent with a Pickering-
type stabilization mechanism [2]. Despite its lower emulsifying capacity, emulsions
stabilized solely with chitosan exhibited markedly improved physical stability compared
to those containing egg yolk. MLS analysis revealed a significant reduction in creaming
rate and an almost complete suppression of coalescence within the first 24 h when
chitosan concentration was increased. In contrast, emulsions containing both CH and EY
coalesced, revealing interfacial incompatibility.

These results demonstrate that chitosan can act as a multifunctional ingredient in food
emulsions, combining moderate emulsifying ability with outstanding stabilizing
performance. The use of crayfish shell biowaste as raw material further reinforces the
sustainability of the overall process.

Keywords: chitosan; oil-in-water emulsions; interfacial rheology; emulsion stability; food-grade
systems
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The reduction of saturated and trans-fat consumption represents a relevant objective for
the food industry due to their adverse effects on human health, which has driven the
development of oilstructured alternatives such as oleogels [1]. Among the available
production methods, the emulsion template approach is one of the most widely used, as
it is based on the formation of a precursor emulsion that is subsequently dehydrated [2].
In this approach, emulsion rheology is critical for adequate gel structuring and drying
performance.

In this work, oil-in-water emulsions (50% w/w) were formulated using rapeseed oil and
methylcellulose (MC, 4000 cP) as a structuring agent at concentrations of 1.5, 2.0, and
2.5% w/w. MC was directly dispersed in the oil, followed by the addition of cold water
(~10°C) under constant agitation. The emulsions were rheologically characterized at 25°C
by means of strain (0.01 to 1000% at 6.28 rad/s) and frequency sweeps (0.0628 to 62.8
rad/s at 0.1% strain), and flow curve tests (0.001 to 1 s), using a plate-plate geometry
(50 mm diameter, 1.0 mm gap). Different rheological models were applied to describe
both the viscoelastic and viscous behaviour of the emulsions.

The results showed similar linear viscoelastic regions for all MC concentrations, with
wider ranges for emulsions containing 2.0 and 2.5% w/w MC (up to 10% strain). The
viscoelastic moduli increased with increasing MC concentration, indicating enhanced
structured emulsions. At low frequencies, a predominantly viscous behaviour (G > G")
was observed, particularly at low MC concentration, followed by the appearance of a
crossover point (G° = G”") that shifted toward lower angular frequencies as MC
concentration increased (4.62, 1.84, and 0.74 rad/s). Frequency sweep data were
successfully superposed into a master curve using horizontal shifting and fitted with a
five-element generalized Maxwell model.

Stationary flow curves revealed shear-thinning behaviour for all emulsions, with
increasing apparent viscosity as MC concentration increased. Finally, the apparent
viscosity of emulsions was successfully related to the viscosity of the continuous phase
at zero shear rate using the Cross— Williamson model.

Keywords: apparent viscosity model, hydrocolloids, mechanical modelling, viscoelasticity.
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The well-known interest in the development of healthier foods has increased considerably
in recent years, driven by consumers who are more aware of the impact of diet on health
and wellbeing. Functional foods containing one or more bioactive compounds are gaining
relevance. However, the industrial application of these compounds is often limited by
factors such as low bioavailability, biostability and unsuitable sensory attributes [1].
Encapsulation by emulsification offers a promising solution to protect these compounds
and control their release [2, 3]. An effective strategy to improve emulsion stability is the
gelation of one of the phases involved, which can reduce droplet coalescence, balance
viscosities, and improve structural integrity.

In this study, oil-in-water emulsions were formulated using oleogels structured with
monoglycerides as the dispersed phase, chickpea protein concentrate (CPPC) as the plant-
based emulsifier, and xanthan gum as the stabiliser. Nine systems were prepared, varying
the CPPC concentration (1.5, 3, and 4%) and oleogel content (20, 30, and 40%), with 3%
monoglycerides. The emulsions were characterised by measuring droplet size distribution
and stability using multiple light scattering analysis (monitored for 31 days). The
rheological behaviour of each emulsion was determined using frequency sweeps and flow
curves. In addition, the microstructure of the samples was examined using a confocal laser
scanning microscope. All systems exhibited shear thinning behaviour and gel-like
viscoelastic profiles (G' > G"), which were more pronounced at higher levels of CP and
oleogel. Analysis of the droplet size distribution showed that higher protein contents
resulted in smaller, more stable droplets, while a high oleogel content slightly
compromised stability over time. Micrographs confirmed these results. The results also
highlighted the potential of combining plant proteins and oleogel structuring to create
stable emulsions suitable for use in the encapsulation of bioactive compounds in
functional food applications.

Keywords: emulsified oleogel, droplet size, stability, rheology
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The valorization of agro-industrial by-products represents a sustainable strategy to
develop novel functional ingredients for food applications. In this study, a red wine
vinification by-product was investigated as a natural thickening and emulsifying agent
for oil-in-water (O/W) emulsions. To enhance the functional performance of the vegetal
matrix, two physical pre-treatments were evaluated: ultrasonic treatment of aqueous
dispersions and ball milling. For each technique, two processing conditions were selected
based on literature evidence suggesting improved cell wall disruption and enhanced
exposure of structural polysaccharides and bioactive compounds [1].

A total of five samples were studied: a dehydrated untreated control (35°C), two ball-
milled samples, and two sonicated samples. Emulsions were formulated using these
materials, and different compositions were screened to identify the formulation exhibiting
the best stability and structural performance.

The emulsions were characterized by {-potential measurements, particle size distribution
(Mastersizer), Turbiscan stability analysis (24 h backscattering profiles), rheological
behavior (flow curves and viscoelastic properties), and confocal laser microscopy.

Results indicate that the untreated vinification residue is capable of forming stable O/W
emulsions, confirming its intrinsic emulsifying and thickening capacity. However,
physical pre-treatments improved specific functional attributes, including droplet size
distribution, physical stability, and rheological structuring. These findings highlight the
potential of red wine by-products as sustainable multifunctional ingredients for emulsion-
based food systems, contributing to circular economy strategies in the wine industry.
Keywords: red-wine residue, oil-in-water emulsions, ball milling, ultrasonication, rheology
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The interfacial rheology of nanoparticle-stabilized oil-water interfaces is traditionally
interpreted within a purely classical framework based on capillary trapping, particle
crowding, and hydrodynamic dissipation. In this work, we develop a theoretical
framework to examine whether quantum tunneling could act as a secondary modifier of
interfacial relaxation kinetics under selected conditions. The analysis is restricted to
Pickering-type interfaces stabilized by nanoparticles, and the tunneling mechanism is not
associated with the nanoparticles themselves, but with localized molecular-scale
rearrangement events in the interfacial fluid environment that govern structural relaxation.
Interfacial relaxation is modeled as a rate-controlled process arising from activated,
overdamped rearrangements within dense particle layers. Tunneling-assisted corrections
are introduced as renormalizations of these activated rates, consistent with theories of
dissipative tunneling. The resulting model predicts that tunneling, if operative, would
primarily modify interfacial relaxation times and shift the frequency-dependent
viscoelastic spectra measured in interfacial rheology, without altering the dominant
capillary energy scale responsible for stabilization.

The predicted influence of tunneling is strongly size-dependent and rapidly diminishes
with increasing particle diameter, confining any measurable effects to the nanometer
regime. These results provide a physically constrained, falsifiable framework for
assessing the possible role of tunneling-assisted relaxation in nanoparticle-laden
interfaces and clarify the limits of classical descriptions in interfacial rheology.
Keywords: Interfacial rheology, Pickering interfaces, Nanoparticles, Quantum tunneling
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Thermal energy storage and transport are key aspects for improving energy efficiency and
operational flexibility across multiple industrial sectors, particularly in high-temperature
applications. In this context, the development of advanced heat transfer fluids capable of
operating above 150 °C, while exhibiting suitable rheological behavior, thermal
performance, and long-term stability, is essential for waste heat recovery and the
integration of variable renewable energy sources. Among the different strategies
explored, the incorporation of phase change materials (PCMs) in the form of emulsions
offers a promising route to combine sensible and latent heat storage within fluid system.
However, the formulation and stabilization of such emulsions at elevated temperatures
remain challenging, as conventional surfactants suffer from thermal degradation and
PCM solidification is often accompanied by pronounced supercooling effects.

This work presents the development and rheological characterization of a high-
temperature, nonaqueous emulsion based on the dispersion of PCMs within a thermally
stable oil phase. Mannitol is investigated as a PCM candidate due to its high latent heat,
suitable melting temperature, chemical stability, and availability [1]. Emulsion stability
Is achieved through a Pickering stabilization mechanism using thermally resistant
nanoparticles.

Although the formulated emulsion demonstrates the feasibility of dispersing mannitol in
a stable oil phase, mannitol exhibits a strong tendency to undergo supercooling during
solidification, which can limit effective heat release. To mitigate this effect, different
classes of nucleating agents were incorporated into the PCM phase, resulting in
measurable reductions in supercooling. These results indicate an improvement in the
thermal reliability of mannitol-based PCM emulsions, supporting their potential
application in high-temperature thermal energy storage and transport systems.
Keywords: PCM emulsion rheology, Thermal energy storage, Mannitol-based emulsions.
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Growing global demand for energy-efficient cooling—ranging from refrigeration and air
conditioning to temperature-controlled distribution—has driven renewed attention
toward advanced Thermal Energy Storage (TES) materials [1]. Incorporating Phase
Change Materials into a continuous liquid phase to form Phase Change Emulsions (PCEs)
provides an attractive combination of high latent heat storage and favorable flow behavior
[2, 3]. To overcome the application limits of conventional water-based PCEs, this work
focuses on developing and optimizing anhydrous emulsions formulated from
D-Limonene, PEG400, and SiO2 nanoparticles. A systematic investigation was carried
out to assess how varying PEG400 volume fractions influence the emulsions’ thermal
performance, microstructure, and rheological properties. Expectedly, higher PEG400
contents produced larger Sauter mean diameters; however, only formulations exceeding
15 vol% PEG400 exhibited notable improvements in thermal stability and latent heat
storage. Furthermore, A critical phase inversion point was also identified at 52.4%
PEG400. Although repeated freeze-thaw cycling induced slight microstructural
alterations, the emulsions preserved stable thermal and rheological behaviour. Their
thermoregulation capacity was strongly governed by PEG400 concentration, enhancing
their ability to buffer temperature fluctuations. Overall, the findings highlight the
potential of water-free PCEs as efficient cold TES materials and underscore their
relevance for advancing more sustainable cooling technologies.

Keywords: Phase Change Emulsions, Energy Storage, Cold Industry, Anhydrous Pickering
Emulsions
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Obtaining the Poisson's ratio through shear modulus and tension measurements is
complicated due to several sources of experimental error.

One of these sources of error is the need to use two samples to carry out, separately, the
tension and shear tests.

Thanks to the ability of the ARES G3 instrument to perform simultaneous measurements
in the xy plane and in the axial axis, that is, torsion and tension simultaneously, it is
possible to solve the problem of multiple samples, performing the measurement in a single
test.

In the present work, the results of these tests on different materials are shown, as well as
a review of the uncertainty of the measurement compared to other optical methods.
Keywords: Torsion/tension, Anisotropy
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