ISSN 2599-8293

CORDIS Results Pack on

advanced materials

A thematic collection of innovative EU-funded research results

.
Advé"&ied
‘ materi 1SS
‘ research for
iIndustry

Qa?d society |

May 2023

’



Contents

3

Glass-fibre-containing materials could
find new life in orthopaedic assistive
devices

5

Hybrid manufacturing of microfluidic
devices benefits medical diagnostics

7

Novel in-line quality control
methodologies of the battery solid-
electrolyte interface

10

Hybrid technologies reduce cost of
carbon capture from industry

12

Biosensing: a paper-based platform to
detect drugs of abuse

14

Friends or foes: new platform to predict
nanoparticle toxicity

16

Building safe nanomaterials from
scratch

19

A one-step, green and economical way
to convert methane into liquid fuels

21

New imaging system helps to optimise
stem cell therapy for arthritis

Editorial

Materials, especially advanced materials, are the foundation for the
prosperity of modern industry and society, being essential for well-being,
high standards of living and comfort.

Advanced materials, including nanomaterials, are designed to have new or enhanced properties
and improved performance over conventional materials in products and processes. Europe
is strong in developing advanced materials. However, new opportunities need to be
seized to safeguard industrial leadership and strategic autonomy, as well as reducing Europe’s
environmental footprint.

Advanced materials are a spectrum of evolving technologies with proven potential and a
revolutionary impact on fields like ICT, energy and mobility, life sciences, healthcare, cosmetics,
food, consumer goods and manufacturing, once research is translated into ground-breaking,
sustainable and competitive products and production processes.

Materials for the future

The use of nanotechnologies in advanced materials will play a critical role in addressing the
challenges identified by the European Green Deal. The successful deployment of these key
enabling technologies will enhance the competitiveness of EU industry by contributing to the
development of innovative and improved products and/or more efficient processes that will
respond to the societal challenges of today and the future.

Europe aims to secure and increase its position in the global market by promoting widescale
cooperation in and across many different value chains, in various industrial sectors, to scale
up these technologies into safe, sustainable and viable commercial products. In this respect,
risk assessment and management, as well as responsible governance, are emerging as crucial
factors for the future impact of nanotechnologies on society, the environment and the economy.

Pioneering, EU-funded research leads the way

This new Results Pack on Advanced Materials highlights seven Research and Innovation (RIA)
and two Innovation Action (IA) EU Horizon 2020 funded projects. It focuses on high-performance
engineered advanced materials that hold great promise for a variety of industrial fields, including
medicine, electronics and energy among others, and are helping to secure EU leadership in these
high-growth global markets.

The Repair3D and M3DLoC projects employ nanotechnology and additive manufacturing to
create advanced 3D-printed products from carbon fibre-reinforced polymers and polymeric
microfluidic devices that can perform inexpensive, high-performance assays of clinical samples.
STARSTEM developed a new technique able to image stem cells at clinically relevant levels for
treating osteoarthritis.

GREENSENSE focused on nanocellulose-based films, coatings and inks, leading to innovative
cellulose-based biosensing platforms for analysing drugs of abuse. NanoBat developed gigahertz
radiofrequency nanotechnologies for lithium-ion batteries, to support Europe’s shift to electric
vehicle mobility.

ZEQCAT-3D developed new technology for directly converting methane sources into high-value
aromatic compounds — benzene and naphthalene — and hydrogen. CARMOF demonstrated an
effective hybrid post-combustion CO, capture process, based on 3D-printed structured adsorbents.

NanolnformaTIX integrated databases and models to optimise the assessment of exposure
and toxicity associated with engineered nanomaterials. SABYDOMA built high-throughput online
platforms where nanomaterials are manufactured and screened at the point of production.


https://research-and-innovation.ec.europa.eu/research-area/industrial-research-and-innovation/key-enabling-technologies/advanced-materials-and-chemicals_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://cordis.europa.eu/article/id/443348-glass-fibre-containing-materials-could-find-new-life-in-orthopaedic-assistive-devices
https://cordis.europa.eu/article/id/442488-hybrid-manufacturing-of-microfluidics-devices-benefits-medical-diagnostics
https://cordis.europa.eu/article/id/442534-new-imaging-system-helps-stem-cell-therapy-for-arthritis
https://cordis.europa.eu/article/id/443345-biosensing-a-paper-based-drug-detection-platform
https://cordis.europa.eu/article/id/443346-novel-in-line-quality-control-methodologies-of-the-battery-solid-electrolyte-interface
https://cordis.europa.eu/article/id/443350-a-one-step-green-and-economical-way-to-convert-methane-to-liquid-fuels
https://cordis.europa.eu/article/id/442518-hybrid-technologies-reduce-cost-of-carbon-capture-from-industry
https://cordis.europa.eu/article/id/443347-friends-or-foes-new-platform-to-predict-nanoparticle-toxicity
https://cordis.europa.eu/article/id/443349-building-safe-nanomaterials-from-scratch
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Glass-fibre-containing
materials could find
new life in orthopaedic
assistive devices

Innovative processing, nanotechnology and additive manufacturing come together

to enable recycling and reuse of carbon fibre-reinforced polymer composites.

The fibre-reinforced polymer industry has its roots in the
development of fibreglass, a composite of glass fibres embedded
in a polyester resin matrix, nearly a century ago. In 1958, the
first high performance carbon ‘whiskers’ were produced, paving
the way for the use of very high-strength carbon fibres in low-
weight carbon fibre reinforced polymers (CFRPs). CFRPs are
now widely used in virtually every industry, including transport,
aerospace, construction, electronics and biomedicine.

Their combination of strength and low weight has led to more
sustainable transport with fewer emissions. Improving recycling
and reuse of CFRPs will contribute to a circular economy of this
huge global market with a large carbon footprint. The EU-funded
Repair3D project has contributed towards addressing this need. Its
advanced nanotechnology solutions and additive manufacturing
(AM) processes will enable the production of high added-value
3D-printed products with advanced functionalities from recycled
resources, pushing the boundaries of sustainable production.


https://www.repair3d.net/
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CFRP recycling:
challenges and
opportunities

Composites like CFRPs are difficult to recycle
due to their heterogeneous structure and
composition. Current recycling methods often
use harsh chemicals that destroy the matrix
resin materials and leave carbon fibres damaged
in the process. Additionaly the cost of recycling is
high making the commercial incentive low.

The CFRPs market offers significant growth
potential beyond conventional transport and
construction sectors. Lowering the cost of CFRPs’
use through economical, local recycling and the

To date, the project
has designed five
industrial
demonstrators and
successfully
produced a vase,
personalised
orthopaedic
assistive devices,
the shell (solid
outer layer)
of a ski boot and
automotive parts.

“The materials developed from recycled CFRPs
have been mechanically characterised, confirming
suitable performance for use in many industrial
applications. To date, the project has designed
five industrial demonstrators and successfully
produced a vase, personalised orthopaedic
assistive devices, the shell (solid outer layer) of
a ski boot and automotive parts,” notes Vicini.
Supporting the EU’s digital and green transition,
as well as smart sensing and self-healing, the
consortium has developed an Internet of Things
strategy, creating radio-frequency identification
tags for each demonstrator.

Repair3D has delivered nanotechnologies and
AM processes that will enable CFRP reclamation
and reuse in innovative high-added-value
products with advanced smart sensing and self-

integration of nanotechnology-based smart sensing and self-
healing properties to extend lifespan could spur tremendous
innovation by smaller players such as SMEs. Repair3D has
worked towards tackling this challenge.

Characterising reclaimed CFRP
carbon filaments

Repair3D evaluated the properties and processability of
reclaimed carbon filaments during multiple recycling cycles.
“Despite the thermomechanical degradation that polymers
undergo through melting and re-extrusion, recycled carbon
filaments seem to meet 3D printing requirements throughout
a number of recycling processes; adding some virgin material
improves the mechanical properties and enhances the viscosity
for printing” states the project coordinator Isella Vicini of
Warrant Hub. In addition, toxicity assessments showed that the
recycled materials are suitable for medical applications.

Industrial applications and
product demonstrators

Having achieved the successful reclaiming and 3D printing
of carbon filaments from CFRPs, the team moved to design a
sustainable product. The Repair3D consortium applied principles
of design for AM, design for recycling and safety by design
(particularly for the nanomaterials used to support the smart
sensing and self-healing properties). The production and testing
of the demonstrators employed innovative tools produced by
the partners.

healing properties. This should create new business opportunities
while reducing landfill waste and the carbon footprint of novel
products in a variety of applications.

PROJECT
Repair3D - Recycling and Repurposing of
Plastic Waste for Advanced 3D Printing
Applications

COORDINATED BY
Warrant Hub Spa, Italy

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/814588

PROJECT WEBSITE
repair3d.net/


https://www.warranthub.it/en/
https://cordis.europa.eu/project/id/814588
https://www.repair3d.net/
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Hybrid manufacturing
of microfluidic devices
benefits medical

diagnostics

As portable miniature laboratories, microfluidic devices can help pave the way

to affordable, reliable and rapid point-of-care diagnostic devices.

Microfluidic microelectromechanical systems (MEMS) are
nanosized precision devices which combine mechanical and
electrical components that are capable of fluid manipulation.
Able to handle sample volumes of less than a millilitre, they can
be used as medical diagnostic devices with intelligent functions
such as molecular detection and signal analysis.

Dubbed ‘labs-on-a-chip’, these devices, often made from
polymers for their advantageous properties, offer low reagent
volumes, rapid processing and precise control, but materials and
manufacturing make their production challenging.

“The functional and commercial feasibility of polymeric
microfluidic devices depends on the cost-effective integration
of multiple functionalities, materials and processes with high
precision and repeatability,” says Costas Charitidis, coordinator
of the EU-funded M3DLoC project and director of the R-Nano
lab at the National Technical University of Athens (NTUA), the
project host.

M3DLoC has developed a prototype digital manufacturing pilot
line capable of producing just such polymeric microfluidics, with
bespoke solutions from low-volume runs to pilot-scale batches
of 10 to 1 000 devices, depending on size, assay requirements
and overall complexity of feature design.

“By using 3D printing technologies in hybrid additive-subtractive
process chains, we established a fully digital and automated
production line. This unique, internationally leading pilot
production line could open up new market opportunities in the
biomedical industry,” adds Eleni Gkartzou from the project’s
NTUA coordination team.

The hybrid manufacturing
process

M3DLoC’s pilot production line consists of five processing stations
and two in-line metrology systems for component quality
assurance. The steps in the manufacturing sequence can be
altered, combining extrusion-based additive manufacturing (AM)
and inkjet printing, with micromachining and laser processing.

“This integrated approach links flexible microfabrication and
multimaterial integration to manufacture high aspect ratio
microfluidic features on polymer substrates, while incorporating
microstructured carbon-based electrodes and precisely deposited
biomolecules, down to picolitre volumes,” explains Dimitrios
Fantanas, also from the NTUA project coordination team.

Integration of sample analysis
within a cartridge

The project demonstrated the capability of the production line to
produce devices suitable for clinical diagnostics, using protocols
and assays developed by microfluidic experts and end users, for
viral (HIV, SARS-CoV-2), bacterial (drug-resistant tuberculosis
bacterial strains) and cancer (epidermal growth factor receptor
mutations) biomarkers.

Various parameters — fluid control, sensor designs and
manufacturing — were simulated against end-user requirements.


https://en.wikipedia.org/wiki/Microfluidics
https://en.wikipedia.org/wiki/Polymer
https://www.ntua.gr/en/
https://en.wikipedia.org/wiki/3D_printing

© LuchschenF/stock.adobe.com
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Additionally, bioderived thermoplastic materials and water-based

conductive inks with low environmental impact were developed,
capable of replacing more traditional materials
such as silicon and glass.

The results  “The results demonstrated that M3DLoC

devices are suitable for the analysis of
challenging clinical samples and are
comparable to gold-standard clinically
validated methods,” notes Charitidis.

of challenging

clinical samples and
are comparable

to gold-standard
clinically validated

A complete value
chain for multiple

applications
methods.

The M3DLoC project and its partners successfully dealt with the
restrictions of the COVID-19 pandemic, when the M3DLoC AM
system was used to produce personal protective equipment

for healthcare workers. They surmounted pandemic hurdles
to develop a complete value chain from prototype design,
material development, production and implementation, to
performance assessment.

“Inexpensive, high-performance assays offer earlier diagnosis,
personalised medicine and better patient follow-up, reducing
healthcare costs and improving quality of life,” says Charitidis.

Such diagnostic devices could also improve quality control
techniques across the chemical, oil and gas, pharmaceutical
and food industries, as well contributing to systems for
environmental and agricultural monitoring.

“The pilot line is available for end users requiring a
microfabrication facility in an open access industrial setting
for pilot production of medical devices. It accelerates the
transition from research and development to pre-commercial
production, through rapid prototyping, using fully digitised
manufacturing,” concludes Charitidis.
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PROJECT
M3DLoC - Additive Manufacturing of
3D Microfluidic MEMS for Lab-on-a-Chip
applications

COORDINATED BY
National Technical University of Athens - Research
Lab of Advanced, Composite, Nanomaterials &
Nanotechnology R-NANO, Greece

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/760662

PROJECT WEBSITE
m3dloc.net/

Novel in-line quality
control methodologies
of the battery solid-
electrolyte interface

A nanotechnology and broad-band frequency toolbox for high-resolution

characterisation of electric vehicle battery components under real conditions could

revolutionise production quality.

As electric vehicles (EVs) are hitting the road in increasing
numbers, batteries remain a key area of research. To understand
and improve the processes of charging, discharging and ageing
of EV batteries, component characterisation at the microscale
under real conditions is required.

The micro and nano-scale impedance characteristics of batteries
have not yet been investigated. In a global first, the EU-funded
NanoBat project has filled this critical gap with gigahertz (GHz)
radiofrequency nanotechnologies and microscale impedance
measurement tools for lithium-ion batteries and beyond lithium-
ion batteries. They will support battery production and Europe’s
leadership position in this growing global market.

Zooming in on the solid
electrolyte interphase

The electrode’s solid electrolyte interphase (SEI), created in a
sophisticated process at the end of the battery cell production
chain, accounts for a significant portion of EV battery production
costs. This very thin layer — less than one thousandth of the
diameter of a hair — is critical to the battery cell’s performance,
reliability and durability and very often has abnormalities or
defects that are difficult to detect.


https://cordis.europa.eu/project/id/760662
https://www.m3dloc.net
https://nanobat.eu/
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According to NanoBat coordinator Ferry Kienberger
of Keysight Technologies in Austrig, “the NanoBat
electrical measurement techniques and models
focused on understanding and predicting the SEl
layer’s reliability before the EV battery cell is built
into a final battery module or pack.”

A broad-band frequency
toolbox of high-
resolution techniques
under natural operating
conditions

Regarding scanning probe microscopy, “we
extended the operating frequency of the scanning microwave
microscope to 20 GHz, increasing impedance resolution at the
nanoscale by 100 times compared to low-frequency microscopes.

The NanoBat
electrical
measurement
techniques and
models focused
on understanding
and predicting
the SEI layer’s
reliability before
the EV battery cell
is built into a final
battery module
or pack.

The microscopes’ imaging time was decreased
from about half an hour per frame to several
minutes while maintaining lateral resolution,”
Kienberger explains.

“A newly calibrated electrochemical impedance
spectroscopy (EIS) method that is 10 times
more sensitive at frequencies of up to 100 kHz
allowed researchers to make measurements on
large EV battery cells (a pack of 396 cells) with
impedance resolution of a few microohms,” adds
Kienberger. The EIS system was metrologically
calibrated and verified in a round-robin test
with original equipment manufacturers (OEMs).

Finally, the team developed a self-discharge
measurement for cell quality control and a new
high-voltage separator test. The former reduces
cell testing time in EV battery production lines

from 1 week to 20 minutes, which will reduce material waste
and the costly disassembly of malfunctioning cell packs.

© wellphoto/stock.adobe.com


https://www.keysight.com/us/en/home.html
https://www.sciencedirect.com/science/article/pii/S0378775322004177#
https://www.sciencedirect.com/science/article/pii/S0378775322004177#
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Satisfying discerning
stakeholders, accelerating
access

NanoBat demonstrated its nanoscience-based impedance
models and metrological test methods in pilot-line manufacturing
and OEM field tests. “Major players in the European EV battery
manufacturing field (BMW and SAFT) are members of NanoBat's
stakeholder group and have collaborated on research and
publications. They demand data accuracy, data reliability and
high-level uncertainty analysis, all of which have been perfectly
served by the NanoBat community,” notes Kienberger.

Partner Pleione Energy (Greece) is now offering an EV battery
pilot line service, and partner Poland introduced an open web
platform for non-destructive materials characterisation, both
integrating NanoBat outcomes. The Swiss Federal Institute
of Metrology is offering the new NanoBat scanning probe
microscopy method in their portfolio of services.

The tremendous engagement on LinkedIn — up to 10 000 views
per post — confirms that NanoBat has united diverse research
units like universities, small enterprises and major European
players in the electrification of cars and vehicles, supporting the
European Green Deal and carbon neutrality strategies.

PROJECT
NanoBat - GHz nanoscale electrical

and dielectric measurements of the
solid-electrolyte interface and applications
in the battery manufacturing line

COORDINATED BY
Keysight Technologies, Austria

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/861962

PROJECT WEBSITE
bit.ly/nanobat/


https://cordis.europa.eu/project/id/861962
https://bit.ly/nanobat
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Carbon capture utilisation and storage is a crucial low-carbon technology to help

the EU halve greenhouse gas emissions by 2030 and achieve ‘net zero’ emissions
g g y

by 2050.

Global warming resulting from the emission of greenhouse
gases (GHGs) by power stations, industry and other sources is a
major challenge Europe and the rest of the world face.

Carbon capture utilisation and storage (CCUS) technologies could
reduce carbon emissions by 90 to 95 % from power generated
by fossil fuels and energy-intensive industrial processes like the
production of cement, ceramics, steel and petrochemicals. Such

(O, capture processes represent around 70 % of the total cost
of the CCUS process.

Highly intensive energy processes currently capture CO, by
bubbling it through water containing organic amines that bind
to the gas. However, this process is inefficient compared to
membrane separation and vacuum pressure swing adsorption
based on solid sorbents.

© TR STOK/Shutterstock.com


https://joint-research-centre.ec.europa.eu/scientific-activities-z/carbon-capture-utilisation-and-storage_en
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Unfortunately, deploying a stand-alone carbon capture system
based only on membrane technology or only on solid sorbents
is expensive because high CO, recovery and purity targets
significantly increase the energy expenses, as well as capital
expenditure and operational expenditure compared to traditional
amines scrubbing. Nonetheless, these disadvantages can
be overcome by combining membrane technology with solid
adsorbers in hybrid configurations.

A combined approach to CO,
capture: the best of both worlds

The EU-funded CARMOF project developed an effective hybrid
post-combustion CO, capture process based on 3D-printed
structured adsorbents. “CARMOF is a hybrid process that combines
the best aspects from membrane and solid sorbent technologies,”
says project coordinator Costantino Martinez Cocera.

CARMOF's goal was to create high-performance dry adsorbers for
post-combustion CO, capture. The structures were based on 3D
printing technologies containing a combination of metal organic
frameworks, reduced graphene oxide or carbon nanotubules
supported by polyethyleneimine binders and adsorbers.

The structure was designed for the specific combination of gases
from the selected industry. Researchers therefore produced
functional absorbents at industrial facilities that combined
advanced properties like electrical conductivity, CO, sorption, high
surface area, tuneable porosity and tuneable functionalisation
of the core material.

Hybrid processes prove cheaper
and better

“Integration of the different technologies is superior to a
standalone process and avoids their disadvantages. Hybrid

processes have shown their superiority not
only for CO, recovery but also in the lower
installation investment required,” observes

, technologies
Martinez Cocera.

is superior to
Adsorbents are shaped by 3D printingusing 0 Standalone

the micro-extrusion of a highly viscous

paste into structured porous materials. The  thejr individual
microporous designs of the structures can disadvantages.
be optimised to enable lo essure and .

pum! W pressur Hybrid processes

fast kinetics of the carbon capture process.

The technology is deployed and tested
under real world conditions in cement works
located in Greece. “The results will provide
valuable information about how we can
best utilise current technologies and exploit
their combined impacts to provide major
benefits for all industries with large carbon emissions, and for
society as a whole,” Martinez Cocera concludes.

but also in

PROJECT
CARMOF - New process for efficient co,
capture by innovative adsorbents based on
modified carbon nanotubes and MOF materials

COORDINATED BY
AIMPLAS - Technological Institute of Plastics, Spain

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/760884

PROJECT WEBSITE
carmof.eu/

The integration
of the different

the installation
investment required.

process and avoids

have shown their
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for CO, recovery


https://carmof.eu/
https://cordis.europa.eu/project/id/760884
https://carmof.eu/
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Biosensing: a paper-
based platform to detect
drugs of abuse

Pioneering nanocellulose-based materials and processes have enabled

high-performance printed electronics and a sustainable biosensing platform

to detect drugs of abuse.

©RISE

Discarded electronics are a fast-growing source of waste, and
about half of the plastic waste from electronic and electrical
equipment in the EU is not recycled properly or at all. Paper-
based electronics are an active area of research, and the
first products are entering the market. However, the surface
properties of conventional paper are not suitable for printed
electronics. Plastic coatings are typically required, minimising
the expected benefits.

Cellulose, a major structural component of green plant cell walls
and one of nature’s most ubiquitous polymers, could be the key
to electronics based on paper. The EU-funded GREENSENSE

project has developed nanocellulose-based films, coatings and
inks and semi-automated manufacturing processes leading to
novel cellulose-based biosensing platforms for drugs of abuse
(DOA) analysis.

The 17-member GREENSENSE consortium, with participants
from six EU countries, Israel, Jordan and the United Kingdom,
combined expertise in materials science, physics, biochemistry
and electronics. It supported the team in focusing not only on
the materials and processes to produce nanocellulose-based
electronics but also on meeting international standards for
printed electronics and on the ability to upscale all processes for
commercial production.

Nanocellulose-based films,
coated paper boards, inks and
electronic components

The consortium produced several types of functionalised
cellulose nanofibres and cellulose nanocrystals with the
potential to produce tonnes per year. From these materials,
free-standing nanocellulose films and nanocellulose-coated
paper boards were manufactured with large-scale production
methods, and their properties were characterised.

The team also produced a variety of nanocellulose-based inks
(conductive, electrochemical and electrolytic for electrochromic
displays and energy storage applications) at up to 50 kilograms/
batch. The inks were characterised according to international
standards for printed electronics (IEC 62899).


https://www.euractiv.com/section/energy-environment/news/half-of-plastics-in-electronic-waste-not-recycled-in-eu/
https://www.euractiv.com/section/energy-environment/news/half-of-plastics-in-electronic-waste-not-recycled-in-eu/
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“We hamessed our nanocellulose-based materials
and production techniques for the design and
fabrication of high-performing printed electronic
components: near-field communication antennas,
supercapacitors, primary batteries and electrochromic
displays. More than 1 500 pieces were produced,”
notes project coordinator Sandra Martinez-Crespiera
of Leitat.

Nanocellulose-based

biosensors and sensing

These platforms
will enable us to
better monitor
illegal and
potentially
dangerous
behaviours, whether
for law enforcement
or in homes and
schools, by using
a recyclable piece

of paper.

adhesion and ageing tests according to
international standards (IEC 62951), and a
smartphone application was developed to
enable straightforward operation.

Martinez summarises: “In contrast to conventional
plastic kits for qualitative urine analysis, the
GREENSENSE portable biosensing platform for
DOA uses nanocellulose-based electronics and
inks and stores numeric data. The platforms
will enable us to better monitor illegal and
potentially dangerous behaviours, whether for law
enforcement or in homes and schools, by using a
recyclable piece of paper.”

platforms

The work on nanocellulose-based materials, components and
processes supported the development of biosensors to detect
DOA with a redox-active ink (it can accept or donate electrons
in redox reactions, supporting electrochemical sensing) and a
hydrogel. The analytical performance of the biosensors was
confirmed via rigorous testing.

“GREENSENSE developed a microchip with interfaces for the
cellulose-based biosensor, power management and a radio
frequency identification tag. This included the possibilty to charge
connected energy storage systems and displays. The biosensors
were integrated into biosensing platforms manufactured at
large scale (up to 75 units) by semi-automated processes on
substrates approximately 300 x 350 mm? (8 platforms/sheet),”
Martinez explains. The platforms were subjected to mechanical,

PROJECT
GREENSENSE - Sustainable, Wireless,
Autonomous Nanocellulose-based Quantitative
DoA Biosensing Platform

COORDINATED BY
Leitat, Spain

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/761000

PROJECT WEBSITE
greensense-project.eu/


https://www.sciencedirect.com/topics/engineering/near-field-communication
https://www.leitat.org/
https://cordis.europa.eu/project/id/761000
http://www.greensense-project.eu/
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Friends or foes:
new platform to predict
nanoparticle toxicity

An innovative tool integrating numerous databases and models serves as a crystal

ball for the safety of engineered nanoparticles, opening data to all: industry,

regulators, researchers and society.

Nanomaterials are touted for their unique physicochemical
characteristics, typically attributed to their small size, large
surface area, chemical composition, solubility, shape and
aggregation. Their implications range across sectors from
agriculture and engineering to materials science and medicine.
But despite their advantageous properties compared to those of
bulk materials, they could also trigger severe environmental and
health consequences with use.

will they sediment or remain loose? Their environmental fate,
in tumn, allows determining the likelihood of human exposure
and associated health risks depending on the amount (dose)
interacting with cells and tissues. Ultimately, our physiology and
the nanoparticles entry routes in our body largely determine
nanomaterial distribution,” adds Barfiares.

Overcoming data fragmentation

The pillars supporting
sustainable
nanomaterial production

“Predicting nanomaterial safety involves
understanding the ultimate nature of what
makes a material toxic. This requires significant
understanding of all lifecycle stages of
the engineered nanoparticles: source, fate,
exposure, dose and response. All these are
closely intertwined,” notes Miguel A. Bafiares,
professor at the CSIC Institute of Catalysis and
Petrochemistry in Madrid and coordinator of the
EU-funded NanolnformaTIX project.

NanolnformaTIX unveiled a nanoinformatics tool
that blends all these components to uncover
what renders a nanomaterial toxic. “We first
need to find out about the environmental fate of
engineered nanoparticles, namely how they will
behave when interacting with the environment:

in nanotoxicology

Predicting
nanomaterial
safety involves
understanding
the ultimate nature
of what makes
a material toxic.
This requires
significant
understanding of all
lifecycle stages
of the engineered
nanoparticles:
source, fate,
exposure, dose
and response.

New study results are adding to the vast amount
of data on physicochemical, toxicological and
ecotoxicological properties of engineered
nanoparticles generated over the last few
decades. Yet, such data is largely dispersed.

NanolnformaTIX web-based sustainable
nanoinformatics framework integrates existing
and emerging data into efficient, user-friendly
interfaces to enhance accessibility and usability
of the nanoinformatics models for industry,
regulators and society.

“We have utilised state-of-the-art computational
tools stemming from different scientific fields to
extract information that can be associated with
nanotoxicology,” notes Bafiares. For example,
the platform integrates eNanoMapper, one
of the largest data sources on nanomaterial
toxicological properties.


https://www.nanoinformatix.eu/
https://nanoinformatix-platform.greendecision.eu/
https://nanoinformatix-platform.greendecision.eu/
https://nanocommons.github.io/user-handbook/about-and-partner-projects/eNanoMapper/

© Visual Generation/stock.adobe.com
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Building a holistic picture of
nanoparticle toxicity

“Our understanding of how nanoparticles interact with each
other, the environment and cells/tissues in our body would be
limited if we only added state-of-the-art (eco)toxicological data
and models to our platform. We also need to know the rationale
behind their behaviour,” highlights Bafares.

To this end, part of the work focused on creating new models
describing nanoparticles themselves, namely how their structure,
shape and defects could determine their interactions with the
environment and our cells. Importantly, these models were
validated using specially designed experiments that largely
help generating relevant toxicity descriptors. The new models

and toxicity descriptors are crucial for developing exposure,
biodistribution and dose-response models.

The NanolnformaTIX platform also integrates safe-by-
design models, helping minimise toxicity risks at the earliest
stages of nanomaterial production. Ultimately, the tool uses
experimental data to study surface reactivity and omics
approaches to determine adverse biological effects from
nanoparticle-cell interactions.

“On the one hand, we extracted data that would either be very
challenging to obtain or costly to be generated by experiments.
On the other hand, the combined use of tools and new models
help enhance our understanding of the most fundamental
mechanisms behind the toxicity of advanced engineered
nanomaterials,” remarks Bafiares.
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PROJECT
NanolnformaTIX - Development and
Implementation of a Sustainable Modelling
Platform for Nanolnformatics

COORDINATED BY
Spanish National Research Council (CSIC), Spain

Building safe

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/814426

PROJECT WEBSITE
nanoinformatix.eu/

nanomaterials from

scratch

The rapid development of nanomaterials has increased fears about their health

and environmental effects. EU-funded researchers are helping minimise risks

at the earliest stages of nanomaterial production.

Engineered nanomaterials are a significant breakthrough in
material design and development. The properties emerging
from their scale, precise architecture and engineering render
them suitable in diverse areas such as medicine, electronics,
packaging, food, energy and aerospace.

The relationship between their precise design and their
behaviour in biological systems and the environment has led
to the proposal that nanomaterials can be engineered to be
safe-by-design. This concept could largely guide nanomaterial
development to maximise their benefit in problem solving and
product development and minimise toxicity risks to humans and
the environment.

Eliminating the time lag
between nanomaterial
production and screening

Current nanomaterial approaches typically rely on batch
production of nanomaterials and conventional in vivo and in vitro
screening. “Batch-wise produced nanomaterials are stored and
transported to the place where they will be screened. However,
this comes with its own issues. Firstly, the nanomaterial ages
with time, and many of its properties may have changed by
the time they undergo screening; and, secondly, this approach


https://cordis.europa.eu/project/id/814426
https://www.nanoinformatix.eu/
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involves considerable effort, time and resources”, notes Andrew
Nelson, coordinator of the EU-funded SABYDOMA project.

SABYDOMA has therefore developed an alternative approach to
designing safer nanomaterials by establishing high-throughput
platforms to manufacture nanomaterials and screen their
toxicity directly at the point of production. This means that
there is no waiting for nanomaterials to be transported for
assessment, thereby streamlining and accelerating both
nanomaterial production and safety screening.

Advanced technologies
underpinning safe-by-design
nanomaterials

“SABYDOMA deals with the potential nanomaterial toxicity issues
head-on by coupling an innovative high-throughput screening

platform to an online nanomaterial production unit. Our platform
uses physicochemical and biological sensor elements, with the
resulting signals being used to control the redesign and production
of safe yet functional nanomaterials within a feedback loop”,
stresses Nelson. “These platforms are underpinned by computer
simulations using model predictive control, which makes
predictions about the nanomaterial’s future behaviour.”

The project team uses different screening platforms to screen
the physical, chemical and toxicological parameters in parallel.
They are directly connected to the production line and send the
screening test results back to it. This offers the opportunity to
adjust the parameters of the nanoparticle production line to
increase safety.

One of the screening modules is a microfluidic platform serving
as an inline tool for toxicity screening. It consists of a microfluidic
cartridge with a micro hole array chip that has a thin transparent
membrane of silicon nitride on top. The mammalian cells of
interest are positioned on the silicon nitride membrane that


https://www.sabydoma.eu/

Such an important
innovation will not

potential hazards
but also speed up
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features hundreds of micro holes, and then the test substance is
delivered through microfluidic channels to the cells. If there is a
biological effect, the cells change their behaviour and structure,
which are monitored by different endpoint measurements.

Multiple in vitro targets (certain ones
developed in the HISENTS project) have
also been used in other screening platforms
whose response to nanomaterials is

combined to give a toxicity score.
only prevent

Safe-by-design:

the production  the ultimate goal

process, decrease

manufacturing  OF nanotechnology

costs and minimise

waste in the circular

“Nanomaterial toxicity will always be
considered in new nanotechnology
applications in the same way that
innovative chemicals require routine screening before being
used in any procedure or application”, remarks Nelson.
“SABYDOMA’s inline approach enables safe-, and also
sustainable-by-design nanomaterials and the manufacture of
safer chemicals and pharmaceuticals, mitigating the need for
subsequent testing. Such an important innovation will not only
prevent potential hazards but also speed up the production
process, decrease manufacturing costs and minimise waste in
the circular economy.”

economy.

PROJECT
SABYDOMA - SAfety BY Design Of
nanoMAterials - From Lab Manufacture
to Governance and Communication:
Progressing Up the TRL Ladder

COORDINATED BY
University of Leeds, United Kingdom

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/862296

PROJECT WEBSITE
sabydoma.eu/
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A one-step, green and
economical way to
convert methane into

liquid fuels

What if you could 3D-print a catalyst that turns methane, a harmful greenhouse

gas when released into the atmosphere, into high-value products and efficiently

made hydrogen fuel? All of this is now possible and, importantly, inexpensive

thanks to ZEOCAT-3D’s breakthrough technology.

The EU-funded ZEOCAT-3D project developed a new technology
for directly converting methane into high-value aromatic
compounds — benzene and naphthalene - and hydrogen.
The new process can more efficiently convert methane from
stranded sources into shippable liquid fuels and could also help
the industry reduce greenhouse gas emissions.

An alternative, single-step
gas-to-liquids process

The conversion of methane — the principal component of natural
gas and biogas — to fuels and starting materials for the chemical
industry is called gas-to-liquids. Most technologies involve
converting methane and carbon dioxide into a mixture of hydrogen
molecules and carbon monoxide, so-called syngas. From syngas,
various products such as olefins, gasoline, diesel and oxygenates
can be obtained using the well-established Fischer-Tropsch
process. Alternatively, syngas can be converted into synthetic
fuels and other important products through methanol-to-gasoline
or methanol-to-olefin processes.

“These commercial approaches are feasible at large scales
but involve multiple steps for methane conversion. Until now,
no direct processes have been developed at an industrial
scale and commercialised,” remarks project coordinator Maria

© VectorMine/stock.adobe.com

Tripiana. What's more, syngas conversion is energy-intensive
and expensive, while oxygen needs to be removed from syngas
before being converted into hydrocarbons.


https://www.zeocat-3d.eu/
https://www.britannica.com/science/aromatic-compound
https://www.britannica.com/science/aromatic-compound
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“In ZEOCAT-3D, we proposed a more viable and environmentally
friendly method for methane conversion that eliminates
intermediate steps. We used a chemical reaction called
dehydroaromatisation that directly converts methane into

In ZEOCAT-3D, we
proposed a more
viable and
environmentally
friendly method for
methane conversion
that eliminates
intermediate steps.
We used a chemical
reaction called
dehydro-
aromatisation that
directly converts
methane into
aromatic
compounds and
hydrogen.

aromatic compounds and hydrogen,” explains
Tripiana. “As alternatives to oil, benzene
and naphthalene are very interesting raw
materials for the production of liquid fuels and
high-value chemicals. Furthermore, hydrogen
is extracted as a coproduct, which could serve
for ammonia production or in fuel cells.”

The keys to success:
3D-printed catalysts
and advanced reactor
design

Existing catalysts used to speed up methane
dehydroaromatisation are not very efficient.
ZEOCAT-3D’s novel catalysts tackled two
big challenges standing in the way of this
chemical reaction: difficulty in obtaining
the desired high-value compounds as
unwanted by-products are often formed

(poor selectivity), and quick catalyst deactivation owing to carbon
deposition in the catalyst pores, a process known as coking.

“Using hierarchical modelling and simulations, we showed that
if you control the nanoparticle size, morphology and degree of
agglomeration, coking is no longer a threat,” stresses Tripiana.

“In our case, we used digital light processing to synthesise
3D zeolites with higher catalytic activity. We were the first to
demonstrate novel hierarchical zeolites embedding four distinct
pore structures. Bringing together two or more zeolite pore

topologies at the mesoscale offers the opportunity to optimise
nanoparticle transport and selective conversion of reaction
intermediates,” adds Tripiana.

The catalytic reactor prototype integrated a purification
system yielding methane above S5 % in purity, @ hydrogen-
selective ceramic membrane and a filtration system removing
particulates entrained in the product flow (either carbonaceous
or ash). This compact, modular reactor now treats 4 normal litres
per minute of gas flow and produces 40 grams per hour of high-
value products.

ZEQOCAT-3D provided new insights into the design of highly
efficient catalysts and reactors for the production of valuable
products, potentially reducing greenhouse gas emissions, which
could be a building block for a sustainable circular economy.
ZEOCAT-3D outcomes will guide future projects in bringing the
proposed technology to a higher maturity level.

PROJECT
ZEOCAT-3D - Development of a bifunctional
hierarchically structured zeolite-based
nano-catalyst using 3D-technology

for direct conversion of methane into
aromatic hydrocarbons via methane
dehydroaromatization

COORDINATED BY
IDENER TECHNOLOGIES SL, Spain

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/814548

PROJECT WEBSITE
zeocat-3d.eu/
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https://www.zeocat-3d.eu/
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New imaging system
helps to optimise stem
cell therapy for arthritis

Stem cells offer a promising therapeutic avenue for osteoarthritis,

but current imaging techniques struggle to assess the efficacy of treatment.

An EU-funded project developed a new technique able to image stem cells

at clinically relevant levels.

Arthritis is @ common health disorder and a leading cause of
disability. It encompasses a wide range of different diseases
affecting the joints.

Osteoarthritis, caused by the gradual wearing of cartilage in
joints over time, affects around 10 % of the global population.
There are roughly 70 million patients in Europe alone. Yet there
is still no effective cure. Most treatments focus on alleviating
symptoms and do not restore form or function.

Stem cells present one promising therapeutic avenue, offering
a unique opportunity to regenerate injured cartilage. This
therapy is hampered though, by an inability to detect successful
engraftment in real time using conventional imaging techniques.

“The promise of stem cell treatments is restrained by the lack of
knowledge of where the cells go and what they do in humans,”
explains Martin Leahy, chair of Applied Physics at the University
of Galway.


https://www.universityofgalway.ie/our-research/people/martinleahy/
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Restrictions in current
technologies

Current imaging technologies cannot detect items smaller than
1/200th of the tissue depth, and stem cells have low intrinsic
contrast, which makes them difficult to see. “This restricts
progress on their healing properties and safety,” says Leahy.

Leahy coordinated the EU-funded STARSTEM project, which
proposed an innovative new imaging technique able to capture
human stem cells at clinically relevant levels. STARSTEM introduced
the use of gold nanostars, which absorb 10 times more light than
conventional dyes and help to pinpoint stem cells.

“We were able to see mesenchymal stem cells (MSC) and
extracellular vesicles (EV) deep in sheep knees, the best model
of human knee osteoarthritis, for several months after injection,”
Leahy notes. MSCs are cells isolated from a mix comprising bone
marrow, and EVs are tiny vesicles within MSCs.

Imaging with nanotechnology

STARSTEM aimed to harness and improve the properties offered
by photoacoustic imaging, a non-invasive system that uses
lasers to construct images of tissue — and other substances —
under the skin.

Nanomaterials possess certain properties
which enable them to enhance this kind of
imaging system. The STARSTEM researchers
internalised gold nanostars into stem cells,
which enhance contrast and improve deep-
tissue imaging.

The energy

“The STARSTEM nanostars were optimised
to provide the greatest energy deposition
and hence photoacoustic contrast of any

with any other  particle,” Leahy explains.

particle, so they
become more easily
visible with the

“The energy deposited in the nanostars
causes the surrounding cells and tissue to
vibrate more than with any other particle,
so they become more easily visible with the
photoacoustic system,” he adds.

photoacoustic
system.

The team optimised every part of the imaging process, allowing
them to detect the smallest number of MSCs and EVs at
clinically relevant depths.

Through a series of trials, they were able to find the optimal
size and shape of gold nanoparticles to improve the imaging
contrast. These advances allowed the team to maximise the
uptake of stem cells while ensuring no toxic effects.

A pathway to regenerative

medicine

The advances could help scientists better understand how
stem cells work, and aid in the transition from preventative to
regenerative medicine.

This branch of medicine aims to create methods to repair or
replace lost cells. Both MSCs and EVs are thought to trigger
healing and support tissue repair within the body.

The STARSTEM team is now aiming to test their gold nanostars
in clinical trials.

PROJECT
STARSTEM - NanoSTARS imaging for STEM cell
therapy for arthritic joints

COORDINATED BY
University of Galway, Ireland

FUNDED UNDER
H2020

CORDIS FACTSHEET
cordis.europa.eu/project/id/761214

PROJECT WEBSITE
starstem.eu/


https://starstem.eu/
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https://cordis.europa.eu/article/id/442406-online-platform-helps-boost-nanomaterial-development-and-risk-assessment
https://cordis.europa.eu/project/id/761214
https://www.starstem.eu/
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RESULTS PACK ON
FRONTIER CHEMISTRY

This CORDIS Results Pack features 14 innovative

projects working in the field of catalysts, showing how
long-established industrial processes can be converted to
operate in a more environmentally friendly and sustainable
way, contributing to the EU’s ambitious climate goals.

E

Check out the Pack here:
cordis.europa.eu/article/id/430043

Follow us on social media too!
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