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DISCLAIMER

This document contains the description of the COST Action EsSENce CA19118 project findings,
work and products. Certain parts of it might be under partner Intellectual Property Right (IPR)
rules. Therefore, prior to using its content please contact the consortium coordinator for

approval. E-mail: charitidis@chemeng.ntua.gr.

Should you feel that this document harms in any way the IPR held by you as a person or as a

representative of an entity, please do notify us immediately.

The authors of this document have taken all available measures in order for its content to be
accurate, consistent and lawful. However, neither the project consortium as a whole nor the
individual partners that implicitly or explicitly participated in the creation and publication of

this document hold any sort of responsibility that might occur as a result of using its content.

This document has been produced with the assistance of the European Union. The content of
this document is the sole responsibility of the EsSSENce consortium and can in no way be taken

to reflect the views of the European Union.
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1 Summary

The goal of the EsSENce Cost Action is to develop a scientific and technological innovation hub at
European and International level, focusing on advanced composite materials reinforced with carbon-

based nanomaterials (CNM) for sensing applications.

The main focus of the scientific community is to combine advances in manufacturing technologies with
the development of innovative nano-enabled composite materials for the fabrication of lightweight
smart devices with structural performance and improved and/or added new functionalities including

sensing and detection.

Working Group 4 is seeking to explore properties of CNMs in sensing and smart sensors platforms.
Research in the area of design and fabrication of sensors and/or composite materials with sensing
properties as well as in actuators to enhance standard inspection techniques, has become of great
interest to a variety of scientific communities ranging from biological and chemical sciences to
engineering communities. Several tools and techniques for detection, based on the latest trends in NMs,
and micro- and nanotechnologies are offering new opportunities for the development of composites
with sensing properties. CNMs are emerging as reliable and powerful tools for sensing various
compounds (e.g. heavy metals, phenolic compounds and pesticides) being offered at the same time as
efficient destroying agents with interest for industrial applications. Moreover, CNMs with optical
properties (e.g. carbon quantum dots) could be considered for smart sensing applications. Through
EsSENce WG4, knowledge will be exchanged between partners engaged in the NMs and nanocomposite
synthesis and partners with expertise in sensors development. This integration will lead to scientific
contributions in sensing technologies with advantages such as high sensitivity and selectivity, rapidness,

and cost efficiency.

The deliverable 4.1 (D4.1) entitled “Selection and Report on CNMs nanocomposites for detection
technologies and sensing applications” was entitled to summarize the current state-of-the-art of sensing
with CNM based nanocomposites. As the scientific field is very broad and covers many different
industrial sectors like aerospace & aviation, automotive engineering, biomedical engineering, chemical
engineering, and civil engineering, both the scientific tasks and the requirements for sensing differ very
much. For that reason, WG4 members have written a review article that covers the latest research on:

strain sensors, temperature sensors, gas sensors, and biosensors.
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2 Review article on CNM based detection technologies and sensing
applications

The review article

PEYROW HEDAYATI, D.; TERMINE, S.; BAscuccl, C.; AL MALAK, P.; BONDAVALLI, P.; SEMITEKOLOS, D.; CLEMENS, F.;
CHARITIDIS, C.; BOHM, R.: Carbon-based nanocomposites for sensing applications — a review. Journal of

Physics: Materials (2024), ...

gives a state-of-the-art review on the most relevant topics of WG4. It is accessable via the doi provided

above. The abstract of the article is listed here for reasons of completeness:

Carbon-based nanomaterials exhibit unique morphological and physical properties. When used as fillers
in various matrices such as polymers, they can provide enhanced electrical, thermal and mechanical
characteristics. The emerging field of sensing technologies has witnessed remarkable advancements,
resulting from the integration of carbon-based nanocomposites. This paper presents a comprehensive
review of the latest developments in key carbon-based nanocomposite sensors. First, the unique
properties of carbon nanomaterials are reviewed covering the full dimensional spectrum, followed by
main synthesis routes addressing critical aspects such as morphology, surface functionalization, and
doping strategies. Later, the synergistic effects arising from the combination of carbon nanomaterials
with other components, such as polymers, are explored in detail, emphasizing the role of percolation
levels in the overall sensing performance. The different sensing applications presented in this review
cover a broad range, including strain, temperature, gas and biosensing. The mechanisms and principles
governing the sensing capabilities of carbon-based nanocomposites are provided, shedding light on the
interactions between analytes and nanocomposite surfaces. A critical analysis of current challenges and
prospects is also presented, outlining potential avenues for further research and innovation. Finally, this
review aims to serve as a valuable resource for researchers interested in carbon-based nanocomposites

and their evolving role in advancing sensing technologies.
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