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“The space sector and the field of nanotechnology are fascinating and each of them independently 
offers innovation opportunities. This book presents examples of the application of nanotechnology 
in the space sector, which has actually multiplied the effects of the challenges dictated by peculiar 
space environments and operations. Although it introduces only the first few steps in this 
direction, the broad spectrum of considered disciplines and products, from power and propulsion 
to optoelectronics, from thermal ablative materials to additive manufactured nanocomposites and 
new printable materials, from antibacterial coatings to MEMS/nano- and biodevices, showcase 
the potentials of this new sector very well and may even suggest to the readers further brilliant 
ideas to be applied in their specific situations. The book is recommended not only for students or 
professionals interested in the space sector but also to those looking for business spin-offs from 
the space to day-by-day life; thanks to the comprehensive picture on the space economy market 
linked to nanotechnology, presented in the last chapter of the book.”

Prof. Dr. Eng. Piero Messidoro
Politecnico di Torino, Turin, Italy

Former CTO of Thales Alenia Space Italy, and Deputy CTO VP for R&D, Technology and 
Product Policy of Thales Alenia Space 

“Written by internationally known experts, this book summarizes the state-of-the-art research 
developments for using nanotechnology in space. It covers a wide range of nanomaterials 
(from carbon nanotubes and semiconductor quantum dots to polymer composites and printable 
ceramics) and functional applications (from solar cells and lithium-ion batteries to antibacterial 
surfaces). Each chapter is clearly written and will be interesting for a wide audience of 
researchers, engineers, and students.”

Prof. E. A. Katz
Ben-Gurion University of the Negev, Israel

This book presents selected topics on nanotechnological applications in the strategic sector of 
space. It showcases some current activities and multidisciplinary approaches that have given an 
unprecedented control of matter at the nanoscale and will enable to withstand the unique space 
environment. It focuses on the outstanding topic of dual-use nanotechnologies, illustrating the 
mutual benefits of key enabling materials that can be used successfully both on earth and in 
space. It highlights the importance of the space as a strategic sector in the global economy, with 
ever-increasing related businesses worldwide. In this light, it dedicates a chapter to the analysis 
of current and future markets for space-related nanotechnological products and applications.

Maria Letizia Terranova is an honorary professor of materials chemistry at 
the University of Rome “Tor Vergata,” Italy, where she teaches nanostructured 
materials and solid state characterizations. She holds 5 patents and is author of 
more than 340 articles published in international peer-reviewed journals and co-
editor of 8 books.

Emanuela Tamburri is an assistant professor at the Department of Chemical 
Science and Technologies, University of Rome “Tor Vergata,” where she is a docent 
of general and inorganic chemistry and chemistry of materials for molecular 
electronics. She holds 2 patents and is author of more than 125 articles published 
in indexed peer-reviewed journals.
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Under the broad theme “Nanotechnology in Space,” this book 
highlights some selected topics related to nanotech applications 
in the strategic sector of space. The expanding field of “space” 
encompasses a lot of items, from spatial stations to satellites, from 
manned/unmanned vehicles to deep-space vessels and future lunar 
habitat. The ambitious vision of an enlarged exploration of the solar 
system as well as of Moon and Mars colonization in the decades to 
come needs now to realize in a practical context many of the fanciful 
paradigms cultivated at the beginning of the nanotechnological era.
 In this regard one must note that the rational engineering of 
complex nanostructures has already enabled to achieve outstanding 
results in many “on-the-earth” applications. However, in comparison 
with on-the-earth applications, the space, in view of the peculiar 
characteristics of the out-of-earth environment, poses additional 
challenges that must be considered. Beyond the severe shocks due 
to cycling variations of both temperature and pressure, the materials 
experience extreme changes in gravitational forces. Moreover, 
several uncommon effects occur in the outer space. Galactic cosmic 
radiations, solar particles and neutrons generated by secondary 
nuclear processes represent hazards not only for the humans but 
also for the structural components and the electronic systems of the 
spacecrafts.
 Corona discharges and gas condensation are produced by in-
vacuum outgassing and gas clouding, with consequent modification 
of optical, thermal, and electrical properties of materials. Other 
limits of performances are due to impacts from debris and 
micrometeoroids that produce damages in the outer layers of the 
spacecrafts, or to the corrosion induced by atomic oxygen for low-
earth orbits.
 Beyond designing nanomaterials with on-demand combinations 
of tunable properties and with architectures able to avoid premature 
systems failure, the instruments and components that constitute 
the payloads of space missions must match further requirements. 
Whereas some demands, such as a net reduction in weight, mass 
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footprint, and power consumption, are common to all the space-
related uses, others are almost specific. As an example, speaking 
about the mechanical properties, for each nanomaterial/system and 
for the reliability of each operation, the main requirement could be, 
in turn, hardness, toughness, resilience, or a combination of them.
 The working at the frontier of chemical physics and of materials 
engineering is giving an unprecedent control of matter on the 
nanoscale and will enable, in perspective, to withstand the very 
unique space environment increasing safety and reliability of 
all the space-related activities. To make this happen, design of 
multifunctional nanomaterials, innovations in manufacturing 
processes, creation of new products, and realization of advanced 
devices represent the fundamental building blocks of the value chain 
that got started.
 The “NASA Technology Roadmaps - TA 10: Nanotechnology,” 
released by NASA in 2015, identified four key topics to be developed 
during 2015–2035. The planning, further confirmed in the recently 
released “NASA-2020 Technology Taxonometry,” was to cover 
the four areas of propulsion, materials/structures engineering, 
energy generation/storage/distribution, and devices. The last 
topic was subdivided into sensors/actuators, nanoelectronics, 
and miniaturized instruments/components. The awareness about 
the objectives to be attained, jointly with remarkable studies and 
stimulating debates, is leading the scientific community toward 
encouraging advancements in almost every area, facilitating the 
goals to produce faster, lighter, cheaper, more reliable/versatile, and 
less energy-consuming objects.
 This book features six chapters that showcase some present 
activities combining creativity with a multidisciplinary approach 
and, moreover, identify future efforts needed to further expand the 
mega trend of nanotechnology in space. More specifically, the first 
five chapters provide an up-to-date look at the ongoing experimental 
activities in such rapidly progressing research field and elucidate 
with concrete examples the many aspects of nanomaterials and 
nanotech tools advantageous for the space sector. But we should not 
forget that the space is a strategic sector in the global economy, with 
an even increasing worldwide related businesses. In this light, the 
sixth chapter is dedicated to the analysis of the current and future 
markets for space-related nanotech products and applications.
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Chapter 1, “Nanotechnology for Space Power Devices” by Dr Ryne 
P. Raffaelle, focuses on carbon nanotubes (CNTs), the outstanding 
class of nanocarbons that can find place in a variety of aircraft 
structures and components, from payloads, instrumentation, and 
devices to propulsion and power systems. The chapter reviews 
the current state of the art of space power devices used to provide 
electrical power to aerospace vehicles. The adaptive use of CNT 
is now allowing fabrication of innovative quantum dot solar cells, 
highly efficient rechargeable Li-ion batteries and thermionic devices 
for energy conversion, as well as supercapacitors for energy storage. 
Moreover, CNTs in the form of electrical wires are being tested for 
power management and distribution in spacecrafts and platforms. 
The engineering of CNT shows tremendous promises also in the 
last-generation propulsion systems, such as the alternative concept 
of electric propulsion (EP), where the propellant is accelerated by 
electromagnetic fields. The high efficiency of EP in converting energy 
to thrust requires a very small mass of propellants to accelerate a 
spacecraft and makes, therefore, possible a decrease in the loaded 
weight. As indicated in the NASA studies cited in this chapter, a 
decrease in the overall vehicle mass by up to 50% could be obtained 
by employing properly engineered CNTs in the assembling of both 
primary and secondary structures. The achievement of such a goal 
would mean a reduction in launch costs, a more affordable access to 
space, and, at the same time, an increase in functionality, safety, and 
reliability of the missions.
 Under the title “Nanocomposite and Nanostructured Materials: 
Applications and Devices for Aerospace,” Chapter 2 by Dr Rodolfo 
Guzzi et al. presents a scenario of current studies focused on 
materials/devices for applications in avionics, satellites, space 
vehicles and platforms, communication, and radar technologies. 
Here the reader can find a selection of technologies that represent 
very important opportunities for the aerospace industry. Starting 
from nanocomposite materials and techniques for their assembling 
into defined architectures, this chapter illustrates the state of the art 
of the thermal protection systems (TPS) designed for atmospheric 
re-entry, as well as of the technologies adopted for thermal barrier 
and wear-resistant coatings. Several examples of polymer-based 
ablative nanocomposite materials are presented, along with their 
mechanical and thermal properties and the results of the tests 
performed under working conditions.



xii Trends in Space Nanotechnologies

 As regards the nanotech-based devices, this chapter reports 
on currently available or foreseen set of miniaturized sensors and 
lab-on-a-chip biosensors able to control and monitor the physical, 
chemical, and biological conditions inside and outside the space 
vehicle. The next generation of sensors, in some cases based on 
non-traditional materials, is expected to manage at the best the 
issues to detect and measure in continuous a series of very different 
parameters. Among the multitude of tasks that sensors will be called 
to do during space and planetary explorations, there are indeed the 
inspection of astronaut health, the control of the structure reliability, 
and the analysis of the instrumentation functionality. For the spectral 
analysis of radiations, Guzzi et al. proposed an innovative highly 
performant scanning micro-interferometer. The most peculiar 
characteristic of such optical device is the lack of moving parts, which 
enables better efficiency and a longer working life. Moreover, the 
small size and the negligible weight of the device allow the packaging 
of several similar items, each of them optimized for a specific narrow 
spectral range. Based on the same technology, an optical gyroscope 
has also been fabricated, which can find application as valuable 
attitude sensors. Such devices, with performances improved by CNT, 
can work coupled with a chemical monopropellant micro-thruster 
obtained via nanotechnological fabrication steps.

Chapter 3, “Advanced Polymer Composites for Use on the Earth and 
in Space” by Dr Konchits Andrey et al., focuses on the outstanding 
matter of dual-use nanotechnologies and deeply illustrates the mutual 
benefits of key-enabling materials that can be used successfully both 
on earth and in space. Joining all aspects of science and technology 
in a highly adaptive manner is a fundamental concept for managing, 
at the best, the human and economic resources and for reaching in 
a short time many challenging goals. Here the attention is focused 
on innovative nanocomposites based on “phenylone” polyamide 
polymer. A series of low-cost/low-weight hybrid nanomaterials 
are obtained by combining the aromatic polyamide with various 
classes of materials, such as graphites, metals, organic compounds, 
nanocarbons, and more. The chapter showcases manufacturing 
schemes, structural analysis, and applications in many technological 
areas of such last-generation nanomaterials characterized by a 
number of unrivalled properties, going from the thermophysical to 
the magnetic and tribological ones. The combination of outstanding 
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properties is a fundamental requirement for long life-time missions, 
when materials used to assembly components must provide 
solutions to complex problems, such as resistance to thermal cycling 
coupled with high stiffness/strength.

Chapter 4, “Printable Materials for Additive Manufacturing in Harsh 
Earth and Space Environments” by Dr Amanda M. Schrand et al., faces 
the topic of “on-site” in-space fabrication and repair of equipment 
and infrastructures using additive manufacturing (AD) techniques. 
The use of 3D printing can allow production/replacement of tools 
during the missions, avoiding the need for a re-supply from earth and 
reducing launch costs. In this context, the emphasis is on the choice 
of materials able to globally withstand the critical conditions of 
harsh environments. The contribution by Schrand et al. illustrates a 
series of polymer-based nanocomposites and ceramics formulations 
able to behave as extrudable and printable inks for AD. The results 
of materials exposures and degradation experiments carried out 
under extreme conditions demonstrate the maintenance of the 
structural and functional properties and the prolonged service life 
of the parts/systems assembled with the polymer- and silicon-based 
nanocomposite inks. The chapter discusses the feasibility of 3D 
printing in microgravity and at zero gravity and reports on the 3D 
printing experiments performed on board the International Space 
Station. Such experiments represent a fundamental proof of concept 
to assess the feasibility of future AD manufacturing in deep-space 
missions. Another interesting topic addressed in this contribution 
is that of the feasibility to use the “local” soils of Moon or Mars for 
manufacturing the items that will be needed for colonization. In 
this context, the chapter discusses if the chemical composition and 
properties of the Lunar and Martian regolith could allow their use as 
feedstock material for 3D technologies.

Chapter 5, “Nano-Based Coating for Spacecraft: Antibacterial Film 
for Manned Application” by Dr Antonia Simone and Dr Cristina 
Balagna, deals with effective strategies offered by nanotechnologies 
to generate antibacterial surfaces. The antifungal and antibacterial 
protection of the human crew represents indeed an outstanding 
bio-related application of the nanotechnology for space. In spatial 
manned missions, a very critical concern is the formation of resistant 
biofilms produced by bacterial and fungal species on surfaces. 
Highly adherent biofilms are found deposited on all the materials 
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present inside the close environment of spacecrafts. The effect is 
even more critical for life-supporting regenerative equipment, such 
as the systems for water regeneration from air condensation, where 
bacterial/fungal associations and lipoprotein complexes produce 
compact and well-adherent biofilms on the inner surfaces of pipes. 
The potential effects of such microbiological populations on the safe 
living and working of crewmembers need the implementation of 
effective countermeasures. In this context, nanomaterials offer great 
potentialities for the design of surfaces able to control the attachment 
of living cells. The properties of some traditional antifungal and 
antibacterial materials are indeed found strongly enhanced by 
the process of size nanoscaling, which allows a better interaction 
with cell surface and induces a more likely rupture of cellular 
membranes. The chapter discusses solutions to minimize hazards 
for manned spaceflights and presents an overview of the advanced 
methodologies nowadays proposed to engineer nanomaterials and 
to enhance the biocide efficiency of nanostructured surface layers.
 The book also expands to describe the current market and 
future directions of nanotechnology in the space sector. This topic 
is discussed by Dr Tanya Scalia and Dr Lucia Bonventre, who in  
Chapter 6, “Nanotechnology in Space Economy,” present an 
exhaustive market analysis encompassing the whole area of strategic 
applications: materials and structures; sensors, electronics, and 
devices; energy storage, power generation, and power distribution; 
life support systems; payload/satellites; and space transportation 
and propulsion systems. As explained in the chapter, space economy 
is a concept not limited to the traditional “upstream” space sector, 
but rather a long value-added chain, starting with research and 
development and ending with the final users. Such “downstream” 
segment of the value chain leads to benefits for the global 
economy and explains the growing interest in space technology of 
governments, public institutions, and also private investors around 
the world. In this context, Drs Scalia and Bonventre also discuss 
the impact that the space-related nanotechnologies and products 
already have and will have on the terrestrial markets. This important 
aspect is explored by deeply analyzing the strategic possibilities 
offered by such “bidirectional” applications in both the sectors and 
presenting an analysis of the enormous numbers of patents related 
to space nanotechnology, released worldwide during 2010–2019.
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 In view of these numbers, one can well understand that the 
objective of the present book is not, of course, to present an exhaustive 
review of all the aspects of space-related nanotechnologies. This 
selected collection of contributions from high-level authors gives 
rather the opportunity, for those seeking to enter this fascinating 
field, to look at a scenario where “nanotech” routes and innovative 
solutions are in a continuous evolution. Some of the themes 
illustrated here are presently mature for practical implementations, 
whereas others are beyond the immediate horizon, but it should be 
considered that scientific/technological developments can make 
what seems impossible today commonplace tomorrow. The research 
continues!

Maria Letizia Terranova

Emanuela Tamburri

April 2021




