
ISSRDC 2019 Materials Science in Space Workshop 
 

Objectives and Breakout Sessions 
 
NASA has a significant interest in research into materials that support and enable the exploration of 
space. The ISS National Lab materials program is focused on basic and translational science as well as 
applied research that benefits life on Earth. 
 
Enacting Space Policy Directive 1—Reinvigorating America’s Human Space Exploration Program—will 
require innovative materials in every aspect of space exploration, from Earth launch to human 
habitation on the moon and Mars. Space Policy Directive 2—Streamlining Regulations on the 
Commercial Use of Space—is intended to stimulate American leadership in space commerce that will 
include the discovery, development, and manufacture of new beneficial materials in space for use on 
Earth. 
 
The International Space Station (ISS) provides researchers the ability to conduct long-duration 
experiments in low-Earth orbit, enabling scientists, engineers, and technologists to pursue innovations 
and discoveries not achievable by other means. Materials science encompasses a breadth of research 
areas made accessible in an environment where gravity-driven phenomena such as buoyancy-driven 
fluid flows and sedimentation are nearly negligible, allowing scientists to clarify the role of different 
effects on materials processes.  The ISS also supports a variety of external platforms that enable 
exploitation of the harsh space environment for development and testing of new materials. 
 
NASA’s Division of Space Life and Physical Sciences Research and Applications (SLPSRA) is planning 
research and technology development to enable human spaceflight and scientific discovery beyond 
Earth orbit, and investigations into materials enabling exploration goals are of particular interest. The 
ISSNL focuses on research and technology development with impacts that range from fundamental 
discovery to enabling significant commercial opportunities. 
 
This Workshop focuses on the identification of future materials science investigations that enable both 
NASA’s exploration and ISSNL’s research and technology development goals.  The three main sessions 
are Functional Materials; Materials Characterization, Microstructure and Process Modeling; and Lunar 
Infrastructure and Surface Operations.  Crosscutting through all three of these sessions are advanced 
manufacturing techniques (including additive manufacturing), thermophysical properties 
measurements, and computational materials science enabled by machine learning and artificial 
intelligence. 
 
 
Functional Materials 
 
This breakout session focuses on use of the microgravity environment of the ISS platform to develop 
materials with improved or tailored properties and characteristics that are useful terrestrially or in 
exploration systems.  The term "functional materials" typically includes classes of materials with native 
functional properties such as ferroelectricity, piezoelectricity, magnetism and energy storage.  Broader 
interpretation includes biomimetic materials, self-assembly, smart coatings and films, and interface 
engineering. 
 
 



Materials Characterization, Microstructure and Process Modeling 
 
This breakout session focuses on use of the ISS platform to conduct benchmark experiments in the 
microgravity environment to examine microstructure development and to obtain critical thermophysical 
properties needed for development and validation of physics-based models applicable across a wide 
spectrum of fabrication processes. Fundamental understanding of processing-structure-property 
relationships provides the key to advanced materials development and insight into advantages and 
limitations of advanced manufacturing techniques. Examples include alloy solidification experiments and 
kinetic and surface energy anisotropy measurements needed to support multiscale modeling of additive 
manufacturing or electron beam welding on the ground and in space.  
 
 
Lunar Infrastructure and Surface Operations 
 
This breakout session explores various materials systems and processes unique to the exploration 
challenges of operating in space, lunar and Martian environments.  The focus of the session is to identify 
potential classes of experiments using the ISS as a platform to understand the effects of microgravity or 
reduced gravity on materials production and repair processes needed to sustain extended duration 
surface operations.  Limited opportunities may also include the use of lunar landers as an alternate 
platform.  Examples include habitat and launch/landing pad construction materials, radiation shielding 
materials, dust mitigation, planetary surface construction, joining, manufacturing and repair processes. 
Additionally, the potential for these experiments and techniques to provide insights into development of 
advanced materials and processes for terrestrial benefits will also be discussed. 


