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• Apollo 11 (1969) Neil Armstrong (Commander), Buzz Aldrin, 

Michael Collins 

• Apollo 12 (1969) Charles “Pete” Conrad (Commander), Alan Bean, 

Richard Gordon

• *Apollo 13 (1970) James Lovell (Commander), Jack Swigert, Fred 

Haise

• Apollo 14 (1971) Alan Shepard (Commander), Edgar Mitchell, 

Stuart Rosa

• Apollo 15 (1971) David Scott (Commander), James Irwin, Alfred 

Worden

• Apollo 16 (1972) John Young (Commander), Charles Duke, Thomas 

Mattingly

• Apollo 17 (1972) Eugene Cernan (Commander), Harrison Schmitt, 

Ronald Evans

Moon Landing Missions:

Apollo 15-Astronaut James B. Irwin, lunar 

module pilot, works on the Lunar Roving Vehicle

WE’RE GOING BACK!
Artemis Program: Return to moon-2026

https://www.nasa.gov/specials/artemis/

*mission aborted

Apollo Program ran from 1961 to 1972

6

NASA is now preparing for an ambitious new era 

of sustainable human spaceflight and discovery

Nature | Vol 605 | 12 May 2022

https://www.nasa.gov/specials/artemis/


Issues and Concerns with 
Space Exploration

Orbital debris

Radiation

Lunar dust

Payload weight reduction

Crew health and safety

ISRU

doi: https://doi.org/10.1038/d41586-022-01253-6



The Wonderful World of Polymer Aerogels!

What is an aerogel?

• An open-celled, light weight, porous material 

derived from a gel in which the liquid is 

replaced by gas while maintaining the self-

assembled three-dimensional structure

Scanning Electron 

Micrograph of  polymer 

aerogel matrix

Aerogels made using sol-gel synthesis and 

supercritical fluid extraction

500 nm

polymer aerogel 

cylinder (1g)

(SA= 850 m2/g)

Many characteristics of aerogels are 

tailored by using various chemistries; 

however, all aerogels have these 

Typical Properties:

• High porosity (> 90 %) 

• Nano-scale pore sizes (10-40 nm)

• Low density (0.1-0.2 g/cm3)

• Large surface areas (400 – 850 m2/g)

• Low thermal conductivity (~20mW/m∙K)

• Low dielectric (1.1) 

• Low refractive index (1.02-1.09) 
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Current aerogel products and market

Cabot Lumira® Aerogel for 

daylighting applications

Aspen Aerogels 

Spaceloft® insulation BASF Slentite© panels

Aerogel Technologies Airloy®

Fireproof aircraft panels/noise 

mitigation

Blueshift AeroZero® 

thin film insulation Outdoor gear/apparel

Insulated portable living space 

by Nice Architects 

© Aerotherm

thermal cooler
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Applications for durable aerogels in 

aeronautics and space exploration

Cryotank Insulation

Vibro-acoustic mitigation

Ultra-lightweight, multifunctional structures for 

habitats, EVA suits, rovers
Heat shielding

Light weight satellite ODC

Fan engine containment

(Ballistic protection)

Propellant tanks

Inflatable aerodynamic 

decelerators
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Rover Battery Insulation

• Sensitive internal components must not exceed extreme 

temperatures of -40° Celsius to +40° Celsius (-40°

Fahrenheit to 104° Fahrenheit)

• Night temperatures on Mars can drop to -96° Celsius (-

140° Fahrenheit).

• The rover is kept warm by a special layer of silica 

aerogel

11

Stardust Mission

• NASA’s Discovery Mission Stardust 

launched with the intention of 

performing a close (142 km) flyby of the 

comet Wild-2 in order to collect 

cometary samples embedded within an 

aerogel substrate. 

Improving on Previous Technology
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Durable aerogels by reinforcing silica 

aerogels with polymers

Native Cross-linked

• Polymer reinforcement doubles the 
density 

• Results in two order of magnitude 
increase in strength

• Does not change pore structure

Low density... to higher density, 

same aerogel pore structure

• Versatile: allows cross-linking with variety of 
polymers to tailor properties

Polymer reinforced silica batting

Meador, et al. ACS Applied Materials and Interfaces,  2009, 1 (4), pp 894–906
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• Developed as flexible improved insulation for 

hypersonic  inflatable decelerators for entry 

descent and landing (EDL) applications

• Improvement over Pyrogel 3350—less dusty, 

onset of decomposition 550-600 oC

• PI aerogels stable up to temperatures of 400 oC

13

Flexible insulation layer for thermal 

protective system (TPS)
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Why polyimide aerogels?

14

Polyimides

• DuPont-high temperature 

engineering polymers

• High glass transition (Tg) temp

• Thermal stability (>500 °C)

• Mechanical strength –toughness, 

flexibility, high tensile strength

• Chemical resistance

• Transparency

• Electrically insulating

Aerogels

• Low density

• High porosity

• High surface area

• Low Tc

Strong and Flexible
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Dianhydrides

3,3’,4,4'-biphenyltetracarboxylic 

dianhydride (BPDA)

Benzophenone-3,3’,4,4'-tetracarboxylic 

dianhydride (BTDA)

Pyromellitic

dianhydride (PMDA)

Diamines

4,4'-oxydianiline (ODA)

4,4'-Bis (4-aminophenoxy) biphenyl 

(BAPB)

Cross-linkers

Tris-1,3,5-aminophenoxy benzene 

(TAB)

1,3,5-benzenetricarbonyl 

trichloride (BTC)

Polyimide Synthesis Mechanism and Monomers

octa(aminophenyl)polysilsesquioxane (OAPS)
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Polymer 
Synthesis
/Gelation

Solvent 
Exchange

Supercritical 
Fluid 

Extraction

Aerogel Fabrication Process
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Aerogel Properties

Structure Chemistry

➢ High porosity

➢ Nano-scale pore size

➢ Low density

➢ High internal surface area

➢ Low Tc and dielectric

silica

polymer

➢ Aliphatic in backbone 

increases flexibility 

like nylon

➢ Aromatics in backbone increases 

strength and temperature resistance 

like graphite

Typical in all aerogels Varies in all aerogels
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Polyimide Aerogel Development

Tunable Transparency

Improved mechanical properties

3D printing

Radiation mitigation

Tailored 

Hydrophobicity

IR filtration

Acoustic impedance

Tunable pore structure

Enhanced thermal impedanceOrbital debris containment



National Aeronautics and Space Administration

www.nasa.gov 19

Multifunctional, Universal Thermal 

Insulation System
• Current multilayer insulation (MLI) 

only functions in vacuum

– Layers of Mylar separated by scrim 

layers

• MLI incorporating aerogel in place of 

scrim reduces TC by 23-37%

MLI with and without aerogel tested under simulated Mars 

atmosphere (8 Torr Argon, -120 to 20 oC) 

2D Graph 1
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Polymer Aerogels for Passive 

Thermal Containment
Aerogels for Surviving the 

Lunar Night (ASLAN)

Tunable opacity

PTC for habitats, 

greenhouses, terraforming

Vivod, et al. ACS Appl. Mater. Interfaces 2020 (7) 8622-8633

Higher transmissivity and optical 

clarity with fluorinated monomer
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Fluorinated Monomer Incorporation

amic acid oligomer

amine end-capped  polyimide 

Crosslinked polyimide
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Improved transparency

Thermal imaging of aerogel vs plate glass

Heat transfer through a pi aerogel 

cylinder (left) and block (right)-30 min 

~90 °C

~35°C
~27°C

Patent No .: US 10,800,883 B1 Optically Transparent Polyimide Aerogels 

Glass plate

1.2 W/mk
PI aerogel 

0.04 W/mk

Polyimide aerogel is 30-60 

times more thermally 

insulating than glass plating at 

room temperature and ambient 

pressure 
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Advanced Acoustic Materials for 

Noise Mitigation 

• Vibro-acoustic loads pose threat to payload launch 

survivability

• Aerogels will add damping to the structure, which 

reduces the amplitude of the vibration and noise 

transmission in addition to weight reduction

Reflection coefficient of polyimide 

aerogels vs melamine foam
Absorption coefficient of polyimide 

aerogels/melamine foam composite

STMD-GCDP-ACO (Aerogel Technologies)
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Orbital Debris Remediation and Energy 

Absorption

Polymer aerogel acts as an energy dissipating barrier

Malakooti S, et al. Polyimide aerogels for ballistic impact protection. Sci Rep. 2022 12(1):13933
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Low dielectric properties of PI aerogel

• Improved gain and efficiency 77 % 

lighter in weight

• Broader bandwidth allowing for 

reduced number of antennas

25Meador, et al. ACS Appl. Mater. Interfaces 2012, 4, 11, 6346–6353

Beyond line of sight (BLOS) coverage for UAS

Phased array antennas

• Electronically attenuated ultra low side lobes to avoid interference 
with ground

• Build out of ultra-lightweight, low dielectric polymer aerogels

– Up to 80% weight savings by using unconventional materials

• Reduced drag through use of conformal designs
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Approach to more flexible aerogels 
• Utilize aliphatic diamines to  replace up to 75 % of aromatic diamine

26

50% DAMP 75% DAMP 

75% DADD 50% BAPN 



National Aeronautics and Space Administration

www.nasa.gov

BLOS Communication for Space Applications

27

Lunar Atmosphere and Dust Environment 

Explorer (LADEE) satellite in lunar orbit 

https://www.nasa.gov/sites/default/fil

es/atoms/audio/ep157_gateway.mp3

The Deep Space Network  (DSN): NASA’s international array of giant 

radio antennas that support interplanetary spacecraft missions

Mars Reconnaissance Orbiter Mission

International Space Station
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Aerogel IR Scattering Filters for mm and Sub-mm 

Astrophysics (Origin of Life Studies)

• IR blocking filters made by embedding 

scattering particles in an aerogel 

substrate

• Maximizing the sensitivity of 

millimeter and sub-millimeter 

instruments requires rejection of 

infrared (IR) light.

T. Essinger-Hileman,et al. Appl. Opt. 59, 5439-5446 (2020)
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The Southern Ring Nebula

Near-infrared image of galaxy cluster

Stephan’s Quintet

Carina Nebula

edge of a nearby, young, star-forming region

SMACS 0723

a cluster of five galaxies between 40 million -290 million 

light-years away

"planetary nebula" - vivid shells of gas and dust expelled 

into space by a dying star some 2,000 light-years away
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SSOLVE: 
Submillimeter Solar Observation 

Lunar Volatiles Experiment

EXCLAIM will map CO 

and ionized carbon [CII] 

at redshifts of 0 < z < 3.5 

(depending on the line) 

to try to understand star 

formation over cosmic 

time

Aerogel scattering 

filters are the 

baseline infrared-

blocking filter for 

EXCLAIM

The EXCLAIM 

band is 420-540 

GHz and the filters 

should effectively 

block radiation 

above 1 THz

PI: Eric Switzer (GSFC)

EXCLAIM: 
The EXperiment for Cryogenic 

Large-Aperture Intensity Mapping

• SSOLVE will measure water vapor to learn which 

source(s) of water dominates the lunar 

atmosphere.

• Operate submillimeter spectrometers from a 

lander, using a heliostat to target the Sun and to 

measure the column abundance of H2O, OH, and 

HDO in the lunar atmosphere

EPSC Abstracts, Vol. 13, EPSC-DPS2019-1173-1, 2019

PI: Berhanu Bulch (GSFC), Tim Levingood (University of Maryland)
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Melanized Aerogel for 

Radiation Mitigation

Melanized aerogels exhibit higher absorption 

over native aerogel with little to no effect on 

surface area, density, shrinkage, and porosity

PDA-coated silica aerogels at coating time (t) t=0, 1, 

2, 3, 7, 12, 21, 24 h.

SEM images of the surface morphology  of native aerogel (a) and 

PDA coated aerogel at t=12 h (b) and t=24 h (c)
Representative UV-vis spectra for PDA-coated 

aerogels at t=0, 3,12

G.Rey, et al. ACS Appl. Mater. 

Interfaces 2021 13 (34), 41084-41093
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Aerogel applications with Industry, 
Academia, and OGA’s

• Aerogel Technologies, LLC: Holds the highest 
number of licenses for NASA aerogel technology

• UT Austin/NSF: ultralight carbon aerogel 
electrodes to increase energy density of 
rechargeable batteries 

• Scintilex,LLC/DoE: Highly transparent aerogel -
high energy particle detection 

• Aspen Aerogel-SBIR with NASA: Thin Aerogel as 
a Spacer in Multi-Layer Insulation. Fixed-Wing and 
Rotary-Wing Aircraft Thermal, Acoustic, IR & Fire 
Protection

• US DoD/ Lockheed Martin: Nanocellulose 
Aerogels for UAV applications

• Washington State University: 3D-printed LH2 
Tank-Aerogel Insulation

• Bremont Watch Co(UK)/Boeing: Wristwatches 
and chronometers featuring Boeing aeroplane
material (aerogel)

• Designer Claire Choisne:  Boucheron’s Goutte de 
Ciel, which translates as “taste of the sky.”                                                            

https://us.boucheron.com/en_us/
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Collaboration with Aerogel Technologies

RSSA-Launchspace Technologies
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License NASA’s Patents
• NASA’s patents can be browsed on the Technology Transfer Program website:  technology.nasa.gov

• Patents are sorted into industrially relevant categories

• Licenses come with a variety of terms depending on intended use:

• Research license:  allows licensee to “test drive” commercial viability of NASA’s technologies with 

minimal risk

• Government use license:  allows licensee to leverage NASA technologies for government funded 

projects

• Commercial license:  Secure rights to make and sell products based on NASA technologies

Use NASA’s Software
• NASA’s software can be accessed and used for no cost via a Software Usage Agreement

• To search NASA’s available software, visit the NASA Software website:  software.nasa.gov

Access NASA’s Facilities and Subject Matter Experts
• NASA can participate in cooperative research and 

development using the Space Act Agreement (SAA)

• SAAs are individually negotiated

• NASA also can partner with foreign organizations

Partnering with NASA 

Strategic Partnership Office

grc-techtransfer@mail.nasa.gov

https://technology.grc.nasa.gov

mailto:grc-techtransfer@mail.nasa.gov
https://technology.grc.nasa.gov/
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NASA Spin-off Technology

https://spinoff.nasa.gov/ https://spinoff.nasa.gov/sites/default/files/2022-01/Spinoff.2022.pdf

CMOS IMAGE SENSOR
When NASA needed miniature cameras 

for interplanetary missions, they created 

the CMOS active pixel sensor.

MEMORY FOAM
Originally designed by NASA-

funded researchers to keep test 

pilots cushioned during flights.

SCRATCH-RESISTANT 

SUNGLASSES
NASA’s Ames Research Center 

conducted research on ways to protect 

astronaut helmet visors from scratches, as 

well as increase their ability to filter out 

UV-rays and enhance colors.

GLOBAL POSITIONING 

SYSTEM (GPS)
NASA’s Jet Propulsion Laboratory (JPL) developed 

a software in the 1990s to correct errors in the data 

from their global network of receivers.

And don’t forget about these:

• Anti-corrosion coating

• Cordless vacuums

• Arterio vision

• Cochlear implants

• Insulin pump

• Charge coupled devices

• Water filters
36

https://spinoff.nasa.gov/
https://spinoff.nasa.gov/sites/default/files/2022-01/Spinoff.2022.pdf
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Office of STEM Engagement/Education
A Universe of NASA Opportunities

https://intern.nasa.gov/

https://intern.nasa.gov/
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