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Catching a Comet with Aerogel: 
an insiders story 

My photo NASA photo 
© Copyright 2012, Douglas J. Buettner and Peter Tsou all rights reserved. 

My software 
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Comets… 

*Carl Sagan and Ann Druyan, in the foreword of COMET, Random House, 1985   

You lift your children onto your shoulders that they may 
better see a comet and, in so doing, join a chain of 
generations that stretches back far beyond the reach of 
written memory. There is no cause more important than 
protecting that ancient and most precious continuity.* 

NASA simulation 

2007, Comet McNaught 

Photo: Courtesy of European Southern Observatory, Chile 
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The view of comets throughout history… 

For centuries, mankind was in awe of these celestial 
bodies…  
 In the TV series Cosmos, Carl Sagan notes: 
 

* Carl Sagan, Cosmos, Part 4, Heaven and Hell 

“We humans like to think of the heavens as stable, 
serene, unchanging. But comets suddenly appear 
in … and ominously in the sky night after night for 
weeks.  
So the idea developed that the comet had to be 
there for a reason and the reason was that the 
comets were kind of predictions of disaster. They 
for told the deaths of princes and the fall of 
kingdoms.”* 
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The space age and the race to visit Halley’s comet… 

 In 1958, JPL performed concept studies for cometary missions. 
 

 In 1967, the Lockheed Missile and Space Company made the first study 
to intercept and rendezvous with Halley’s comet. However, these 
missions require a significant amount of propulsion to place the 
spacecraft in the same orbit as the comet, in order to achieve a slow 
speed encounter. 
• An intercept mission to Halley’s comet would have led to encounter speeds 

between 15 and 60+ km/sec depending on orbit intercept location and 
mission specifics.   

 
 NASA investigated numerous concepts through the ‘70s and early ‘80s 

to visit Halley’s comet but due to the cost of the shuttle program they 
were all eventually abandoned.  
• Tsou participated in a Halley Intercept Mission (HIM) in ‘81 and led the Halley 

Earth Return (HER) study. 
 Under Carter inflation was double digits so no new mission starts were 

approved. 
P. Ulivi, D. M. Harland, Robotic Exploration of the Solar System: Hiatus and renewal 1983-1996, Part 2, pp. 16-29.  
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The space age and the race to visit Halley’s comet… 

 In 1973, a Japanese delegation from their Institute of Space 
and Astronautical Sciences (ISAS) visiting NASA 
headquarters discovered, that despite years of planning, a 
NASA mission to Halley was unlikely.  
 This led to the Japanese approving a mission to Halley in 1979. 

 
 In 1979, the Japanese ISAS mission to Halley was approved  

using two very similar spacecraft to Halley, MS-T5 and 
Planet-A (Sakigake and Suisei).  
 Sakigake was a test spacecraft launched in advance to verify aspects 

of the mission, it carried instruments to characterize the planetary 
medium, and flew 5 million kilometers sunward of Halley.  

 Suisei flew no closer than 200,000 km of the nucleus.  Suisei had two 
instruments, an electrostatic analyzer and an ultraviolet 122x153 
pixel CCD camera. 

P. Ulivi, D. M. Harland, Robotic Exploration of the Solar System: Hiatus and renewal 1983-1996, Part 2, pp. 16-29.  
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The space age and the race to visit Halley’s comet… 

 In 1979, NASA and ESA scientists worked on another Halley flyby 
mission termed Halley Post Perihelion Encounter (HAPPEN). 
 Various options were investigated but the joint venture collapsed in 1980. 

 
 In 1980, the HAPPEN collapse gave rise to the Giotto mission to Halley’s 

comet and in 1986 provided the first ever images of a comet’s nucleus.  
 At a relative encounter speed of ~78 km/sec! Among the numerous scientific 

instruments was a spectrometer designed by the Germans that assumed the 
cometary dust particles would resemble ‘Brownlee  particles’ which Don 
Brownlee at the University of Washington had captured in high altitude 
balloons. However, the German instrument was not calibrated, as there was 
no terrestrial method to accelerate particles to these velocities.  

 The NASA/ESA has a Temple 2 Halley Flyby Mission where Giotto was the 
probe for Halley but the NASA mission was killed by the Carter 
Administration so ESA was forced to expanded Giotto into a full mission. 

P. Ulivi, D. M. Harland, Robotic Exploration of the Solar System: Hiatus and renewal 1983-1996, Part 2, pp. 27-39.  
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The space age and the race to visit Halley’s comet… 

P. Ulivi, D. M. Harland, Robotic Exploration of the Solar System: Hiatus and renewal 1983-1996, Part 2, pp. 27-39.  

Halley Multicolor Camera Team, Giotto Project, ESA 
ESA photo 



slide 8 

Catching a comet… 

The first JPL/NASA study to return comet samples was the 
Halley Sample Return (HSR) mission and its variants Halley 
Intercept Mission (HIM) and the Halley Earth Return (HER) 
mission.  HER missions investigated simply returning 
atomized samples in ultra-clean foils or compressed gas 
canisters, at 68 km/s, not intact dust grains. 
 

Dr. Tsou, tells a story that when he briefed his idea for the 
intact capture concept for the first time at a JPL colloquium; 
he actually had somebody in the audience stand up and say 
that it was impossible to capture the comet’s micron sized 
dust grains intact and walked out. 
 Ah yes, the vicissitudes of science!  
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Hypervelocity Intact Capture Research at JPL/OSU 

 In the late ’80’s Dr. Tsou funded Oregon State University’s late Prof. 
David J. Griffiths to help investigate the Hypervelocity Intact Capture 
Phenomenon 
 
 
 
 
 
 
 
 
 
 

 Partially funded through a NASA student research                                             
grant as a post-bacc and grad student, I invented  

     methods to analyze the light emitted from the flash  
     which answered questions about its origin & HIC dynamic chemistry. 

JPL photo JPL photo 

JPL photo 

JPL photo 

Images courtesy of JPL/NASA 
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STARDUST Co-PI Dr. Peter Tsou… 

“If we could just make aerogel  
…  

then we’ll really have something.” 
Peter Tsou NASA Tech Briefs cover photo 
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What was STARDUST? The culmination of a dream! 

 The STARDUST mission to the Comet P/Wild-2 used a “free-return 
trajectory” to capture and return to Earth for analysis cometary and 
interstellar dust samples with goals for 
 Cometary samples >1000+ particles greater than 15 microns 
 Interstellar samples >100+ particles between .1 to 1 microns 

Simulated STARDUST approach to the comet Deployed aerogel collection grid 

NASA sim. image NASA sim. image 
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STARDUST Free-Return Trajectory 
  

JPL Image 
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How was this possible? 

 Hypervelocity Intact Capture (or HIC for short) invented at JPL by Dr. 
Tsou, is able to capture micron sized dust grains inside  Aerogel 

 

HIC of micron sized glass micro-spheres inside aerogel HIC track in aerogel 

JPL photo JPL photo 
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How was this possible? 

  

Glass micro-sphere after HIC in aerogel  Interstellar dust particle (Brownlee particle) 

JPL photo UW photo 
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What is Aerogel? 

 Aerogel is a solid transparent foam-like substance that looks like “solid 
blue smoke” 
 Invented way back in the late 1930’s by chemist Samuel S. Kissler* 
 SOL-GEL chemistry is used to create a clear ‘Jell-O’ like gel 
 Solvent is extracted in an autoclave at a temperature and pressure 

above the solvent’s critical point leaving the lattice structure in place 

*See Aerogel fact sheet, http://stardust.jpl.nasa.gov/aerogel_factsheet.pdf  
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not to scale 

http://stardust.jpl.nasa.gov/aerogel_factsheet.pdf
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What is unique about Aerogel? 

 Including best insulator and lowest-density solid * 
 Lowest density of any solids**, ~1.9 mg/cm3  

• Air is 1.2 mg/cm3 at 68 oF and sea level 
 Thermal conductivity from 0.03 to 0.004 W/m.K 

• Equivalent to insulation R-values from 14 to 105                     
(typical wall insulation is 13 for 3.5 inches) 

 SiO2 Glass Transition Temperature is 2,420 oF  
 Aerogel “sinters” before it “melts” 

 Wikipedia says silica aerogel holds 15 Guinness World                  
Records for its material properties! 

JPL photo 

JPL photo 

*Current property records obtained from 
 http://en.wikipedia.org/wiki/Aerogel 
** A new substance just this year, may soon take the record 
   for the least dense solid! At a density of 0.18 mg/cm3  
http://en.wikipedia.org/wiki/Aerographite  
 
Images courtesy of JPL/NASA 

JPL photo 

http://en.wikipedia.org/wiki/Aerogel
http://en.wikipedia.org/wiki/Aerographite
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Our Initial Autoclave Configuration… 

Argon used to  
pressurize the vessel 

Valve panel A:  
Used to control 

pressure/de-pressurization 
Valve panel B:  
Used to control 

pressure/de-pressurization 

Winch for removing the 
70 pound lid! 

Meter panel:  
Used to monitor 

pressure/de-pressurization 
and temperature 

Safety Enclosure:  
Outer safety containment 

in case of rapid  
de-pressurization 

Tsou photo 
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Our Initial Autoclave Configuration… 

 Not shown in this early photo were: 
 A computer control cart we first used which had wires running 

everywhere! 
 Autoclave vessel insulation to support efficient heating and 

temperature control 
 My software… 

 Issues we overcame: 
 Computer on a movable cart caused numerous wires to frequently 

detach  
• Forced us to create a permanent location in the lab 

 Electrical short in a Strawberry Tree Inc. control board 
• Dr. Tsou actually hopped on a plane to San Jose with the board in 

hand to get it fixed (not a standard return/fix by any means!) 
 Long pressurization cycles using Argon tanks  

• Switched to ultra-pure dry N2 that could fill it to a higher pressure 
 Began first  extraction runs without automated temperature control 
 Sever shrinkage, cracking, and internal “delamination” 
 Surface damage during the extraction process 
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 Vessel went way over its prescribed temperature on our first attempt at a 
super critical extraction while trying to control it manually: 
 I had to live in the lab for days at a time, and slept on the floor next to it 

trying to manually keep the temperature above the critical point               
– for water! 

 All the bolts rusted, and “froze up” 
• Dislodging them required an 8’ cheater bar to remove 

 Autoclave ‘rusted’ exhibiting carbon/iron based scorching 
• Sand blasting required to clean it off 

Fixing the overheated vessel… 

Tsou photo Tsou photo 
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Our “impossible” 1st flight schedule… 

 E001 came out looking like black glass! An attempt at manual thermal control 
overheated the autoclave as my automated thermal control software was not done 

 Sever shrinkage issues and cracking was resolved by filling the autoclave with 
Acetonitrile (used in the SOL-GEL process) and other process changes  

 E012, E013 and E014 had flight quality aerogel and flew 
 E014 was a seat of the pants “hot extraction” that we finished only about 2 to 3 

hours before we boarded a red-eye flight to Orlando FL to drive to NASA’s                
Kennedy Space Center (KSC) the next morning – to prepare it for flight! 

Tsou photo Tsou photo 
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Photos of ‘aerogel’ from our first 4 “runs” 

Tsou photos 
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What did we manage to do? 

 Successfully qualify Aerogel for space flight … 

Dr. Tsou and I preparing Aerogel for its 
first ever space flight  on top of a  
Get Away Special (GAS) Canister 

that flew on STS-47. 

Aerogel 

STS-47 GAS Bridge 

NASA photos 

Brass “Atomized 
Capture” Sheets 



slide 23 

The final revised autoclave configuration … 

My photo 
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A typical extraction Pressure/Temperature History 
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Revised autoclave configuration aerogel 

JPL photo 
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Aerogel from our lab was… 

Flown on numerous space shuttle flights, including on top 
of the SpaceHAB module… 

On top of the SpaceHAB Module 
inside the Space Shuttle Cargo bay 

NASA photos 
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Aerogel from our lab was… 

Flown on the Mir Space Station … 

NASA photo NASA photo 
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Aerogel from our lab was… 

Flown on the STARDUST Mission to collect cometary and 
interplanetary dust… 

NASA sim. image 

JPL photo 

NASA sim. image 
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Aerogel from our lab was… 

Flown as insulation on a small robotic rover they called 
‘Sojourner’... 

... and is still on the planet Mars! 

NASA photo 
NASA photo 
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Future Sample Return Missions? 

 New sample returns to provide samples from a variety of comets… 
 Other planets for inexpensive sample return missions such as back to… 

NASA photo 

NASA photo 

too look for… 

Extra-terrestrial LIFE! 
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Some little known behind the scene facts… 

 In his review of my charts, Dr. Peter Tsou insisted that I 
state the following:  
 “What I did was a key and yet unknown behind the scene 

contribution that led to numerous miracles that made 
STARDUST possible.” 
 

 Aerogel had to be made successfully, and aerogel had to 
be qualified for space flights.   
• He and I were the primary team members that made 

these possible under very extenuating circumstances: 
we had limited knowledge on how to make aerogel, we 
had no direct funding, and we had a tight flight 
schedule.  Yet, we achieved them miraculously, thus 
paving the road to the success of STARDUST.  
 Important contributions were also made by Dr. Tsou’s 

brother, George (a Ph.D. chemist), Jim Weiss, and 
JPL’s safety office. 
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Some little known behind the scene facts… 

At the time, there were only 5 labs in the world that made 
aerogel: 
 Airglass Inc.,  
 Sandia National Labs,  
 Lawrence Livermore National Labs,  
 Lawrence Berkeley National Labs,  
 and a lab in the Soviet Union.   
 All these labs are highly classified.  We had to interpret from 

available information and invent as we went along to achieve our 
success!   
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What STARDUST found* … 

 Instead of rocky materials from previous generations of stars, most of 
the comet’s rocky materials formed inside our solar system at extremely 
high temperatures. 
 

 Rocks from around Jupiter and Mars were also identified, including 
rounded particles called chondrules and white irregular particles known 
as Calcium Aluminum Inclusions (CAIs) 
 

 Comets are comprised of a mix of materials made under conditions of 
both “fire and ice”! 
 

 Ice formed in ultra cold regions beyond Neptune, but the rocks in the 
comet formed near the sun! 
 

 “Pre-solar” stardust grains were identified, and these stood out due to 
their unusual isotopic compositions. 
 

 The amino acid glycine was confirmed! Not that it wasn’t expected, but 
that it remained detectible after the HIC at ~6 km/s! 

* Don Brownlee, “Stardust: A Mission With Many Scientific Surprises,” http://stardust.jpl.nasa.gov/news/news116.html. 
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What STARDUST found* … 

 From the flyby, we saw kilometer-sized deep holes bounded by vertical 
and even overhanging cliffs; flat topped hills surrounded by cliffs; spiky 
pinnacles hundreds of meters tall, pointed skyward: in addition to the 
numerous jets of dust and gas escaping into space. Two of which were 
from the night side! 
 

 What we did not see in the images were impact craters, such as those 
found on the Moon, Mars and practically every other surface exposed to 
space. The lack of impact craters indicates the surface is new, the old 
cratered surface is gone. 
 This was a topic of great debate at the post-encounter VIP luncheon. 

 

* Don Brownlee, “Stardust: A Mission With Many Scientific Surprises,” http://stardust.jpl.nasa.gov/news/news116.html. 

STARDUST JPL/NASA photos 
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The solar nebula had large-scale radial mixing of large grains 
 
Astronomical models that predict: 
  1) comets are made from interstellar dust 
 2) circumstellar crystalline silicates formed by solid state 
annealing 
 ARE NOT CONSISTENT WITH WILD 2  SAMPLE DATA! 
 
Solar nebula destroyed >99% of its > 1µm presolar silicates & organics 
 -Even at the edge of the nebula! 
 
Most Wild 2 particles >1µm  formed / processed at T>1300K  
 

Conclusions - 1 

Chart is courtesy of Prof. Don Brownlee, University of Washington 
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. 

 
Primitive meteorites (asteroids) are dominated by local 
materials (like chondrules) with only minor amounts of  
non-local materials like presolar grains & CAIs 
 
       but 
 
Comet Wild 2 - non-ice components are ~100% non-local 
  
Comet rocks & dust are samples of far reaching materials 
that traveled the full extent of the solar nebula disk 
 
HYPOTHESIS: 
Most comets contain similar inner SS solids 
(also true for Pluto, Eris and other Kuiper Belt Objects) 

Conclusions - 2 

Chart is courtesy of Prof. Don Brownlee, University of Washington 
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Wild 2 contains a diverse mix of unequilibrated phases 
 
Wild 2 is at least as unmetamorphosed as the least 
metamorphosed chondrite 
 
Wild 2 may contain minor amounts of aquously altered 
phases but the comet solids are primarily anhydrous 
 
Wild 2 is a potpourri of nebular materials & it contains a 
broader range of components that found any primitive 
meteorite type 
 
 

Conclusions - 3 

Chart is courtesy of Prof. Don Brownlee, University of Washington 
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‘Wild’-LY SUCCESSFUL… 

NASA photo 
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‘Wild’-LY SUCCESSFUL… 

NASA photo NASA photo 

Personal photo 
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For more information about… 

STARDUST: 
 http://stardust.jpl.nasa.gov/ 
 http://www.nasa.gov/mission_pages/stardust/main/index.html 

 
Aerogel: 

 http://en.wikipedia.org/wiki/Aerogel 
 http://www.aerogel.org/  

http://stardust.jpl.nasa.gov/
http://www.nasa.gov/mission_pages/stardust/main/index.html
http://en.wikipedia.org/wiki/Aerogel
http://www.aerogel.org/
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CREDITS AND SPECIAL THANKS TO… 

Jet Propulsion Laboratory/CalTech, NASA and Dr. Peter 
Tsou for the numerous images used in this presentation. 
 

My sincerest thanks to JPL’s Dr. Peter Tsou, for his review 
of these charts, his friendship, mentoring and tutelage 
throughout the years. 
 

OSU’s Physics Dept. Chair, Dr. Ken Krane, for the additional 
funding as an OSU Teaching Assistant to make ends meet. 
 

OSU’s late Dr. Dave Griffiths, for getting me involved in the 
first place … and all I can say is WOW, what a ‘Wild’ ride! 
 

And of course, the Rose City Astronomers club for allowing 
me to share our story with all of you! 
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Backup charts… 
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What are some possible Aerogel uses? 

 Thermal insulation  
 blankets 
 buildings 
 refrigerators 
 light weight ideal for aircraft, spacecraft 
 transparency ideal for solar collectors and windows 

 Super capacitors with energy densities around 4 watts/gram 
 with recently developed electrically conductive carbon aerogels 

 Aerogel films with endless possibilities for composite structures 
 Catalytic converters in automobiles 
 Environmental sensors and detectors of biological warfare agents 
 Scintillation counters 
 Super filters capable of filtering sub-micron particles  
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Were there other STARDUST experiments? 

 STARDUST was able to obtain photographs of the nucleus with a 
resolution of about 30 meters 

 
 
 
 
 

 A mass spectrometer similar to the Particle Impact Analyzer experiment 
flown on the Giotto mission to Halley’s Comet allowed real-time dust 
analysis and provided information about the chemical composition of 
comets for the first time 

Phase Angles to Enhance

Resolution of Surface Morphology

62 to 2 to 95 º

Coverage Entire illuminated area

Best Resolution < 30 m (hope 10-20 m)

Color Filters to

Enhance Surface Features

Red, Green, Blue and Infrared

@62, 64, 95 and 97º

Comet P/Wild-2 pronounced ‘Vilt’ 

NASA photo 
JPL photo NASA photo 

Debilitated 

Images courtesy of JPL/NASA 

http://stardust.jpl.nasa.gov/images/figure1.jpg
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Aerogel from the Jet Propulsion Laboratory 

 After completing my Masters degree, Dr. Tsou invited me to join him to 
build his Aerogel Fabrication Laboratory! Where we pioneered the use 

                                                                  of Aerogel for space flight… 

My photo 

JPL photo 

My software 

Tsou photo 
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Constructing the Autoclave… 

Tsou photo 

Tsou photo 
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Constructing the Autoclave… 

 After fabricating the vessel it required pressure certification, which took 
 some doing … as we had a hard time sealing 
 it to ~9000 psi! 

Tsou photo 

Tsou photo 
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Constructing the Autoclave… 

 Our cheesy grins … FINALLY SUCCESS…! 

Tsou photo 
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STARDUST achieved the following … 

 First dedicated NASA Mission to a Comet 
 

 First robotic extraterrestrial sample return mission 
 

 First samples from a time capsule containing the formation of our Solar 
System  
 

 First amino acid confirmed from a comet, Wild 2 
 

 First sunlit images from a comet 
 

 First and only time a NASA Discovery Mission was actually on schedule 
and under budget!* 

* I tried to double check this stat, which came from Dr. Tsou, but was unable to verify it. 
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‘Wild’-LY SUCCESSFUL… 

NASA photos 
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‘Wild’-LY SUCCESSFUL… 

NASA photo 
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‘Wild’-LY SUCCESSFUL… 

NASA photo 
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‘Wild’-LY SUCCESSFUL… 

NASA photo 
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Other missions? 

 Aerogel has insulated JPL’s Robotic Rovers 
 Spirit and Opportunity – Chemist from STARDUST (Stephen Jones) 

used a new autoclave originally designed by Dr. Tsou & I for 
STARDUST to make Aerogel for these Mars rovers! 

NASA sim. image 


