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Silica aerogel is emerging as the best candidate under consideration for use as a collection 
material for interplanetary dust particles (IDPs) aboard the Cosmic Dust Collection Facility 
(CDCF) proposed for Space Station Freedom (SSF). Aerogel contains organic volatile remnants 
from its synthesis, these volatiles will contaminate IDPs that are collected in it (I), precluding 
analysis for most volatile organic (abiogenic) components. Contamination will happen unless 
undesirable volatiles are removed from aerogel, because experiments where glass spheres and 
IDP analogs are shot into aerogel show that the leading edge of the particle has aerogel 
"dynamically accreted" (coated) on them and within the particle (2,3,4). Experience shows that 
it will be impossible to remove this adhered aerogel from porous IDPs completely by physical 
methods. T h e  ideal solution to this problem would be to clean aerogel of its residual 
contaminants before its use as a collection material. 

We have analyzed three different samples of aerogel with various densities, 0.06g/cc 
(produced by L. Hrubesh, L. Livermore), 0.10-O.lZg/cc (produced by L. Miramond), and 
O.l2g/cc (produced by S. Henning). A laser microprobe/mass spectrometer (LMMS) system (1,5) 
was employed to analyze aerogel for indigenous volatile contaminants. Thermogravimetric 
analyses (TGA) were employed to determine the temperatures at which loss of volatiles occurs 
and to determine the thermal stability of aerogel, TGA experiments on aerogel were carried out 
using heating rates of 2"C/minute from room temperature to 950"C, in a helium atmosphere. 
All samples lost 2-5% of their original weight during heating to 100°C, this loss is most likely 
associated with the loss of H 0 and perhaps adsorbed atmospheric gases. Between -400" and 
500°C aerogel undergoes an aiditional 2-4% weight loss, which may be associated with the loss 
of residual solvents trapped within aerogel during its synthesis. Absolute identification of the 
high temperature gas phase release awaits further study. For most aerogel samples, the higher 
temperature weight loss was sudden and distinct (occurring before 500°C), however, one sample's 
(0.12g/cc) weight loss was spread out from 350"-700"C, suggesting that different aerogel 
densities affect the thermal weight loss profile. Heating in helium to 950°C did not melt or 
otherwise visibly alter the physical appearance of aerogel, perhaps changes do occur in its 
microscopic appearance or capture properties, however, this will have to await further study. 

The "impacts" of laser energy produced craters of varying dimensions in aerogel. A wide 
variety of indigenous volatile fragments and/or recombination biproducts were released from 
aerogel (1). The parent molecule used in the synthesis of aerogel (tetramethoxysilane, m/z=152, 
and 151 and 150 from the loss of 1 or 2 protons) were released from some samples. Other 
important high molecular weight fragments from tetramethoxysilane are m/z=119 and 100 which 
correspond to the loss of 1 methoxy group (-OCH,) and 1 methoxy group plus a methyl group 
(-CH,), respectively, plus 2-4 protons. Additional fragments, and laser plume recombination 
biproducts, from the synthesis reactants include: m/z=12 (C), 14 (CH,), 15 (CH,), 16 (O), 18 
(H,O), 24-30 (C, group), 28 (CO plus C2H4), 36-44 (C, group, with 44 also due to C02), 48-58 
(C4 group), 60-72 (C5 group), and 78 benzene. 

We have attempted to clean aerogel of its undesirable components. Aerogel was heated 
in air to 500" (Fig. 1) and 750°C for 1 day. Heating in air reduced the amount of volatiles only 
slightly in some samples, but had no effect on others. It was noted that aerogel from the 500°C 
experiments had less total volatiles than those heated at 750°C. Apparently quenching from 
750°C causes atmospheric gases to be adsorbed to a greater extent than lower temperature 
experiments. Samples were also heated to 260°C under vacuum (1x10-' torr) for 2 and 6 weeks 
(Fig.2). TGA analyses indicated that heating to 500°C would be the most favorable, however the 
sample chamber on the LMMS could only be heated to -260°C, improvements are planned. 
More exotic clean up procedures were attempted as well, samples were subjected to oxygen 
plasma etching and microwave radiation, with no effect. 
CONCLUSIONS: This study indicates that the most indigenous contaminants will be removed 
by heating under vacuum at temperatures 2500°C. The best results were obtained by heating 
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under vacuum to 260°C (present maximum temperature in the LMMS sample chamber), a 50% 
reduction in total volatiles was obtained. The volatiles that are left still pose a formidable 
challenge to those interested in the light volatile elements and molecules in IDPs. We feel that 
the clean nature of aerogel in terms of the major and minor elements (4,6) and the qualities of 
the material that allow particle retrieval (7), make it very important to explore every possible 
method of removing as much of the undesirable volaailes from aerogel as  possible. 
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F i m  1. Plot of log relative abundana vl. mur/ehug. for auogd (0.06g/ec) heated for 1 day at 500 ' C 
in air. Tho top of rtipplod ban u the man relative abunha and tho top of o m  and filled b u r  represent 

+/-la, rapaetivdy. Nok the pmonee of posh at rn/s=lW that arm deprotanlkd totmmethoxynilane 
m o i d a .  Bigh m o k u h r  weight f ragmu~t.  from tho prrrnt m o l d e  indude m/r=100 and 119. 

Mass/Charge 
Figure 2. Plot of log relative abundance vr. maas/chargs for aerogel (0.06g/cc) heated for 6 w e c h  at 
260 ' C under vseuum (1x10-~ torr). Barn rams sr in Fig. 1. Note the group of peaks at m/s=149-151 that 

are deprotonated tetrqethoxysilane moleeuler (parent solvent molecule used in the manufactura of 

aerogel). High molecular weight fragmentr from the parent molecule indude m/r=100, 119-121, 131. 
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