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Iron grains on the order of 20 nanometers in diameter have been produced in the 
Condensation Flow System (1) at GSFC. They were formed from Iron Pentacarbonyl 
vapor in a molecular hydrogen flow at a total pressure of 100 torr and furnace 
temperatures between -500 K and 1300 K. Particulates were formed both in the 
presence and absence of a magnetic field. The strength of the magnetic field to which the 
freshly nucleated particles were exposed was on the order of 100 gauss and was 
generated by the AC current (-1000 Amps) flowing through our furnace. In the absence 
of a magnetic field (we turned off the furnace before the flow began) the 20 nrn particles 
slowly settled out of the hydrogen carrier gas and were deposited on glass collection 
surfaces. Nothing unusual was observed in these experiments. However, in the 
presence of a magnetic field an extremely unusual phenomenon was observed to occur: 
Although the particulates would initially be carried along with the hydrogen flow for the 
first few seconds of the experiments, they would suddenly gel into a mass of dense 
"spiderwebs." At very low particle concentrations we observed the formation of long 
"streamers" floating gently in the hydrogen flow or hanging from the walls of our 
chamber a few minutes after the iron carbonyl vapor began to flow through the furnace. 

Measurements of the magnetic remnance acquired by macroscopic samples of these 
iron spiderwebs indicate that they are magnetically oriented and magnetized to a few 
percent of the saturated remnance. SEM studies of the samples reveal very long strands 
consisting of hundreds of single particles connected head-to-tail and which are 
intertwined into a very low density mass of fibers. TEM images of single strands reveal 
-20 nanometer diameter oxide-coated, iron particles connected at an average angle of 
-180" f 45" or so. The evidence appears to indicate that the particles coagulated in an 
oriented fashion, pole-to-opposite pole. Given that such large-scale structures have 
never been observed in other grains condensed in the Condensation Flow System and 
that even iron grains do not form such structures in the absence of a strong field it is 
obvious that this remnant magnetism greatly increases the coagulation efficiency of iron. 
This increase in the coagulation efficiency may result from increased cohesiveness of 
colliding grains or, more likely, to longer range interaction forces which increase the 
effective collision radii of the grains. 

These experiments may be relevant to the early solar nebula for the following 
reasons. One possible mechanism by which chondrules are hypothesized to form in the 
solar nebula is as the result of nebular lightning strokes heating large volumes of dusty 
gas to very high temperatures for very short times (2). As the chondrules form they lose 
metallic iron - possibly either as small molten metal grains which are centrifugally 
expelled from spinning chondrules or as iron vapor which could quickly recondense. If 
recondensation or cooling through the Curie point occurs in the presence of the lightning 
discharge, or if such a grain is later exposed to a strong magnetic field following a second 
discharge then this imprinted magnetic field would greatly increase the coagulation 
efficiency of such grains. Because these grains tend to form very loose, open, fibrous 
structures they could act as "nets" or coagulation nuclei to catalyze formation of larger 
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aggregates of non-magnetic materials which may have become the meteorite matrix. 
Unfortunately, since these iron nets consist of particles only -20 nm in diameter they 
would be extremely susceptible to oxidation in the matrix. It is not yet clear if a 
definitive test for the remnants of such grains in meteoritic matrix exists; however close 
associations of magnetite grains in meteorite matrix - especially if such grains are 
coherently magnetized - could be one indication that such a mechanism operated in the 
solar nebula. 
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