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Introduction: The first step in planet formation is the coagu-

lation of micron sized dust particles to macroscopic dust agglom-
erates at low collision velocities. With increasing particle sizes 
the collision velocities also increase. Centimeter sized dust ag-
glomerates settle towards the midplane of protoplanetary disks 
and drift towards the central star. On their way, they can sweep 
up small (100 µm) particles at collision velocities between 1 m/s 
and 10 m/s, as small particles are well coupled to the gas [1, 2]. 

Experimental Aspects: Here, we present an experimental 
study on the evolution and the macroscopic mechanical proper-
ties of decimeter dust agglomerates in a self-consistent growth 
scenario. A beam of small dust agglomerates (~ 100 µm) is gen-
erated using a sieve with a mesh width of 250 µm. The generated 
particles are accelerated by gravity and hit the targets at collision 
velocities between 1.5 m/s and 7 m/s depending on the drop 
height. The dust agglomerates consist of quartz dust with irregu-
larly shaped grains in the size range between 0.1 µm and 10 µm 
and 80% of the mass between 1 µm and 5 µm, as considered re-
levant for protoplanetary disks. Different target sizes are used in 
the range between 3 mm and 3.5 cm in diameters.  

Results: In the experiments targets grow by a combination of 
direct sticking and re-accretion of ejecta due to gravity. This is 
consistent with bodies in protoplanetary disks, as they move 
through the gas and impact ejecta are exposed to a head wind, 
which accelerates them back to the target surface. Under certain 
conditions, this headwind is of the same order as gravity in the 
laboratory experiments. However, in all experiments targets grow 
with a homogeneous structure, independent of the impact veloci-
ties and of the target sizes. The ratio between re-accretion and 
direct sticking becomes larger for increasing target sizes. As the 
target porosities and shapes do not depend on the target size, this 
leads to the conclusion, that the mechanisms leading to growth 
do not influence the properties of the resulting targets.  

For the development of coagulation models the mechanical 
strength of dust aggregates is very important, which is mainly 
determined by the volume filling of the agglomerates. The vol-
ume filling of the forming targets increases with increasing im-
pact velocity, as the dynamic pressure scales with v2. However, 
for impact velocities larger than 5 m/s the volume filling reaches 
a saturation at a volume filling of 32% and does not increase fur-
ther. This value is also consistent with the maximum volume fill-
ing feasible by local compression as already described by [3]. 

Conclusions: The experiments lead to the conclusion that the 
properties of growing dust aggregates do not change whether 
they grow by direct sticking or by re-accretion, but only on the 
impact velocities they are exposed to. However, once a volume 
filling of 32% is reached, further collisions do not lead to further 
compaction. For decimeter bodies only the maximum volume 
filling feasible by local compression has to be considered. The 
growth history is erased by numerous impacts and the resulting 
bodies have a homogeneous structure.   
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