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In the past years, considerable progress in the field of  
protoplanetary dust aggregation and the formation of planetesimals, 
the kilometer-sized planetary precursors, has been made. It has  
become clear that in the solar nebula dust particles collide due to 
Brownian motion, differential drift and gas turbulence [1].  
Whenever two micron-sized dust grains collide at low velocity, they 
will stick together due to the mutual van der Waals attraction [2,3]. 
As a consequence, fractal dust agglomerates with a quasi-
monodisperse mass distribution form in the early solar nebula 
[4,5,6]. When the mean collision velocities reach a critical value for 
aggregate compaction [7,8], i.e. when the agglomerates are typically 
cm-sized, the growing dust agglomerates’ morphologies change 
from fractal to non-fractal. For impact velocities > 1 m/s, i.e. for 
agglomerate sizes of approximately >10 cm at 1 AU distance from 
the young Sun, mutual collisions lead to fragmentation [7,8] which 
changes the mass distribution function considerably.  

We have developed a model of how the growth of proto-
planetesimals can still proceed in spite of fragmentation [9,10]. A 
consequence of this aerodynamically driven growth process is that 
the proto-planetesimals are extremely porous (see Fig. 1). We have 
recently performed laboratory experiments on the formation and the  
mechanical properties of proto-planetesimal analogs. A result of 
these investigations with macroscopic high-porosity dust  
agglomerates consisting of micron-sized grains of different materials 
and morphologies is that kilometer-sized planetesimals have  
porosities of >65%.  

 
FIG. 1. A small cubic sector from a numerical simulation of a 
protoplanetary dust agglomerate; the local porosity is ~85%. 
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