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Study microaggregate formation in silico

Why?

I study the interplay of particles in precisely defined settings
I in contrast to lab scenarios: easy variation of a manifold of

conditions
I isolation of mechanisms / effects possible
I direct access to all parameters of resulting structures - at

every time step (even not measurable ones)
I mathematical upscaling of structural properties possible
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Enlarge the range of conditions and compositions of aggregate formation - use also
particles used in wet lab experiments

Investigation of
I Prototypic microaggregate forming materials (MFM): goethite, and illite; different

in size, shape, charge loading, concentration.
I impact of shape (aspect ratio) and size
I impact of edge charges of illite/point of zero charge
I stability vs. particle size
I excess particles
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Stable aggregation in terms of size and aspect ratio
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Figure: Influence of aspect ratio and size of illite building units on aggregate stability.

⇒ Small in size and aspect ratio MFMs are most stable.
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Different phenotypes of structures while aggregation

Figure: Microstructures due to heteroaggregation of fine illite with negative edge charge and
coarse goethite. Left : 5% of goethite (stable disperse system), middle: 55% of goethite
(compact structures), right : 95% of goethite (pillar structures with hidden places)
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Optimal aggregation in terms of composition
Microaggregation of goethite and illite: Comparison of results from laboratory experiments and mechanistic

modeling
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Figure 1: Mean hydrodynamic diameter (in nm, blue marks), contact area per aggregate volume (red marks)

and percentage of excess building units (illite in gray, goethite in brown) over composition of positively charged

goethite and negatively charged illite particles after 5000 steps of the Cellular Automaton Method. Point of

zero charge in green.a
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0.4. Heteroaggregation scenario
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Figure: X-axis: % of portion of goethite
(remaining portion is illite with negative
edge charge). Left Y-axis: Mean
diameter for various compositions of
solid. The blue dots show the median
of the mean diameter in 10 simulation
runs, the black bars indicate the lower
and upper quartile of the 10 simulation
runs. Right Y-axis: contact area per
aggregated volume (red dots). The
green lines depict the point of zero
charge of the system leading to strong
aggregation. Bars with % of excess
building units (illite in gray, goethite in
brown).
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Different phenotypes of structures for varying edge charge of illite

Figure: Microstructures due to heteroaggregation of fine illite with
positive edge charge and coarse goethite. Left : 5% of goethite
(cardhouse structures), middle: 55% of goethite (compact
structures), right : 95% of goethite (pillar structures with hidden
places)

Figure: Recall situation of
negative edge charge-...
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Comparison with experiment
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Figure: Mean (hydrodynamic) diameter (in nm) over time for different mixtures of fine goethite and
fine illite with positive edge charge. Results from simulations (left) and experiments (right) show a
similar qualitative behaviour.

Forward Simulation! NO FITTING OF ANY PARAMETERS!
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Simulations elucidate the impact of
I composition of solution/ charge and ratio between MFM

. Shielding

. Distinct aggregate phenotypes (coiled chain like, thin long chains,..)
I relative size of MFM

. surface caoting inhibiting aggregation vs. bridging supporting aggregation
I concentration of solution/porosity

. higher concentration leading to larger aggregates

. increasing complexity and size over time
on aggregation and quantification by means of characteristic values (average particle
size, specific surface, compactness, ...)

This research was kindly supported by the DFG RU 2179 “MAD Soil - Microaggregates:
Formation and turnover of the structural building blocks of soils”.
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