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Model reduction methods for 
microemulsion-assisted particle 

precipitation 

• Combined experimental and model-based process analysis:
• Experimental identification of control parameters for a tailored 
particle design and analysis of the particle formation dynamics
⇒ Rigorous TEM analysis of the particle size distribution dynamics
• Derivation of a Population Balance Model framework including 
models on different levels of complexity for diverse applications 
⇒ Definition of reasonable physically and chemically motivated 
assumptions and determination of a detailed reference model 
⇒ Development of a reliable model reduction concept
⇒ Implementation of appropriate microkinetic rate law approaches 
based on experimental findings 
⇒ Parameter estimation of unknown kinetic parameters

Approach
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Figure 3: Comparison of experimental and simulation results [3].
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Figure 1: Process scheme, reaction system and phase structure.

• Identification of the particle formation mechanism on molecular scale 
including particle nucleation, particle growth and droplet exchange

• Investigation of the complex redistribution behavior of reactant ions
• Analysis of the influence of hydrodynamics on the particle formation

Experimental Results [1]

Assumptions:
1. The reactor is ideally macro-mixed
2. The water content of particle-free droplets and droplets with particles 

below the barrier size is monodisperse (equal water volume)
3. At maximum there exists only one particle per droplet
4. No agglomeration or breakage of particles

Figure 2: Dynamics of the mean particle diameter with standard deviation (left; 
feeding period in blue; initial concentration difference between reactor and feed: 
∆c(t=0)); corresponding TEM pictures of BaSO4 nanoparticles in final state (right).
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Model Reduction [2]:

Fref (NA,NB,NP,t)
3d – Reference Model

2d + 1d – Model
≈ P2D(NA,NB,t) × F(NP,t)

Separation 
approach

2d – Model
≈ P2D(NA,NB,t) × δ(NP,t)Shape assumption for F(NP,t):

Monomodal PSD

1d – Model
≈ P2D(NA,NB) × F(NP,t)

eq

0d – Model

Quasi-steady-
state-hypothesis 

≈ P2D(NA,NB) × δ(NP,t)eqShape assumption for F(NP,t):
Monomodal PSD

Quasi-steady-
state-hypothesis 

2d + 1d - Model:
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Reactant probability distribution with discrete internal coordinates:

Balance for particle-free droplets:

Balance for the droplet number distribution with particles:

Droplet exchange term:
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∆c(t=0) = 0.09 mol/l∆c(t=0) = 0.0 mol/l


