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Hybrid modeling on the experimental
data

Framework

Integration of computational chemistry and machine learning 
in a multi-scale modeling framework: An application on 

flocculation

Goals

Please also visit…
• A combined probabilistic and hybrid modelling

approach by Rasmus Fjordbak Nielsen

Introduction

• Flocculation of silica particles in water

− Well-known surface chemistry
− Less complex than biological processes
− Occurs in low pH [2,3]
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• Hybrid multi-scale framework: Various measurement
and computational tools across the scales

• Assisted with DLVO theory as additional first
principles model

Experimental data on silica flocculation pH as process 
variable

Hybrid population balance model + Mass balance [1]

Hybrid population balance model + Mass balance + DLVO

[1] R.F. Nielsen, N. Nazemzadeh, L.W. Sillesen, M.P. Andersson, K. V Gernaey, S.S. Mansouri, Hybrid machine 
learning assisted modelling framework for particle processes, Comput. Chem. Eng. 140 (2020)

• Development of a hybrid multi-scale framework for modeling processes

• The application: Laboratory-scale flocculation of silica particles in water

• Comparing the hybrid multi-scale model with a hybrid population balance + mass balance model

• Integration of existing tools to make the production more sustainable


