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Molecule level
information

Particle level
information

Prediction of flow/
arching, flooding

Prediction of mixing/
segregation

Prediction of storage/
caking

Prediction of compact/
breakage

Bulk level
information



Predicting bulk properties from particle properties
Predicting particle properties from molecular structure
Characterisation of adhesive interactions and surface
energy of functionalised particles
VFL toolkit development



VFL approach to powder surface energy (I)



Single Probe 
Gas Pulse

Packed Samples 
(Powder)

Single Peak 
(Retention Time, 

t )

Su
rf

ac
e 

en
er

gy
 (m

J/
m

2 )

Surface Coverage (%)



Processing and Surface Energy

Milling induced surface damage led to  high
heterogeneity surface
Functionalisation creates energetically
homogeneous surfaces



Structuring of component particles influence the surface
energy of binary mixture



VFL approach to surface energy (II)













VFL approach to compaction



Edmans B.D. and Sinka I.C. 2019. Numerical derivation of a normal contact law for compressible plastic 
particles. Mechanics of Materials. https://doi.org/10.1016/j.mechmat.2019.103297



Accurately representing unloading response is important for
DEM at high deformations.

Stiffness ( ) and nonlinearity ( ) of unloading load-
displacement curves at large displacements investigated

560 FE simulations (binary contacts, elastic perfectly-plastic
material model) established dependence of and on
displacement and material parameters

Edmans B.D. and Sinka I.C. Unloading of elastoplastic spheres
from large deformations. Powder Technology. Accepted for
publication



Compact strength prediction

Goal: predicting strength of compacts from particle/surface
properties

Three main components
Fragmentation Population Balance Model
FE deformation database for interpolation
Adhesion model

Effective adhesion force function found by calibration

Key features
Modular
Represents key compaction mechanisms
Component models well supported



VFL approach to powder flow



forces of the cohesive powders using a few particles.

Bond Number/ Adhesion forces.
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surface segregation when discharged to

from perfectly blended (20) to



VFL approach to powder flow



Our Approach



Powder Mixture Bond Number



Powder Mixture Bond Number



Rheology of Powder Mixtures



Rheology of Powder Mixtures



Rheology of Powder Mixtures



Concluding remarks
VFL - a software tool for prediction and optimisation of
manufacturability and stability of advanced solids-based
formulations

particulate structures and bulk behaviour to address physical,
chemical and mechanical stability during processing and
storage

manufacturability (through experimental characterisation
and numerical modelling)
establishes methodologies to formulate new materials

limits and uncertainties of these relationships
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