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Granular matter and powders are widely used in the manufacturing of numerous 
products. Despite the omnipresence of these materials, their behaviour and 
rheological properties are still not fully understood from a fundamental point of 
view. Moreover, a gap is observed between this fundamental knowledge and the 
applications. The major difficulty is that powders and their ability to flow are 
strongly affected by cohesive effects. These cohesive forces are related to many 
factors ranging from grain properties (size, shape, rugosity, chemical 
composition,…) to storage and process conditions (stress field, applied pressure, 
…) and also to environmental conditions (humidity, temperature).  
 
The main objective of this course is to provide a rapid overview of the knowledge 
on cohesive powders from both academic and industrial point of view. Afterward, 
we will show how this knowledge can help to improve industrial processes 
involving powders. 
 
The course will cover different aspects: the different interactions between the 
grains, the macroscopic properties of powders, using numerical simulations and 
powder processing at large scale. 
 
 

10.00-10.30:    Interaction between the grains (G. Lumay – University of Liège) 
 

At the particle scale, the particle motion is mainly governed by friction, cohesive 
forces, hydrodynamic effects and interaction with walls. The physical origins of 
the cohesion (Van der Waals, electrostatic or magnetic forces, capillary forces, 
chemical forces, polymer layers) will be presented. In particular, the combined 
effect of humidity and electrostatic charges will be discussed in detail. Finally, we 
will show how additives can be used to modify these cohesive forces. 

COHESIVE POWDER 
PROCESSING: 

from fundamentals to 
applications 

 



 
 
 

10.45-11.15: Development of a new humidity controlled cell for the rheological 
determination of cohesive powders stickiness (P. Marchal – D. C. Florez 
Parra – University of Lorraine) 
 

The understanding of the rheological behaviour of dry powders and liquid-
saturated powders (slurries) has notably progressed in recent years, both 
experimentally and theoretically. On the basis of the description of the dynamics 
of the intergranular contact network, it has been possible to develop a model of 
rheological behaviour that allows us to predict and describe the existence of a 
Newtonian regime, a Coulombian regime, a Maxwellian viscoelastic regime and a 
granular time-temperature superposition principle. Furthermore, the model 
operates in stationary, transient, oscillatory, linear or non-linear regimes with and 
without vibration whether the medium is dry or saturated with liquid. Much work 
remains to be done to improve the model for application to non-model granular 
media as found in industrial environments. 
 

However, one of the main challenges concerns wet granular or powdered media, 
i.e., those that fall between dry and saturated media. This is the situation 
commonly encountered, especially in an industrial context where engineers are 
confronted with stickiness and caking problems during storage, transport or 
packaging of powders. In order to understand these problems, we have developed 
a new measuring cell that allows us to impose and vary the humidity of the 
samples and to measure it in real time over the entire height of the measuring cell, 
at a given temperature. The results obtained enable us to determine precisely 
characteristic transitions in rheological behaviour specific of the samples 
according to the humidity level imposed.  
 

11.30-12.00:   Resolved Analysis of Powder Behaviour with the Extended Discrete Element 
Method (XDEM) (B. Peters – F. Qi – University of Luxembourg)   

 

The Extended Discrete Element Method (XDEM) is a novel and innovative 
numerical simulation technique that extends the dynamics of granular materials 
as described through the classical discrete element method (DEM) by additional 
properties such as the thermodynamic state, stress/strain, or electromagnetic 
field for each particle. Thus, engineering applications include, not exclusively, 
areas as diverse as pharmaceutical industry e.g. drug production, agriculture, food 
and processing industry, mining, construction and agricultural machinery, metals 
manufacturing e.g. blast furnace, powder metallurgy, additive manufacturing and 
energy production e.g. renewable energy through biomass combustion. While 
DEM predicts the spatial-temporal position and orientation for each particle, 
XDEM additionally evaluates properties such as the internal temperature and/or 
species distribution and its associated transport determined by a large number of 
validated reaction mechanisms for a wide number of thermal processing 
applications. These predictive capabilities rely on a strong 2-way coupling 
between Computational Fluid Dynamics (CFD) e.g. OpenFoam and Fluent and 
Finite Element Method e.g. Deal.II and DiffPack to exchange heat, mass and 
momentum with a fluid. For this purpose different coupling strategies are 
available that cover the range between porous media approach e.g. Darcy flow to 
resolution of turbulent flow for which the grid size is independent of the particle 
size by a dual grid concept and the immersed boundary method (IBM). A large 
variety of different geometric shapes with a size distribution are described by both 
a multi-sphere approach and super-quadratics. Innovative and novel  
 



 
 
 
partitioning algorithms are available that deliver unprecedented performance for 
coupled simulations of XDEM with CFD on work stations or super computers. 
 
The XDEM platform is made available through a collaboration with Wikki GmbH 
and is further supported by a platform including XDEM, Rocky and Fluent 
promoted by ESSS. 
 

 

 

 
13.15 -13.45:   Powder processing at large scale (R. Hesse – University of Kaiserslautern) 

 

This course will present issues and solutions for the simulation of large volume 
systems such as silos, hoppers, transporting systems, and other industrial 
equipment dealing with a large quantity of material. A short discussion of discrete 
models and their limitations will be given first, after which a large-scale 
continuum approach will be presented. We will discuss how experimental and 
numerical powder rheology can be used to calibrate those complex continuum 
models that are capable to tackle industrial scale problems. After a calibration 
chain for a powder and glass beads as a reference material, the obtained 
parameters will be applied exemplarily to silo discharge. In this example, the 
distinct differences of the granular systems and thereby the importance of good 
calibration will be highlighted. 
 

14.00-14.30:   Links between powder surface and functional properties (C. Gaiani –  
                              University of Lorraine) 

 
Organic and biologically-derived materials under a powder form are involved in 
the manufacturing of many products available in the food industry (cosmetics, 
food, pharmaceutics…). In the food field (but not only), powders are ranging from 
raw materials and ingredients, such as flours and spices, to processed products 
like instant coffee or powdered milk. They originate either from liquid  
 

 
Figure 2: Liquid iron saturation in a 
packed bed due to melting iron ore 

 
Figure 1: Combustion of biomass on a forward acting grate 
with secondary air injection and exhaust gas recirculation 



 
 
conversion into powder by various techniques such as spray-drying, freeze-
drying, drum-drying, belt-drying or crystallization, or from size reduction of solid 
materials induced by grinding, crushing, milling, attrition, or 
pulverization. Because of these various processes and origins, particle chemical 
and physical properties, as well as surface characteristics are highly variable. In 
particular, characteristics of raw materials and processing conditions are 
expected to control the functional properties of the obtained powder.  It is well 
known that some functional properties depend strongly on particle 
surface (chemical composition, structure…). For instance, studies demonstrated 
that surface chemical composition of food particles could differ significantly from 
their bulk composition. Therefore, the presentation is devoted to the 
understanding of functional characteristics of powders (i.e., rehydration, 
stickiness, etc.) in relation with their surface characteristics. 
 

 

14.45-15.15:   Understanding interation between grains by rheological measurements 
with the tube rheometer (J. Fiscina – University of Saarland)  
 
A new rheological technique to quasistatically push the granulates through a tube 
with an enforced parabolic (Poiseuille-like) profile is presented. We get to 
minimize the effect of avalanches and shear localization.  Through the course we 
observe the resistance against deformation of wet and dry granulates and 
characterize the energy dissipation under flow. We show how to measure 
properly the yield stress of a granulate under confinement; also investigating the 
interaction between particles.  This is also observed in large amplitude oscillatory 
shear measurements using a rotational rheometer, validating what we measure 
with this device for different types of flow. 
 
 
The presentations are designed for both industrialists and academics interested 
in gaining a compact yet comprehensive overview of cohesive powders from its 
fundamental physical background, to the computational methods and the 
experimental techniques for powder characterization with a focus on applications. 
 
 


