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Controlling Adhesion between Particles for a better understanding of 

Compaction, Aeration and flow of Powders.  



The long term project :  
  
Understanding the behaviour of powders under low 
stress conditions:  

Rheology, flow, aeration, compaction. 

The strategy :  

1) to develop Model materials with controlled cohesion 
2) to design appropriate tools to measure rheology 
3) to study simple flow configurations 
4) to understand the role of air 



materials with control cohesion

the most studied system: capillary bridges..  
=> migration of liquid, complex dynamics…

Scheel et al Nature material 2008, Badetti et al EPJE 2018….
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Fig. 2. (a-c) Optical microscopy images of alkyne-functionalized µPs MP1. (d) LD size distribution of µPs MP1 

(solid line) as well as µPs MP1 replica (dotted line) and poly(ethylene glycol)-grafted µPs MP3 (dashed line). 

 

 

Fig. 3. (a-c) SEM images of alkyne-functionalized µPs MP1 at different magnifications. 
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Fig. III .10. Images de µPs (a) PIBAI et (b) PEHAI fonctionnalisées alcyne (~0,5 g de particules). 

Fig. III .10. Images de µPs (a) PIBAI et (b) PEHAI fonctionnalisées alcyne (~0,5 g de particules). 

E. Drockenmuller, N. Sintes, K. Haumeer IPM Lyon 

Polymer Coated particles

Silica Microbeads   

+PDMS-OH, 

+Boric Acid (H3BO3)

Tailored polymer micro-particles using the click chemistry 
(collaboration, E. Druckenmuller, N. Sintes, LPM Univ. Lyon)



Figure 7: Setup built for the cohesion measurements. The whole experiment lays on an anti-

vibration table, to minimise the noise. We also added an external shell in plexiglass to avoid

perturbation from the air flow.

2.5 Preliminary results

We found that for each pair of beads, the cohesion force is highly dependent of the contact zone.

This happens because the PDMS coating is not at all uniform, at least for the smallest coated

particles. However, if the two beads stays at the same position between two contacts, the force is

almost the same. This phenomena is shown in Fig.10. We also found no dependance on the normal

force applied before the contact. The beads are not sensitive to how much we crush them, but

rather to how much they are moved from a contact the next.

2.6 Protocol of the experiment

Since we observe a very high variation of the cohesion force with the contact point, we decided to

perform a lot of experiment, to get as much statistic as possible. We must mix the beads as often

as we can, both on the fibre and on the bed. Here is the final protocol used, for each batch of

coated particles :

1. We start by sticking a bead on the fibre, using a plate of beads not glued.

2. We replace the bed by a bed of glued beads, and we place a bead below the fibre and the

glued beads.

3. We make 4 contacts for this pair.

4. We change the bead on the bed, and make another 4 contacts for the new pair. The

particle on the fibre was used for a total of 2 pairs and 8 cohesive contacts.
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a set up to precisely  
measure of adhesive force

Maxime  
Lajeunessean AFM-like approach

Figure 8: View of the horizontal camera, showing the fibre, with the beads.

Figure 9: GUI interface made from python codes. The graphs displays a real time live tracking

of the fibre.

5. We use a brush to remove the bead on the fibre, and we start again this protocol, until we

reach a total of 50 pairs.

Following this protocol, we collected data for 50 pairs of beads, meaning we measured 200 co-

hesive contacts, using 25 di↵erent beads attached to the fibre. This method enabled us to draw

the force distribution for each batch of coated particles (Fig.12).

From theses distributions, we obtain an average cohesion force Fc for each polymer thickness b.

The results of our measurements are displayed in Fig.11.
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Bottom particle 
going down

Snap of the fiber

[1] [2]
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A New Pressure-imposed Rheometer for Powders
Validation with Dry Grains Initial Tests with Coated Particles

challenges: 

- imposing and measuring low 
normal stresses (100Pa) 

- measuring volume fraction  

- prevent leaks between top and 
bottom parts.

100mm

15mm

Rheology of fine particles: 
challenges 

Chico 
Rocha 

Maxime  
Lajeunesse

Micro shear cell



A New Pressure-imposed Rheometer for Powders
Validation with Dry Grains Initial Tests with Coated Particles

2.3.2 Système ouvert

Figure 2.7: Photo du système ouvert
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Rheology of fine particles: 
(for the moment 200µm) 
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What controls the rheology ?

<latexit sha1_base64="zPXbxJ3RVxv5lOb9MXsMVm3pLnA="></latexit>

I =
�̇dp
P/⇢

<latexit sha1_base64="nlRD400j2xWn1KbGj0KMhk8BgS0="></latexit>

C =
Fc

Pd2

τ = τc + μ(I)P

μ(I, C) = αC + μ(I)

…?

The basic description: 

cohesion inertia

I

μ
C

Amarsid L, Awdi A, Fall A, Roux JN, Chevoir F (2024) J Rheol 68(4):523– 537 
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scaling with Cohesive number   ? μ(I, C)
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Not so clear !!! 
(especially in the 
inertial regime)

other parameters ?  



Information about the quasi-static regime…

strong hysteresis between  
static and quasi-static 
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Results on the compaction

•  Issue in the gap : wrong 
 at high P…


•  For low P, good 
behaviour :  rises with P

ϕ

ϕ

ϕ

pressure 

Mohr Coulomb P-ramp with sandpaper

•  Similar results than the 
PDMS membrane


•  Higher torque than 
before
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existence of shear weakening  
(to be confirmed…)

Surprising Critical state 
at low pressure 



- an original  set up to investigate the rheology at low 
stress in the inertial regime.  

- The rheology of low-stress cohesive materials is more  
more complex than originally thought !



aeration => desaeration   

liquefaction phenomena:  

granular=> suspension=>granular

With powders in air ? 

small size   
    => coupling with air

cohesion:   
   => add strength 
     

   => loose state

 help instability 

 attenuate instability 

 help instability 

a link with liquefaction ? 



a simple configuration: 
Powder collapse with different initial preparations

Flow 
+ 

compaction/dilatation 
+ 

air coupling  

C =
τc

ρgH

F =
Pf

ρgH
=

ηair

ρd2

H
g

f(Δϕ)

ϕinit

Control parameters

Rheology? 
+ 

volume fraction  
dynamics of 

cohesive materials? 

Montserrat, S., A. Tamburrino, O. Roche, and Y. Niño (2012), J. Geophys. Res., 117, F02034
Roche, O., M. A. Gilbertson, J. C. Phillips, and R. S. J. Sparks (2004), J. Geophys. Res., 109, B10201
Gans, A. et al  (2023). Journal of Fluid Mechanics, 959, A41.



a first step:  understanding the preparation
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-Role of cohesion 

-Role of launching velocity 

V0

V0

C = Fc/ρgHd2

Liu et al Pow. Tech 2016



-change materials, cohesion type,  

-try to understand  the other control parameters (adhesion 
energy?) 

-find a way to analyse smaller particles (Toward type C) 

-understand the link with other rheometers  
(rotating drum, FT4,..)  

futur work:

-collapse experiments with controlled fine material  
to disentangle the role of auto-fluidisation and cohesion… 

rheology:  

aeration/desaeration :


