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The long term project :
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standing the behaviour of powders
" low stress conditions:

oQy, aeration, compaction, flows,...

The strategy :

1) to develop and characterize model
granular materials with conftrolled
cohesion

2) to develop new tools to measure
the rheology

3) to study flow in simple configurations

4) to study the coupling with air



model cohesive materials

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

Scheel et al Nature material 2008, Badetti et al EPJE 2018....

Tailored polymer micro-particles using the click chemistm
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Taillored polymer particles

Eric Drockenmuller, Nathalie Sintes, Kkishen Haumeer IMP, lyon

Azide Alkyne
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Synthesis of tfailored micro particle
(IMP Lyon, E. Drockenmuller)
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Fig. 5: membrane emulsification-assisted suspension copolymerization
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Image microscope optique
p-particules PIBA d-50: 195um



PIBA (below To) PEHA (above Tg)
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Possibility to change
the stiffness and the adhesion

the challenge:
characterisation of their mechanical properties



model cohesive marterials

the most studied system: capillary bridges..

=> migration of liquid, complex dynamics...
Scheel et al Nature material 2008, Badetti et al EPJE 2018....

Tailored polymer micro-particles using the click chemistry
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Polymer Coated particles

» Silica Microbeads
T LA +PDMS-OH,
PP e
li..'j "@\,/ +Boric Acid (H,BO,)




coated silica particles...
Gans et al PRE 2020

( rﬁ;?f Silica Microbeads
a \t/ e \/\*/ +PDMS-OH,

[Li et al. RSC Advances 2014, 4, 32894]
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g T +Boric Acid (H,BO,) 14%wt PDMS
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coated with PolyBoroSiloxane (PBS)
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ﬁhe adhesive force is controlled by the thickness of the coating and the particle \
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- = Eq. (3) B d=5mm
O d=0.8mm ¢ d=7mm
A d=3mm




a controlled cohesive material
very robust that can be reused once prepared..
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a confrolled cohesive material
very robust that can be reused once prepared..

cohesive granular collapse
(with A. Sauret, UCSB)

Gans et al, JFM 2023
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No adhesion, only friction
=>

no internal stress scale

=>

1 dimensionless parameter

J—_

vV P/ps
T = u(l)P
O = O(J)

what about rheology ¢

N
With adhesion N, !
=>
a new force scale
=>
2 dimensionless parameters
N
¢ = Pd?
.
\V/ P/:OS
T=u(l,C)P
¢ =o(l,C)

Rognon et al JEM 2008, Berger et al EPL 2015, Kamshed PRE 2015, Vo et al Nature Com, 2020...



N

DEM numerical simulations...

Rognon et al JFM 2008, Berger et al EPL 2015, Kamshed PRE 2015, Vo et al Nature Com, 2020...
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A simple adhesion model in DEM simulations

Rognon ef al, Europhys Lett. 2006,, Berger et al, Europhys. left 2016,

Ne

the adhesion
force
necessary 1o
detach two
parficles




TwO malin results :

Role of sfiffness, Unstable Rheology :
dissipation and

- % i
[ ! . .
COh@S'On o 0.85_;‘\‘\‘ Ceff oggég%é
‘ .
l;‘k
LARRSE
6341 ) .
fb-os || \5‘\ ‘\‘:\:s;'_*'_:::-..-_c-:g-z-;;&ffm
i | N_—m===—::_——_
Flow controlled by R
. : . 051 Y\ bl
an effective adhesion : | b=t
" (©
8:%§§ ' —
- a . ™~ evidence of a shear”
Nejj” — N N 1 _ s,  Wweakening branch,
c — Ve L d _Qb 0 > wider and wider when
/' L\ 'n ] | #%~<, increasing adhesion
| P @-’—f‘:‘w
Adhesion T o Y el et
] i/f -y NN
Stiffness 015 11 ,'li;’{:~::zf§?i=-;:;‘..
Dissipation _ é:;g/ ~=S%sc
~
0.44 :

012 024 036 048



experimental pressure imposed rheometer
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oee cohesionless 800microns particles
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oee cohesionless 800microns particles
cee Nighly coated particles, b=100nm
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800microns particles

ocee NO coating, b=0

cee Thick coating, b=100nm
oceee Moderate coating, b=35nm




800microns particles

cee NO coating, b=0

cee Thick coating, b=100nm
oceee Moderate coatfing, b=35nm

o oo A frictionless to

05 L S0 © frictional transition
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To analyse the influence of cohesion on the
rheology => small particles

design of a new pressure imposed shear cell
for small particles (50um < d < 200um)

Rheometer

?

force sensor

50mm



Perspectives...

fabrication and characterisation of cohesive
oolymer particles with tailored properties

Role of coating in lubricating the contact and
modifying the rheology at high stress

Rheology at low stress level

flow properties...
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