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Shear thickening: brutal increase in Recent model: frictional transition induced by the Our approach: probe the macroscopic friction
viscosity at a critical shear rate. presence of short range repulsion. coefficient ¢ using pressure imposed experiments.
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Newtonian vs. shear-thickening suspensions Frictional transition by tuning the repulsion
Newtonian Shear-thickening Model system: silica beads in aqueous solutions.
large glass beads in viscous fluid potato starch in water
; Negative surface charge induces repulsion which can be screened by adding ions.
AD X [Nal Cl is the Debye length.

4 : : : )
{ | Stationary avalanches, compaction and dilatanc
y : P y
Green: [NaCl] = 10 'mol.I.-"  Black: pure water
0 (°) Ao (%)
30 - "X ®
98/\//\/\/4/\/\/\/‘\/‘/\/ 3 ® ®
) 1 5 mm 93 (o) | ‘
f =~ 25° 0 ~ 8.5° 207 D@ oe-0-0
h 20 @
thus thus il 4
1~ 0.15 o0 000 00
~ 0.47 10 - T w(rev/s o
. (suggests p, =~ 0) ! 0.001 0.01 o.i( /%) *
frictional system frictionless system ] o OO.Q_.Q_Q_____Q__ o @
0 - | 2 I | | | | I
0 (°) 0 20 60 0 40 80
30 - 0 ]
30 - ( 3%68 (°) t(s) Ntaps
20
20 - 10‘.....(0 s) NaCl] = 10" 'mol.L ™! Pure water
0 ‘— — “ r-e_Y > o high avalanche angle —» frictional suspension e low steady avalanche angle » frictionless suspension
0. 10 10 10 » compaction ® no compaction at low P
e o dilatancy » no dilatancy
\. y,
0 x103
0 10 20 ( , , : \
! t (s) ) Link with the macroscopic rheology
. \ o . 104 Green: [NaCl] = 10 'mol.L ™"
Compaction and dilatancy: dynamic study Frictional behavior at low P: =~ "" | 53%
9 O non shear-thickening rheology ; ..
4078 . g
¢ (%) Ve o0 ® _ ¢ (%) ~— 1()— 50%. .-- Eg
60- o * 50- G °2¢ 000
] ® ® + o —; : A A A 2”
e O —— ‘ ST B
51 @ ¢C _______ _9]
. s 30- 102
_ _ 104 10 1
56@ | | | | Nta,psl 46 - Ntaps (reV/S)
0 40 30 120 0 | 40 | 30
Compaction: frictional system No compaction: frictionless system 20_ | | ) )
Black: [NaCl| = 10" "mol.L~
5 104
0: (°) Y 53.7%
] 1 ) 3 :
30: O Frictionless behavior at low P: E"/ :
shear-thickening rheology 10)- 53.670
| 0- = T X e ® fS%
O— Otap t (S) |—5| T TTTI 1 |||||||—|3| T TTTI [ ||||||||—]|-| T TTTI 11 10_2_: AAAM
0 100 200 - 0_4 102 1
Dilatancy: frictional system No dilatancy: frictionless system [Na’Cl] mOl / L R Q (rev / S)
\ y, \. J
Conclusion Conclusion
Standard Newtonian suspension (large glass beads) Al—; < 1 : existence of a frictionless state at low P » shear-thickening rheology
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® no dilatancy atlow Change the confining pressure P at constant P. (constant [NaCl]) and measure the macroscopic friction pu

Article: Clavaud et al. (2017) Revealing the frictional transition in shear-thickening suspensions. Proc. Natl. Acad. Sci. USA, doi:10.1073 /pnas.1703926114

Acknowledgments: Sarah Hormozy, Pauline Dame, Alain Rangis, and our technical staff at IUSTI. This work was supported by the European Research Council (ERC Grant 647384) and by the Labex MEC (ANR-10-LABX-0092)



