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Shear thickening
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Continuous Shear Thickening
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Continuous Shear Thickening
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Shear Thickening - Jamming below RCP
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Shear Thickening - Jamming below RCP
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Shear Thickening - Jamming below RCP
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Shear Thickening - Jamming below RCP
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Shear Thickening and Friction
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Stress activated friction
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Relative Viscosity

Analytic model for shear thickening rheology
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Analytic model for shear thickening rheology
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Force (NN)

What sets the onset stress?
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Charge stabilised spheres
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Charge stabilised spheres
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Charge stabilised spheres
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Charge stabilised spheres
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Charge stabilised spheres
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Shear thickening charge stabilised suspensions

2
oy
<-

0.57
0.54
0.53
3 0.50
0.48
0.44
0.39
0.33
0.27

L 2 4

Relative Viscosity

L R 2 I R

100 101 102 103
Shear Stress (Pa)

d=1.5 pm Silica spheres in 85% w/w glycerol/water



Shear thickening charge stabilised suspensions
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Shear thickening charge stabilised suspensions
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Shift in thickening onset, m unchanged

ey e era

[ 1.6 mM

E\} A——A— A -
i 50 mM i
0.3 0.4 0.5 _

Volume Fraction ¢

Relative Viscosity

—i
o
W

—
)
N

—
o
o

—h
<

Om = 0.56
® 1mM
A 50mM TI;’
200 mM 2 |”5=1 -
P
““““ SIS
_______ s‘/wrrfi T3
do = 0.68 -
0.30 0.40 0.50

Volume Fraction ¢



Further increasing salt concentration:
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Simple picture of particle interactions
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Simple picture of particle interactions
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Stress (Pa)
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Connect rheology to interactions?
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d® o* (NN)

Connect rheology to interactions?
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Connect rheology to interactions?
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Ok agreement ... what about VdW minimum?



150 nm

DLVO: interactions for smooth spheres
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Our particles aren’t smooth
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Our particles aren’t smooth

(if you look close enough)
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Our particles aren’t smooth

(if you look close enough)

screening length Ap, peak location: ~nm or below
Expect DLVO to breakdown close to contact
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Interaction model with roughness?
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Interaction model with roughness?
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Direct Force Measurements
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Conclusions
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- Shear thickening onset controlled by repulsive
particle interactions

- smooth particle interactions capture trend
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- Shear thickening persists even as repulsive
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