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Rheology and dynamics of colloidal glasses
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Effect of surface anisotropy on dense suspensions
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Roughness breaks fore-aft symmetry in simple shear

Experiments with non-Brownian
PMMA (¢ = 0.05) in Couette cell
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Theoretical developments:

Asperity prevents particle contact

2 limiting cases: slide (frictionless)
and interlocking rigid bodies
(frictional)

Roughness brings Stokes flow
irreversibility and symmetry breaking

Smart & Leighton (1993), Gallier et al. (2014), Wilson & Davis (2002), Da Cunha & Hinch (1996), Sierou & Brady



Particle roughness and shear thickening

¢ = 0.52 for both \+ials
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Synthesis of PHSA-PMMA rough colloids

Free-radical dispersion polymerization

Crosslinking
copolymer (EGDM) Densely
/ MMA oligomers and grafted
— PHSA-GMA-MMA PHSA
Initiator (AIBN) / combs
Monomer (MMA) Nucleation p 5}
Crosslinker (EGDM) >
Stabilizer (PHSA- Phase separation Growth
GMA-MMA) from solvent
Nucleation (~m|nutes) Growth (~hours)

Increasing crosslinker concentration, Increasing roughness



Colloidal particles of varying roughness
PHSA-stabilized PMMA colloids, 2a.; = 1.9 to 2.5 ym, Size polydispersity = 3-4%
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Extracting roughness from AFM measurements

AFM cantilever
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Steady state viscosity and first normal stresses
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Fitting the high-shear viscosity to the Eilers model
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State diagrams for rough colloids in shear flow
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Roughness slows down rotational relaxation
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Resistance to rotations and the glass transition

1) Besides viscosity and N,, what are other rheological signatures
for smooth sphere and rough sphere suspensions of similar ¢?

2) Does roughness shift the glass transition to lower ¢? Why?

3) How does roughness affect the avalanche-like yielding of dense
suspensions?



Linear viscoelasticity of rough colloids
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Creep under step siress
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Strain recovery after creep cessation
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FAQ 1: How did you calculate the volume fraction?

Answer:

Effective size from AFM/SEM, particle counting from 3D confocal microscopy

0.010
0.008:-

“@% 0.006
S 0.0041
D 0.002-
0.0001
-0.002
0.0 0.5 1.0
y (rad)
3
y _ 4/3pa N
CLSM V

' =0.30 I = 0.35 l = 0.40
I =0.45 I = (0.49 I =0.54
0.6 - -
@)

.0
> 0.5 ,DG
~-|—d //g
0.4 o
A
0.3{&




FAQ 2: Is your rheometer sensitive enough?

Answer:
Not below 0.5 s due to motor inertia,
Independent of shear rates or strains (DHR-2, TA Instruments)
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Summary

« Roughness introduces “friction” in the sense that it is difficult for
particles to undergo full rotation

It shifts maximum packing (based on viscosity divergence) to lower
¢

« Glassy behavior found at values of ¢ that is normally that of a fluid
Future work will determine if ¢$/¢,,,, can collapse nonlinear rheology
data
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