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Dynamic modulus reflecting aggregation state
IN aqueous slurries
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Viscoelasticity
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Viscoelasticity
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Oscillatory shear flow
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SAOS (Small Amplitude Oscillatory Shear; y, << 1) — Linear response

Strain: y, sin wt
Shear rate: yyw cos wt

Stress: gy sin(wt + ) = yo(G' sinwt + G cos wt)
Loss modulus: ¢"

Storage modulus: G’
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Structure estimation from viscoelasticity
Cathode slurry of LiB (LiCoO, + Acetylene black + NMP)
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Material fabrication from suspensions

Suspensions Functional materials
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Dispersing Coating Drying
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Food Cosmetics Paint Electrode
Medicine Ceramics
 Dispersion/Aggregation » Coating properties

 Structural change by shear flow

SAOS (y, K 1) LAOS (y, = 1)
Linear viscoelasticity Nonlinear viscoelasticity

Viscoelasticity can be a measure to control fabrication processes
«— Relationship among starting materials, structure, and viscoelasticity



Objective

¢ Performing numerical simulations of particle dynamics
under oscillatory shear flow to calculate linear viscoelasticity

¢ Investigating the relationship between structure and
linear viscoelasticity (dynamic modulus) by changing

DLVO interactions between particles

DLVO potential

Interaction
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Motion of particles

MV = F? + FF
Fluid Inter-particle

e Contact force: Ft w

e DLVO force:; FPLVO

A Electric double layer

, repulsion

h

/" Van der Waals attraction

— Dispersion / Aggregation



Motion of particles

MV = F" + FP

Numerical simulations in 2 steps

1. Structure formation : F" = —¢V + F& <
* Drag: —(V (Stokes’ law) Brownian motion

* Fluctuations: EX(t)~N(0,2lkgTAt) (Gaussian noise)

2. Rheological evaluation : F' = —(V — V)

* Oscillatory shear flow
Vex = v(1)y ex y(t) = yow cos wt J’L
X

Z

* Boundary conditions: Periodic (x, z), Lees-Edwards (y)



Rheological evaluation

Stress Fi;
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Dynamic modulus
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G'(w) = W o(t) sinwtdt = G},
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« Storage modulus

e Loss modulus .
T/w
G"(w) = —f o(t) coswt dt = ne(p)w + Gy




Simulation conditions

Step-1: Structure formation

Particles

e Diameter: d = 100 nm

« Concentration: 45 vol%

« Zeta potential: 0, —20,—-28 mV

Fluid: Water
* lon concentration : 3.8 mM

DLVO potential - 20
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Structure

Contact number
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Simulation conditions

Step-2: Rheological evaluation

Shear flow
e Strain: y, = 1x1072
* Frequency:
wt = 3x1073 — 103

Side length: 10.5d

Relaxation time Shear rAate: y(t) = yow cos wt
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In dependence
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Dynamic modulus
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Dominated by fluid contribution
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Dynamic modulus

tand = G"' /G’ Coating fluidity:

Viscosity at short time
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Summary

1

e Numerical simulations show dynamic modulus reflecting structure
formed by DLVO potentials

* Non-monotonic dependence of dynamic modulus on the degree of
aggregation at low frequency

* The non-monotonic dependence is to be noted in rheological control
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