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Structure control based on the drying characteristics of

colloidal suspensions
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Drying Curve of Colloidal Suspensions

Drying characteristics < Structure
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Heat balance
pUAH,, = h(T — Tex)

Liquid density: p

Latent heat: AH,

Heat transfer coefficient: h
Drying temperature: T,y
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Objective

¢ Estimation of the drying curve of colloidal suspensions by
numerical simulations (SNAP-L)

¢ Control of drying characteristics by dispersion/aggregation
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Model

 Particles: Equation of motion (Langevin eq.)

* Free surface: Recession with a varying rate

Particles Q \

Capillary force T Permeation resistance @

) — Falling drying rate Q

Free surface




Particles’ Brownian Motion

Langevin equation

MV = —&V + FR 4 Fepl 4 pent 4 FDLVO
Fluid  Free surface Interparticle

e Drag force: —¢V (Stokes’ law: & = 3nnd )

e Random force: EX(t)~N(0,2&kgTAt) (Gaussian dist.) lr;:ér\o
— Brownian Diffusion (Diffusion coefficient: D = 31237;) < -----

« Vertical capillary force: F°P!

® Contact angle a =0

* Contact force: F"  DLVO force: FPLVO pOHVO potentia
- ' ' . Electric double layer
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*~. repulsion
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Drying Rate

Z A
Boundary film”g
Darcy’s law Particle layer \
Dryi te: U AP
rying rate: =
n(Ro + Rp) N
_ _ 0 AP
Resistance of evaporation: R, Pressure
Resistance of particle layer: R,
Viscosity of liquid: n
U Ry . . AP
- — = Initial drying rate: U, = —
UO RO + Rp nRO

(Constant drying period)



Resistance of Particle Layer

| U R,
Drying rate: — =
Us ~ Ro +F, TSI

Particle layer = Aggregation moving with free surface
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Simulation Conditions

Particles “ : 3
» diameter d = 100 nm : e
* Initial volume particle fraction 0.1

« Zeta potential 30 mV >0d

Medium
» Water
e Initial drying rate U, =5 x 1073 m/s
* lon concentration
5X107% —1x107? M

Initial particle drying Péeclet number

Drying rate U J0n
_ (Dryingrate) _ Uo _ 100 1)
(Diffusionrate) D/d |
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Partlcle Dlstrlbutlon
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Drying rate
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Summary
Volume fraction of

particle layer
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Summary

¢ How to prevent skinning

 Drying characteristics — Temperature control

« Dispersion/aggregation control to reduce drying time
Aggregation: higher porosity — higher drying rate

Dispersion: slower particle layer growth
— higher drying rate



