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Classification of drying segregation states
by generalized diffusion model analysis
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Tatsumi et al., Appl. Phys. Lett. (2018).
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Segregation Condition
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Indicator of segregation: y = ({(zg) — (z.))/h¢
Average z-coordinate of the particles {z1) ©:(zs)
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1D Diffusion Model

Time evolution of particle concentration dist.
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Segregation of Large particles to the top surface
«— Diffusion rate: (Large particles) < (Small particles)

Trueman et al., J. Colloid Interface Sci. (2012).



1D Diffusion Model

Cross-diffusion — Segregation of Small particles to the top surface
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Zhou et al., Phys. Rev. Lett. (2017).



Objective

¢ Classification of drying segregation states by
generalized diffusion model analysis

¢ Examination of factors affect segregation:
 Cross-diffusion coefficient

» Particle size ratio (Ratio of diffusion coefficient)
» Mixing ratio (Mole fraction)
* Drying time



Model

Binary mixture dispersed in a liquid

oc 0] 0%c ac
— =——=D.— Generalized Fick's law: | = —D - —
ot 0z dz2 J = 0z
(€ _ (D11 D12)

¢= (Cz) b= (Dz1 D5, Z A

atcl — Dllazzcl + DlZaZZCZ h(t)

0ic; = Dy107¢1 + Dyy05¢, (ﬁ / \Z
I.C. ¢(z,0) = ¢, C T@ l

B.C.D-d,c(h,t) =uc(h,t) Free surface OO

B.C. d,¢c(0,t) = 0 Substrate
* D;;: Diffusion of i by the concentration gradient of j
D1 > D,,; 1:Small particles 2: Large particles

* Approximation: h > D;;/u — Analytical solutions
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Distribution

A=05 A=A,=0.1

x, = 0.091

T Increase in 2

X0

= 0.83

0.1 0.9_
005 l r=0.1 0.8
‘ . — =1 1 g7
Increaseinl — =10
0 ' ' ' 0.6
0 1 2 3 4 5 0
g

Mole fraction of 2: x =c¢,/(c; + ¢3)

Dimensionless distance from free surface: { = (u/Dy1)(h — z)
Dimensionless time: 7 = (u?/Dyq)t
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Classification of Segregation States

Classification by surface mole fraction of 2

Time




==z State Diagram w0

(A4, A,) = (0.1,0.1)

-- Final mole fraction
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 Larger mole fraction of i — Segregation of i

« Smaller diffusion coefficient of 2 — Segregation of 2
1/A < Particle size ratio



State Diagram -

(Aq,A,) = (0.1,0.4) (Ay,A,) = (0.4,0.1)
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* A;. i-th component excludes another



State Diagram e

I A=05
1 (Ay,Az) = (0.1,0.1)
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 Control of segregation by drying time



13
Summary

¢ Segregation conditions derived from the present model:

e Cross-diffusion coefficient
Larger D;; — Expansion of §;

* Particle size ratio
Smaller size ratio — Expansion of S,

* Mixing ratio
_arger mole fraction of i — Segregation of i

* Drying time
_onger time — Segregation




