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Particle film formation

MAFIEUR  Efm-FR HEEEEEE

(Colloidal suspensions) (Coating) (Drying) (Functional thin films)
/1\

BE(EHF, FEEERIGE) DR

(Addition of solutes)

Evaporation

AL FeE 0D % B - i) 18] paat

(Elucidation and control of particle configuration)
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Interaction
DLVO Theory
Q A . .
2 |\ Electrostatic repulsion
E \ (Electrical double layer overlapping)
g Gap width O . O 3
GJ ll - —
< |I' van der Waals attraction . . ' ]

Addition of adsorbing solutes

Adsorption layer overlapping O O
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Purpose

AR —)LET ILEEZE (Mesoscale modeling)
EEMEETE (Direct Numerical Simulation)

*.L?/uu.ﬁﬁi@] (Particle/fluid motion)

?%Tﬁz%ﬂ (Free surface movement)

[Previous work]
M. Fujita et al., J. Comput. Phys. 281, 421 (2015).

nE W75/ E) (Transport of adsorbing solutes)
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Previous work

M. Fujita et al., J. Comput. Phys. 281, 421 (2015).
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Previous work

j] (Vertical capillary force)

*Fv

d =1pum

— E = nx0odcos 6’p

o AETE

-0.3

M. Fujita et al., J. Comput. Phys. 281, 421 (2015).
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-_’-,#g: j] (Lateral capillary force)
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Free surface
movement

Model
Coupled
-HiF: Newton-Euler BE)HFFEX
. . BRAENR
RE: BRLEAES -
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Transport

Motion
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Flow —>
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Particle-solute interaction

u(r) 4 HPRRTUIYIL

i (Square-well potential)

P -

. 0 r<a .
- u(r) =q—¢ asr<a+w j
0 r=za+w

B TRILE—: fe = &/kpT

i (Adsorption energy)

o w IREBES: A=w/a

i (Adsorption layer thickness)

RERTF ) e o

(Adsorption potential)

uad(‘r)={_€ FSAtW gaag) = % wid(r - Ry)

0 r=za+w _
L
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Indicator functions

Particle d e [0,1
Liquid felon

. - _ d
Adsorption = = ¢ BU"
— pNPBe
Overlapping number: n

— A
D5 f

For DNS:

step function
— continuous function




10/23

Solute transport

dc =0
LAV ) =V U+ i
....... aFluctuatlons
J=—f(1—-®)EDVc" Fo1
Liquid Gas T

c={1—-D)E[fc"+ (1 — fkc™]
=(1-DP)E[f(1—-k) + k]c*

7 EC{%EX (Partition coefficient) : k
SHENDBEIEFE1EEMH (impermeability) : k =0
ForDNS: 0 <k K 1
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Free surface movement

Mass conservation

Vst 2
[p(v — vp) - A] = 0 -
p(v—vg) A= (1— D> N
vsf=v—<1—cb>%ﬁ [0]= Q5 — 0

: . on free surface
w . evaporation mass flow rate

V¢ velocity of free surface

?af 1—®)—nf-Vf =
:E+v—(— );n f =

---------------------------------------------------------------------------------------------------------

For DNS: level set method
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Fluid flow

Mass conservation [y .f] = (1 — P)w[1/p]

---------------------------------------------------------------------------------------

ov Fluctuations
gp(—+v-Vv) =V:-(o0+5s)+pg
E +ykVf — cVU3 + pda

Surface tension Particle-solute Particle velocity
interaction forcing

o=—(@+mI+nVv+ (Vw)T] - Zn(V - v)I

Osmotic pressure m = kgT (2 — 1)c”




[Translation] M;V; = Flc + F_lH+F_lS R, =V;

[Rotation] I; - .Q.l- = Nf: + Nl.H

Hydrodynamic force/torque Particle-solute interaction
F' = —f[pCDa —®(p, —p)gldr F; = j cVU3ad dr

Nl-H=—f(r—Rl-)><pCDadr

Momentum exchange:
particle <= fluid
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Concentration distribution
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Validation
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Interpaticle force
2 I I I I

— Be=0.5
9C _ ,Bj =-0.5

=BERND

otic repulsion)

AT AR

= > < Z2¥E5|
O.Sa h 5 | | (I?,ricjygng aFtraction)
I Z= M e ER Bt 0 0.2 0.4 0.6 0.8

(Gap width) h/a
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Simulation conditions
*ﬁ?ﬁ£?§ (Particle radius)
a = 50 nm

EFLTE(R 2R (Dynamic viscosity) -
v=>5.0x10"° mz/s

++

4x |H gEjJ (Surface tension) 8a
y =2.0%x 1072 N/m v

:]%ﬁﬂﬁ (Contact angle)
a = 45°

5@%5}%43 (Solute concentration)
co = 5.0 X 1073 mol/L
X

*)J -E:ﬂ MK*E&]\% (Initial volume fraction)
®o = 30 vol. %

Periodic boundaries: x, y



Diffusion

Diffusion coefficient

Particle  Dpp = 1071%~10""" m? /s

Solute Dy = 10719~1078 m?2/s

Péclet number

av Pe D
Pe — —°¢ prt _ 7slt > 1
D Peslt Dprt

Approximation: Peprt — 0
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Solute adsorption

Ordering by interparticle force
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Solute Péclet number




Coverage

21/23



22/23

Solute Péclet number

S

-

IO\ oty
SRS

Peg; = 0.01
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Summary

AR —)LET ILIEZEE (Mesoscale modeling)
7|=_L?/u||.12|53:§)] (particle/fluid motion)

ST H

28] (free surface movement)

N B W75/ E) (transport of adsorptive solutes)

MEETE#E R (Numerical results)
BERE o> MFEIICEE
Péclet G B EMBB D FIE) ITIKFE

Particle ordering depends on solute Péclet number.




