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・Electrolytes	  	  	  
	  	  electrical	  double	  layer	  overlap	  (DLVO	  theory)	  

・Surfactants	  
	  	  surface	  modifica,on	  →	  change	  in	  adhesion	  

・Polymers	  
	  	  adsorp,on	  layer	  overlap	  	  

Addi,on	  of	  solute	  
↓	  

Effects	  on	  dispersion	  stability	  

Modeling	  for	  numerical	  simula,ons	  
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Fluid	  flow	  

Par,cle	  mo,on	  

Solute	  transport	  

Time	  evolu,ons	  of	  par,cle,	  solute,	  fluid	  



Osmo,c	  
pressure	   Par,cle-‐solute	  

interac,on	  

B.C.	  on	  diffusion	  flux	  

Advec,on	  

Solute	  concentra,on	  

4/14	  

Fluids	  (Solu,on)	  
Hydrodynamic	  force	  

Boundary	  condi,ons	  Flow	   Par,cles	  

(solute	  impermeability	  	  
	  	  	  	  	  	  and	  adsorp,on	  to	  par,cle)	  
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Concentra,on	  
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pressure	  

Constraint	  of	  
par,cle	  veloci,es	  
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Par,cles	  

Impermeability	  
Adsorp,on	  

Diffusion	  flux	   to	  par,cles	  

B.C.	  on	  diffusion	  flux	  

∫ Φ−= raF dρH
i ∫ Φ×−−= raRrN d)( ρi
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∫ ∇= rF dw
S
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Hydrodynamic	  force/torque	  

Par,cle-‐solute	  interac,on	  

Total	  momentum	  conserved	  
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0

Par,cle-‐solute	  interac,on:	  Square-‐well	  poten,al	  

uw(r) =
−ε 0 ≤ r < a+w
0 r ≥ a+w
$
%
&

w

a

Thickness	  of	  adsorp,on	  layer:	   w

uex (r) =
∞ r < a
0 r ≥ a
#
$
%

u(r) = uex (r)+uw(r)
Hard-‐core	  
repulsion	  

Acrac,on	  a a+w r

−ε

u(r)

βε = ε / RTAdsorp,on	  energy:	  

→	  Adsorp,on	  



Impermeability	  &	  
Adsorp,on	  to	  par,cles	  
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J = −D(1−Φ)Ξ∇c∗

Φ =1

Φ =1

Φ = 0
Ξ =1

Ξ = eβε

Ξ = e2βε

∂c
∂t
+∇⋅ (cv) = −∇⋅ J

Diffusion	  flux	  Concentra,on	  

Ξ = exp(−Uw / RT )
Uw = uw r − Rk( )

k
∑

c∗
c

Virtual	  concentra,on	  
c = (1−Φ)Ξc∗

π = RT (Ξ−1)c∗
Osmo,c	  pressure	  
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Osmo,c	  pressure	  
(Repulsion)	  

Bridging	  
(Acrac,on)	  

L

5.0/ =aw

Posi,ve	  adsorp,on	  
βε > 0
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Deple,on	  
(Acrac,on)	  

L

5.0/ =awβε < 0
Nega,ve	  adsorp,on	  
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gradient	  
49 mmol102 −×

ddd 447 ××
(x:	  fixed;	  y, z:	  periodic)	  

 /Lmol1

energy	  

layer	  thickness	  
dw 25.0=

5.0=βε

nm100=d
par,cle	  diameter	  

average	  
・concentra,on	  

・adsorp,on	  

system	  size	  
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energy	  

layer	  thickness	  
dw 25.0=

5.0=βε

nm100=d
par,cle	  diameter	  

average	  
 /Lmol1.0

・concentra,on	  

・adsorp,on	  

ddd 355 ××
(periodic)	  

system	  size	  
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0=βε 25.0/,5.0 == dwβε

No	  adsorp,on	   Adsorp,on	  

1.6 m/s 
nm100=d ddd 355 ××Par,cle	  diameter:	   System	  size:	  
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Simula,on	  model	  of	  colloidal	  dispersions	  with	  solute	  
transport	  and	  adsorp,on	  onto	  the	  par,cle	  is	  constructed.	  

・Solute	  transport	  

・Solute	  adsorp,on	  onto	  the	  par,cle	  	  
Par,cle-‐solute	  interac,on	  	  (Square-‐well	  poten,al)	  

B.	  C.	  on	  diffusion	  flux	  	  ←	  	  Virtual	  concentra,on	  

→	  interac,ons	  among	  par,cles	  
Acrac,ve	  force:	  	  Bridging	  force,	  	  	  Deple,on	  force	  
Repulsive	  force:	  	  Osmo,c	  pressure	  	  

(solute	  impermeability	  and	  adsorp,on	  to	  par,cle)	  
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・Drying	  and	  concentra,on	  process	  of	  
	  	  par,cle-‐polymer	  dispersions	  

・Breakup	  process	  of	  par,cle	  aggregates	  	  
	  	  with	  polymer	  addi,ves	  

evapora,on	  

agita,on	  
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gradient:	  

energy:	  

layer	  thickness:	  
w = 0.25d

βε = 0.5

2×109 mol m−4

d =100 nm
7d × 4d × 4dpar,cle	  diameter:	   system	  size:	  

(x:	  fixed;	  y, z:	  periodic)	  

average:	  
1 mol /L

concentra,on	  

adsorp,on	  
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5d ×5d ×3d
(periodic)	  

energy:	  

layer	  thickness:	  
w = 0.25d

βε = 0.5

d =100 nm
par,cle	  diameter:	  

average:	  
0.1 mol /L

concentra,on	  

adsorp,on	  

system	  size:	  
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βε = 0 βε = 0.5, w / d = 0.25

No	  adsorp,on	   Adsorp,on	  

1.6 m/s 
d =100 nm 5d ×5d ×3dPar,cle	  diameter:	   System	  size:	  


