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A model for analyzing particle deposition in slurry
coated onto a porous substrate
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Slurry coating onto porous substrates
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Slurry coating onto porous substrates

Elementary processes

(1) Penetration of solvent <« Present study
(2) Dispersion and dissolution of porous substrates

(3) Drying of slurry
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Contact number 4

0 - =12 Previous study
7 = 005 7 =05 ~ (Capillary force)
| | ‘T (Adhesion force)
SC 5 ’ » Structure of particulate layer

« Surface tension of solvent
(vs. particle interactions)

* Particle distribution

« Coated layer thickness
fcc

« Surface roughness
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Objective & Method
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Macro-scale model (Ruth equation)

« Mass balance (Liquid) L = U Particle volume fraction
(Solid) (¢c — ¢o)Lc = ol Slurry  $o

 Momentum balance (Darcy’s law)
P =nU(Ry + Rc) = nUR: (R > Ry)

Substrate R,

* Incompressible cake R, = L /k. L Permeation resistance

2¢g kcP Pressure: P

« Cake growth: L. = (Kt)¥/2 K =
J e = (kD) bc—Po T Liquid viscosity: 1

Cake permeability: k.
Cake structure (¢, k.) — Particle deposition behavior

X Relationship between Control factor and cake structure



Particles’ motion (Meso-scale model)

muv; = FiH + F? » Contact force  « DLVO force

Particles: {r;}, {v;}

Drag T l Pressure drop

Fluid: U Permeation resistivity: Cbo 80000
2) 80 S |9.L0 8 o
Z) = O
1 P@) = DT s@ O Q5o
P=nROU+—zFH 0G° 900
SLu 7' Cross-section §
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Hydraulic diameter: Dy = 45¢/L; A A
Cross-sectional area of the flow: S; K
Wetted perimeter: L¢ |

=1 [ROU + fp(U — ﬁz)dz]
%

(Darcy’s law) Permeable wall



Simulation conditions

Particles : :

. Dimensionless Pressure
* Diameter: d = 500 nm pd?  pd
« Concentration: 40 vol%  p* = T = 10~t —10?
» Zeta potential: 0,20 mV Ty

(Aggregation, Dispersion)  Scaled by Interparticle adhesion:
Fluid: water #=myd

P =6—600KkPa

Interparticle potential * Adhesion energy:

~1072 J/m?

Y= 24mn?

 Hamaker constant: A~10729 |

« Contact distance: h.~0.1 nm

10d x 10d x 40d




Particle deposition
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Slurry

Po

.

Cake growth rate

Particle volume fraction

\
Substrate lyo Permeation resistance

Linear relation (Macro-scale model):

B Ry + R~ R+ =20 2L
ndL 0 ¢ 0 T K\ e — o
2¢o kcP

Cake growth rate constant: K =

Cake thickness: L, = (Kt)1/?

bc—po 1

11

S |,
=15 Dispersion ./ "
= - -
= 0.5 Aggregation
0 L L
2 4 6 8 10
L/d
Kn/Pd?* | K/(mm?/s)
Aggregation | 4.4 x 1073 0.066
Dispersion | 2.5 x 1073 0.037




Time: Pt/n
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How to control particle deposition "

d =10 nm
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§ 3 Adhesion energy:
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P Pressure: P

Adhesion: F,y < > Particle size: d



Summary

* Meso-scale modeling to analyze particle deposition on a porous substrate
— How to control particle deposition
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