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Slurry coating onto porous substrates
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DryingSlurry

Coating

Two-layer anode (Lithium-ion battery)

Gottschalk et al., Energy Technol. 11 (2023).

Exhaust gas catalyst

https://www.cataler.co.jp/train/qa/living/03.php

濱崎喜仁, 

セラミックス 55 (2020).

Glazed ceramics



Slurry coating onto porous substrates
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(1) Penetration of solvent

(2) Dispersion and dissolution of porous substrates

(3) Drying of slurry

Elementary processes

(1) (2) (3)

← Present study



Previous study
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𝛼 = 0.05 𝛼 = 0.5 𝛼 =
Capillary force

Adhesion force

• Particle distribution

• Coated layer thickness

• Surface roughness

• Structure of particulate layer

• Surface tension of solvent

(vs. particle interactions)

SCEJ 56th Autumn Meeting



Objective & Method
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Cake thickness

Time

Slurry

• Particles

• Solvent

• Additives

Pressure

Dispersion/Aggregation

Cake structure

• Packing density

• Permeability

Particle deposition

• Cake growth rate: Efficiency

• Density distribution: Quality

Control factor Structure

Macro-scale model

Meso-scale model



Macro-scale model (Ruth equation)
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𝑃 = 𝜂𝑈 𝑅0 + 𝑅c ≈ 𝜂𝑈𝑅c

ሶ𝐿 = 𝑈

𝜙c − 𝜙0 𝐿c = 𝜙0𝐿

• Mass balance

(Solid)

• Momentum balance (Darcy’s law)

(Liquid)

𝑅c ≫ 𝑅0

𝐾 =
2𝜙0

𝜙c−𝜙0

𝑘c𝑃

𝜂

𝑅c = 𝐿c/𝑘c• Incompressible cake

𝜙0

𝜙c 𝐿c

Permeation resistance

Slurry

Cake

Substrate 𝑅0

𝑅c

Particle volume fraction

• Cake growth: 𝐿c = 𝐾𝑡 1/2

× Relationship between Control factor and cake structure

Cake structure (𝜙c, 𝑘c) → Particle deposition behavior

𝐿

Pressure: 𝑃

Liquid viscosity: 𝜂

Cake permeability: 𝑘c 



Particles’ motion (Meso-scale model)

𝑚 ሶ𝒗𝑖 = 𝑭𝑖
H + 𝑭𝑖

P

7

+ +
+

+ +
+
+

+
+

+

- --

--

-

-

-

- -
-

-
-

-
-

-ℎ

• Contact force • DLVO force

Particles: 𝒓𝑖 , 𝒗𝑖

Fluid: 𝑈 

Drag Pressure drop

𝑃 = 𝜂𝑅0𝑈 +
1

𝑆
෍

𝑖=1

𝑁

𝐹𝑧𝑖
H

= 𝜂 𝑅0𝑈 + න
𝑉

𝜌 𝑈 − ҧ𝑣𝑧 d𝑧

𝑧

Cross-section
𝑈

𝜌 𝑧 =
80

𝐷H 𝑧 2

𝑆

𝑆f 𝑧

Permeation resistivity:

Permeable wallWetted perimeter: 𝐿f

Cross-sectional area of the flow: 𝑆f

Hydraulic diameter: 𝐷H = 4𝑆f/𝐿f

(Darcy’s law)



  

  

 

   

 
  
 
 
 
 

             
    

Simulation conditions

10𝑑 × 10𝑑 × 40𝑑

Interparticle potential
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Dimensionless Pressure

Scaled by Interparticle adhesion: 

𝐹 = 𝜋𝛾𝑑

𝛾 =
𝐴

24𝜋ℎc
2 ~10−2 J/m2

Fluid: water

𝑃∗ ≡
𝑃𝑑2

𝐹
=

𝑃𝑑

𝜋𝛾
= 10−1 − 101

• 𝑃 = 6 − 600 kPa

• Adhesion energy:

• Hamaker constant: 𝐴~10−20 J

• Contact distance: ℎc~0.1 nm
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Flow

(Aggregation, Dispersion)

Particles

• Diameter: 𝑑 = 500 nm

• Concentration: 40 vol%

• Zeta potential: 0, 20 mV



  

  

  

  

 

  
  

     

               

  

  

  

  

 

  
  

     

               

Particle deposition
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Compression pressure /P Aggregation Dispersion

𝑃∗ = 1

Aggregation Dispersion



Packing density
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               Volume fraction

0.61 0.64

𝑃∗ = 1

Average

Aggregation Dispersion

Aggregation Dispersion
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Cake growth rate
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𝑃

𝜂

d𝑡

d𝐿
= 𝑅0 + 𝑅c ≈ 𝑅0

′ +
2

𝐾

𝜙0

𝜙c − 𝜙0

2

𝐿

𝜙0

𝜙c 𝐿c

Permeation resistance

Slurry

Cake

Substrate 𝑅0

𝑅c

Particle volume fraction
   

 

   

 

   

 

  
  
 
 
  
 
 
  
  
 
 
 
  

       

    

Aggregation

Dispersion

𝐾𝜂/𝑃𝑑2 𝐾/ mm2/s

Aggregation 4.4 × 10−3 0.066

Dispersion 2.5 × 10−3 0.037

Linear relation (Macro-scale model):

𝐾 =
2𝜙0

𝜙c−𝜙0

𝑘c𝑃

𝜂

Cake thickness: 𝐿c = 𝐾𝑡 1/2

Cake growth rate constant:



Effects of pressure
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Contact number

0

12

0.1 1 10
𝑃∗ 0.1 1 10

𝑃∗

Aggregation Dispersion

Time: 𝑃𝑡/𝜂 



How to control particle deposition
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𝑃∗ ≡
𝑃𝑑2

𝐹
=

𝑃𝑑

𝜋𝛾
Poor deposition

Adhesion energy:

          𝛾~10−2 J/m2

1 μm
100 nm

𝑑 = 10 nm

Aggregation

Dispersion 𝑃 = 10 − 1000 kPa

Pressure: 𝑃
Adhesion: 𝐹, 𝛾 Particle size: 𝑑

  
  

  
  

 
 
  

 
 

  
  

  
 

  
 

  



Summary
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• Meso-scale modeling to analyze particle deposition on a porous substrate

  → How to control particle deposition

   

   

   

 
  
 
  
 
  
  
  
  

  
  

  
 

  
 

  

Poor deposition

Aggregation

Dispersion

Pressure: 𝑃
Adhesion: 𝐹, 𝛾 Particle size: 𝑑
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