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Fabrication process of ceramics
2
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1,400°C.  The green body is transformed by the heat into a dense, strong part through the 

sintering process.  This firing step is essential to making useful ceramics.  Oftentimes the green 

body is coated in a glaze before firing to give it a smooth exterior and make it safe to eat or drink 

out of.  The slip casting process is illustrated below in Figure 1. 
 

 

Figure 1 : Schematic showing the steps used in slip casting.  First the slip is prepared by mixing the ceramic 
powder with a liquid.  Next the slip is poured into the mold which absorbs the liquid out of the slip leaving a thin 
wall of powder along the mold wall.  The access slip is removed and the green body can then be removed from 

the mold.  Finally, your part is placed in a furnace to be sintered into the final dense object.  
(https://www.britannica.com/technology/traditional-ceramics) 

 

Lab Description: In this lab, students will gain hands-on experience in slip casting a small 

ceramic object.  You can pre-make the molds then have the students slip cast their own part.  

This can be done in small groups or individually, depending on how many molds are made.  If 

you have access to a high temperature furnace, you could also sinter the part after slip casting 

(recommended temperature is 2205° F; instructions are included with premade slip).    

 

 

 

 

https://www.britannica.com/technology/traditional-ceramics

Slip casting



Objective & Method
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Meso-scale (~1 μm, <1 ms) Macro-scale (>1 mm, >1 s)

Slurry

• Particles

• Solvent

• Additives

Operation

• Pressure

Aggregation / Dispersion

Cake structure

• Packing density

• Permeability

Slip casting behavior

• Cake growth rate

• Density distribution

Meso-macro modeling of slip casting
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Continuum modelDiscrete model



Macro-scale model
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𝑃 = 𝜂𝑣 𝑅0 + 𝑅c ≈ 𝜂𝑣𝑅c

ሶ𝐿 = 𝑣

𝜙c − 𝜙0 𝐿c = 𝜙0𝐿

• Mass balance

(Solid)

• Momentum balance

(Liquid)

𝑅c ≫ 𝑅0

𝐾 =
2𝜙0

𝜙c−𝜙0

𝑘c𝑃

𝜂

Ruth’s filtration equation

𝑅c = 𝐿c/𝑘c (Incompressible cake)

Particle volume fraction

𝜙0

𝜙c 𝐿c

Permeation resistance

Slurry

Cake

Mold 𝑅0

𝑅c

Filtrate volume per area:  𝐿 =
𝜙c−𝜙0

𝜙0
𝐾𝑡 1/2

Cake thickness:  𝐿c = 𝐾𝑡 1/2
Pressure: 𝑃

Liquid viscosity: 𝜂

Cake permeability: 𝑘c 



Meso-scale model

𝑀 ሶ𝑽 = 𝑭H + 𝑭P

Contact force

DLVO force
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Particles

𝐼 ሶ𝜴 = 𝑵H

𝛁 ⋅ 𝒗 = 0

𝜌 𝜕𝑡𝒗 + 𝒗 ⋅ 𝛁𝒗 = 𝛁 ⋅ 𝝈 + Φ𝒇P

𝝈 = −𝑝𝑰 + 𝜂 𝛁𝒗 + 𝛁𝒗 ⊤

𝒗 𝒓, 𝑡

Φ = 0
𝑽

𝜴
Φ = 1

Indicator function：Φ 𝒓, 𝑡

𝑝 𝒓, 𝑡

Electric double layer repulsion

Van der Waals attraction

Hydrodynamic 

force/torque

Imposition of velocity 
in particle domains

Inter-particle force

Fluid flow: Navier–Stokes equations



𝜌 𝜕𝑡𝒗 + 𝒗 ⋅ 𝛁𝒗 = 𝛁 ⋅ 𝝈 + Φ𝒇P + 𝑫 −
𝜂

𝑘0
Ψ𝒗

Meso-scale model
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External pressure gradient: 𝑫 = −𝛁𝑝ex

Permeability of mold: 𝑘0

• Additional terms for slip casting in Navier–Stokes equations

• Generation of particles on inflow plane

Volume generation rate per area: 𝜙0𝑣

0

𝑝ex

𝑝

𝑃

𝑧 Inflow

Outflow

Ψ = 0

Ψ = 1 Mold



Simulation conditions

Particles

• Diameter: 𝑑 = 1 μm

• Concentration: 40 vol% 

• Zeta potential: 0 mV

Fluid: Water

System size: 8𝑑 × 8𝑑 × 16𝑑

DLVO potential
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ℎ

Varied parameters

• Pressure: 𝑃∗ ≡ 𝑃𝑑2/𝐹 = 10−1 − 101

Flow

𝑥 𝑦

𝑧

Interparticle adhesion: 𝐹

Hamaker constant: 𝐴 = 1 × 10−20 J

𝐹 =
𝐴𝑑

24ℎc
2 ℎc~0.1 nm



Simulation results
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Contact number 0 12

𝑃∗ = 0.1 𝑃∗ = 1 𝑃∗ = 10



Cake growth (Meso-scale)
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(b) 0.93

(a) 

(b) 

(c)

(d)

(a) 0.46 (c) 1.86

Time: 𝑃𝑡/𝜂 × 10−3

(d) 3.71

Packing density
Average

𝑃∗ = 1



Packing density
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Time: 𝑃𝑡/𝜂 × 10−3

5.573.711.86

𝑃∗ = 0.1 𝑃∗ = 1 𝑃∗ = 10

𝑃∗

𝑃∗ = 𝑃𝑑2/𝐹



Dehydration curve
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𝐿

𝑑
=

2 𝜙c − 𝜙0

𝜙0

𝑘c

𝑑2

𝑃𝑡

𝜂

1/2

Slope → Permeability

𝑃∗ = 0.1

𝑃∗ = 1

𝑃∗ = 10

𝑃∗ = 0.1

𝑃∗ = 1

𝑃∗ = 10

Filtrate volume per area: 𝐿

Time Time



Packing density & Permeability
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Increase in pressure 𝑃

Decrease in interparticle adhesion 𝐹

Increase in packing density

Decrease in permeability



Cake growth (Macro-scale)
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𝑃∗ 𝑃 /kPa 𝐾/ mm2/s

0.1 1.5 0.17

1 15 0.69

10 150 3.7

𝐹 =
𝐴𝑑

24ℎc
2

𝐴 = 1 × 10−20 J

ℎc = 0.165 nm

𝑃∗ =
𝑃𝑑2

𝐹

𝐿c = 𝐾𝑡 1/2

𝑃∗ = 0.1

𝑃∗ = 1

𝑃∗ = 10

𝐾 =
2𝜙0

𝜙c−𝜙0

𝑘c𝑃

𝜂



Summary
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Meso-scale model

Particle interactions

 Pressure

Cake structure Slip casting behavior

Macro-scale model
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