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Tape casting – from powder to thin sheet

Water based systems
Ceramic powder
Dispersing agent
Binder

Thin ceramic sheet



Deagglomeration and homogenity

Concentrated 
powder suspension

Separated primary 
particles

Good dispersion
Repulsive forces

Mechanical 
treatment (milling) Surface Chemistry

Rheology

How to create?



Structure of Ceramic Dispersions

Bad Agglomeration
dispersion = weak material

Good Close packing
dispersion = strong material



Stabilisation mechanisms - dispersants

Electrostatic or electrosteric
stabilisation more common in 

water media

Steric or depletion stabilisation 
more common in organic

media

Unfavourable thermodynamic 
situation when polymer chains 

penetrate each other ® repulsion



Interparticle interactions in liquids

• Attraction between 
molecules

• van der Waals 
forces

• Repulsion between 
charges.

• Repulsion due to 
dispersants



DLVO theory

• Provides a quantitative explanation of coagulation by equating the total 
interaction potential, VT, as the sum of the attraction, VA, and the 
repulsion, VR

VT = VA + VR

VA Intermolecular attractive forces (van der Waals forces)

VR Repulsion between charges electrostatic double layer
Stabilisation mechanisms dispersants

Derjaguin, Landau, 1941
Verwey, Overbeek, 1948



Secondary minimum

Primary minimum

D   Spontaneous dispersion of particles

C   No coagulation due to high Vmax energy barrier

B   Weak coagulation in secondary minimum 

A   Fast coagulation into primary minimum

Illustration of DLVO theory

Surface force measurements give the 
interaction between particles
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FVA -=
A Hamaker constant

F Form factor: a1a2/(a1+a2), a1 and
a2 are the radii of the particles

H0 Interparticle distance

Calculation of van der Waals attraction

Material Air Water Cyclohexane

Fused quarts (SiO2) 15.4 1.8 0.3

Sapphire (Al2O3) 36.3 11.9 8.0

� -SiC 58.5 30.2 24.4

� -Si3N4 38.8 14.1 9.7

Hamaker constants (kT)

The higher the Hamaker constant, the 
more attraction between the particles



Salt decreases the repulsion! - due to shielding of charges. 

1/� called Debye length is considered as the diffuse layer thickness –
decreases with increasing salt concentration

The electrostatic double layer repulsion

Zeta potential 
derived from 
measurement

Debye length
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F Form factor: a1a2/(a1+a2), a1 and a2 are the radii of the particles

k Debye length (determined by ionic strength)

� r Dielectric constant of the liquid

H0 Interparticle distance

Calculation of double layer repulsion
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Charging through dissociation of surface groups or binding of ions to the 
surface (M=metal)

at high pH:
M-OH  � MO- + H+

at low pH:

H+ + M-OH  � M-OH2
+
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Charging of particles in aqueous media:

-OH2
+

-O-

-OH

pzc

Isoelectric point = pH 
where the particles 
are neutral

pzc = point of zero 
charge



Isoelectric points for ceramic powders (pHiep » pzc)

Material Media
(background electrolyte)

pHiep

� -SiC
Si3N4
Si3N4
� -Al2O3
� -Al2O3
MgO
Y2O3
m-ZrO2
t-ZrO2 (Y2O3)           

KNO3
KNO3
NaCl
-
NaCl
-
KNO3
NaCl
NaCl

2.5
6.5
4.2-7.6
9.2
8.8
12.5
10.6
5
7.7

Mixing materials with different pHiep can causes hetero 
flocculation owing to opposite charges



Common dispersants

Charging
(Electro-static stabilisation)

Polyelectrolytes (salts)
(Electro-steric stabilisation)

Non-charged polymer
(Steric stabilisation)

Polyacrylates (PAA, PMA, PMMA)
Polyethylene imine (PEI)

Citric acid
Tiron (sulfonic acid disodium salt)
Lignosulphonates

Comb polymers (PAA/PEG)
Phosphate esters



Efficient dispersants in water

Polyacrylic acid (PAA) — (CH2-CH)n —

COO- NH4
+

MW=2000-15000 g/mol

� electro-steric stabilisation

Comb copolymer 

MW=3000-100000 g/mol
– (CH2 - CH2 – O)n –

� steric stabilisation

“backbone” of 
PAA (anchor)

PEG-chains

(PEO)

(PMA, PMMA)

+ + +



Rheology in Ceramic Processing

• An useful tool to study effects of and optimise

– Dispersant (type and amount)
– Particle size distribution

– Particle concentration

– Time and temperature stability
– Solubility (ion concentration)

– Additions of processing aids (binder, plastiziser)

• Quality control in manufacture of ceramic components



Rheological instruments

• Viscosimeter Viscometry, more simple instrument

• Rheometer Viscometry, viscoelasticity, relaxation; more 
advanced instrument

• Measuring principles
– Rotation
– Capillary flow



Definition of Viscosity
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Solid element

Applied stress � = F/A Resulting shear � = tan � = x/y



Vmax

y0

� x

� y

x

Shear rate        � = Vmax/y0
·

Viscosity         � = � /�
·

Newtons law, a material constant

Powder suspensions are normally non-Newtonian � � = f(� )·

The use of Newtons law is expressed by ”apparent viscosity”

Liquid element



Viscous properties (characteristics)
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Viscoplastic (shear thinning)

Bingham plastic

Pseudoplastic

Newtonian

Dilatancy (shear thickening)

Various models (� ¹ �� ) for various rheological behaviour·

Shear rate,



Shear and time dependent viscosity
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Rest viscosity

Structure break down

Ordered structure

Structure instability
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Effects of shear in dispersive systems

Irregular 
particles

Spherical 
particles

Agglomerated 
particles

Deformable 
particles

Flexible 
polymer

Viscosity decreases at shear



Yield stress
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Apparent 
yield 

stress

Observe that the result depends on the 
applied parameters!



Material can display both viscous (liquid like) and elastic (solid like) properties

Definition of Viscoelasticity

The Deborah number express the relation between relaxation and measuring 
time and can be used as a viscoelastic characteristic 

Dc = � /t

0.01 0.1 1 10 100

Dc

Liquid Viscoelastic Elastic



Oscillatory shear Complex shear modulus
G* = G’ + iG’’ = � 0/� 0

G’ Storage modulus
G’’ Loss modulus

Tan � = G’’/G’

The phase angel � shows the relation 
between the viscous and elastic respond

Viscoelastic characterisations
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Viscoelastic properties are defined in the linear viscoelastic region

Stress or strain sweep at constant 
frequency



Creep-recovery

�
Stress 

application

t

J

J

J

Jg Instantaneous elastic compliance

Jd Retarded elastic compliance

t/� Viscous compliance
t

t

t

Elastic solid

Ideal liquid

Viscoelastic material

Jg

Jd

t/�

Compliance J(t) = � (t)/�



OBSERVE!!
Be aware of that results of rheological 

measurements very much are 
dependent on the parameters applied 


