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Design and processing of ceramic materials

Bio-inspired layered ceramics with tailored microstructures
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o Need for tough and mechanically reliable ceramics

o Problem: Brittleness of ceramic parts – unpredictable fracture

❑ Vision Build ceramics in a "bio-inspired " layered architecture

Tailored embedded 

"compressive stresses"

Complex distribution

of "protective" layers

Novel "textured" 

microstructure

✓ Crack arrest (high toughness)

✓ Flaw tolerance (high reliability)

"classical" "novel"

Isotropic

Anisotropic
(textured)

Fig. 3: Step-wise fracture of layered nacre

crack!

metal ceramic

Fig. 1: Fuel injector for common rail systems

Biomedicine Communications Energy Transport

❑ Design and characterization of layered ceramic composites

Example of failure

It is "hard" to be "tough"…

…it is "tough" to be "strong"

Aim: strong and tough ceramics

Fig. 2: Natural seashell

…from nature to the lab…

Fig. 4: Fracture of a layered ceramic

1 mm

10 µm

❑ Novel processing of microstructures and architectures with enhanced properties

1 mm 1 mm

…towards 3D architectures…

❑ Ceramics for use in structural and functional systems
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Low temperature fabrication of ceramics by the cold sintering process
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❑ Exploring scaling up opportunities 

In cooperation with:

❑ Densification by cold sintering 

❑ The Cold Sintering Process: innovative technique that enables densification of 

ceramics at unprecedented low temperatures < 300°C

❑ Problem statement: Sintering of ceramics requires high temperatures > 1000°C

Portrait of the 

author

High energy consumption &

Carbon emissions 

Limited materials design and 

integration Metals

Ceramics

Polymers

• Thermal stresses 

• Decomposition/reaction 

between different phases

Need  for alternative low-temperature sintering techniques

The principle: Geologically inspired pressure-solution creep mechanism
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Chemical phase

Powder particles

1) Dissolution: activated by the transient phase (Chemistry)

2) Diffusion: by chemical potential gradients induced by Pressure

3) Precipitation: due to liquid phase evaporation at low Temperature

Cold sintering multiple 

parts (batch process)
No gradients within batches Quality control: Non-

destructive ultrasonic testing 
Up scaling part size

defect

Np/m

ZnO powder Cold Sintered

120°C, 200 MPa

for 1 h

CSP

+ Formic acid

Dense (98%)

No grain growth

Sada et al., J. Eur. Ceram. Soc. 2021, 41(1), 409-417

Unique composites and grain boundaries design 

❑ Integration of ceramics/polymers/metals

BaTiO3 Ceramic

PTFE Polymer
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Fabrication of ceramic electrolytes for SOFC/SOEC through tape casting
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❑ Results

In cooperation with:

❑ Processing of cubic zirconia (8YSZ) ceramic electrolyte through tape casting

❑ Problem definition

❑ Principle of Solid Oxide Fuel (Electrolyzer) Cells:

Chemical energy Electrical energy
SOFC

SOEC

>150-250µm

Cathode

Electrolyte

Anode

Electrolyte-supported

SOFC/SOEC
▪Higher ohmic resistance of 

thick electrolytes

→ “low cell performances”

▪ Thinner electrolytes 

→ “less mechanical integrity”

Design and fabrication of thin 

electrolytes with enhanced 

mechanical integrity and 

sufficient ionic conductivity 

through tape casting

Tape casting
Isostatic

pressing
LaminationGreen tape Debinding Sintering

Punching

& stacking

Microstructure Mechanical strength Ionic conductivity

Design and processing of ceramic materials

Slurry

preparation

https://www.bloomenergy.com

5 mm

Effect of thickness

on the microstructure,  

strength and ionic 

conductivity of tape 

casted 8YSZ 

electrolytes

Challenges Vision

Fuel Cells 20, 2020, No. 6, 644–649
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Rapid sintering by Spark Plasma Sintering
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❑ Applications of SPS and rapid sintering

In cooperation with:

❑ Sintering of 3Y-TZP nano powder

❑ Sintering of ceramic powder is a process used in

ceramic manufacturing to create solid ceramic materials

from fine powders. It involves heating the powder compact

at high temperatures, typically below the melting point of the

primary material, but high enough to cause atomic

diffusion and densification of the powder particles.

Portrait of the

author

❑ Spark Plasma Sintering technique

• Mechanical Pressure (30 – 100 MPa)

• Fast Heating/Cooling (100 – 1000 °C/min)

• Short dwell time (1 – 30 min)

• Direct Electric Heating (conductive samples)

• DC Electric Pulses/AC source

Heating

500 nm

Densification of tetragonal zirconia stabilized with 3 mol% Y2O3 (3Y-TZP) by SPS. 

a-SiAlON prepared at 

1750°C/3 min/50 MPa 

Pressure-less sintering of 3D printed 

Hydroxyapatite scaffold

Complex high entropy carbides 

prepared at 1700 °C/5 min/50 MPa

5 mm
10 mm 500 mm 1 mm
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