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Inorganic 
materials

• Al2O3/TiO2

• YSZ/GDC/ScSZ

• Si3N4/SiC

• Perovskites

Flexible 
Pore 

structure

• Porous

• Dense

Pros./Cons

• Good chemical/thermal 
stability

• High packing 
density/flux/SA

• Expensive/mechanical 
issue

What is it? 

https://www.nexxwater.com/details/technology
https://www.pinterest.co.uk/pin/262756959479562411/

Background



What applications? 
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http://advancecad.edu.vn/

Manufacturing

1. Ram extrusion

BilletContainer

Ram

Mandrel Tube

2. Phase inversion-based extrusion

Background
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Sponge region

Micro-channels



6http://www.induceramic.com/industrial-ceramic-product/ceramic-membrane

Substrate layer
• Mixing
• Extrusion
• Drying
• Sintering

Intermediate layer(s)
• Preparation
• Coating
• Post-treatment
• Sintering

Separation layer
• Preparation
• Coating
• Post-treatment
• Sintering

Time, cost, energy …

FeedRetentate

Permeate
Membrane for water treatment:

1. Single-step manufacturing

Research activities
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Co-extrusion/
sintering

1.Improved 
adhesion

2. Time/energy 
efficient

3.Flexible 
thickness 
control

1. Varied 
sintering 
behaviours

2. Interactions 
between layers 
during extrusion
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✓ Shrinkage rate difference: 
20-50%

✓ Sintering rate difference: 
200-300%

bore fluid

suspension A

suspension B

1. Single-step manufacturing

Research activities
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Triple-layer Co-
extrusion/sintering

Design II: Graded anode/electorlyte

Graded anode

Electrolyte

Design I: 
Current 
collector/anode/electrolyte

1. Single-step manufacturing

Research activities



Graded Anode/Electrolyte Current collector/Anode/Electrolyte
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Power density 
(1.2 W/cm-2):
↑20-40%

Current collection 
efficiency:
↑5-10 times

Manufacturing 
time/energy 
consumption:
↓100%
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(1)Planar

(2)Tubular

(3)Honeycomb> 2 W/cm-3

~0.66 W/cm-3

<0.8 W/cm-3

Conventional SOFCs

2. New Geometric Design

Research activities

[3] T Yamaguchi, T Suzuki, et.al. Materials Letters, 63 (2009) 2577-2580[

[4] R A George, Journal of Power Sources 86 (2000) 134-139
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Power density vs Radius
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Research activities

2. New Geometric Design
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Micro-monolithic Design

http://www.induceramic.com/

Conventional 
Monolith

Novel spinneret

Phase inversion

Replaceable 
nozzle

Micro-monolith
❖ Honeycomb structure: 

➢ an array of hollow channels;

➢ good compression/shear stability;

➢ difficult thickness reduction/structural tailoring
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Bore fluid

Micro-
channel 

formation

Phase 
inversion

Ceramic 
powder

2
.5
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Spinning 
Suspension

Research activities

2. New Geometric Design

Micro-monolithic Membrane
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Multi-function Solid Oxide Cell
Cathode:

Anode:

Overall:

Power density ↑ up to 

30% compared to air

Abatement cost ↓

Research activities
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Research activities

3. Advanced 3D Characterization
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Medical CT

Micro-CT (microtomography)

X-ray
Scanning

Signal 
Conversion

Re-
constructi

on

https://www.shimadzu.com/an/ndi/ct/

Research activities

3. Advanced 3D Characterization
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1. For decades, there has been significant progress in the field of ceramic
hollow fibers, some bottlenecks are yet to be tackled before future
commercialization.

2. Phase inversion-assisted co-extrusion technique has been demonstrated to
be promising by simplifying manufacturing process.

3. The novel micro-monolithic design has been proved to be more
advantageous by displaying both superior performance and excellent
mechanical robustness.

4. 3D X-ray CT has been demonstrated to be very helpful in terms of advanced
characterization and modelling.

Conclusion
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Thanks
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