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If Google or Baidu “Ceramic Membrane” Aston University

« Ceramic membranes — water & wastewater treatment

- Multi-step fabrication with each step involves different technologies

- Repeated high temperature treatments
- Time consuming and energy intensive, thus costly
- Mass production for large-scale projects



Micro-structured ceramic membrane Asﬂqumversity

Membrane layer
: Intermediate layer

— Radial micro-voids / channels

In contrast to Ceramic Membranes with laminated micro-structures
« Made of relatively smaller particles

« Controllable formation of oriented micro-voids or micro-channels

» “Single-step” preparation

* Prepared via a phase-inversion assisted process



Their linkages to catalytic reactions Asﬂqumversity

Catalysis is the most interdisciplinary and overarching technology in the chemical industry, because
to perform a catalytic process requires controlling all the aspects over a multi-dimensional scale,
from the molecular aspects of the reaction at the active site (nm scale) to the several meter scale of
an industrial catalytic reactor. (www.catalysiscluster.eu)

An alternative way
promoting transport
phenomena at micro-scales

Diameter ~ 10 - 70 ym

Pore size ~ 0.2 um

> ~1m < ~1cm < ~ 1lum <> ~1nm

Reactor Catalyst Pellet Porous Support Active Particles

Chemical Engineering Science
Volume 192, 31 December 2018, Pages 882-891

Producing carbon nanotubes from thermochemical
conversion of waste plastics using Ni/ceramic based
catalyst



Partial oxidation of CH, %umversity
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* Time and cost saving

Journal of Membrane Science, Volumes 415-416, 1 October 2012, Pages 229-236
International Journal of Hydrogen Energy, Volume 36, Issue 9, May 2011, Pages 5334-5341
Journal of Membrane Science, Volume 352, Issues 1-2, 15 April 2010, Pages 63-70



Partial oxidation of CH,
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Partial oxidation of CH,
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Higher temperature — higher O, permeation/CH, conversion, & lower

Material design: oxygen separation layer & catalytic support layer
Material processing: match of sintering behaviours & thermal expansion



H, via reforming reactions

Aston University

Pd membrane 4{

Outer skin layer £

——— gy

Good flexibility of incorporating different
catalysts for various reactions

« Separating hydrogen increases conversion

« & may increase coke formation at the same
time

(@Substrates + Catalyst

Journal of the European Ceramic Society, Volume 37, Issue 16, December 2017, Pages 5281-5287
Chemical Engineering Science, Volume 137, 1 December 2015, Pages 364-372

Applied Catalysis A: General, Volume 506, 5 October 2015, Pages 188-196

Ind. Eng. Chem. Res., 2015, 54 (21), pp 5563-5571

International Journal of Hydrogen Energy, Volume 40, Issue 8, 2 March 2015, Pages 3249-3258



H, via reforming reactions
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For example C;Hg —» C3Hg + H,
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« Very quick deactivation due to coke formation
« Catalyst can be regenerated by removing coke

« Space-time yield (propene) of membrane reactor is much higher
than fixed bed reactor



Methane steam reforming Ast'mumversity
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PBR — Packed Bed Reactor MR — Micro-reactor MMR — Membrane Micro-reactor



Methane steam reforming %University
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CHF: hollow fibre + Ni-based catalyst
CHFMR: hollow fibre + Ni-based catalyst + Pd membrane

* CHFis close to equilibrium conversion of methane

» CO2 selectivity decreases with increasing temperatures

« CHFMR performs worse in terms of methane conversion. One reason is due to
the removal of hydrogen that increases catalyst deactivation



Methane steam reforming Asﬁumversity
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CHF: hollow fibre + Ni-based catalyst
CHFMR: hollow fibre + Ni-based catalyst + Pd membrane



A quick summarization T

« Outer oxygen separation layer
102 (dense)
ep\®
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Interface

Inner catalytic substrate layer
(porous)

« The idea of combining micro-reactor phenomena and membrane separation
IS great

» It works well for some cases, while is challenged by others

« Various challenges to be addressed in order for achieving expected
performance (catalyst-membrane-reactor)



What if no membrane separation? ,@,University
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Ceramic monolith or honeycomb in Catalytic Converter



What if no membrane separation?

Green Car Congress

Energy, technologies, issues and policies for sustainable mobility

Catalyst Structure
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Cell cross-sectional area: Smaller
cell density) 20% less
Cross-section volume

Flowrate

Cell cross-sectional area: Larger
(Lower cell density)




Hollow fibre monolith
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« Smaller volume

« Save over 50% of precious
metal catalyst

« Perform better at high space
velocity

« More durable during aging
test
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