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What is a membrane

A ceramic membrane is a thin semi-permeable film made of inorganic
oxidic materials

It can be porous so that selective transport takes place though the pores
and through various mechanisms

It can be non porous so that selective transport takes place through
crystalline lattice diffusion

It can be self-supported when is thick and strong enough, or supported on
substrates when is thin and mechanically weak
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What is a membrane

mesoporous “bridge”

layers



What is a membrane

Ceramic membranes at CERTH are prepared:

Synthesis of stabilized nanoparticle

S dispersions by metal-alkoxide hydrolysis
_ Membrane layer formation by dip-coating on
Step 2:
porous substrates
Step 3: Eventual further pore surface modification or

size reduction by wet impregnation or vapor

deposition techniques
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Scientific principle I:  Knudsen law [¥Ei\DM
dx 3RT L

In simple words: At nanopore level small molecules move faster than large ones
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This principle can form the basis for the development of separation
techniques where mixtures of light (e.g. hydrogen) and heavy (e.g.
hydrocarbons) components can be enriched in the light components
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Scientific principle Il Kelvin law

Vapor pressure of liquid concave in a pore is lower than that of the
same liquid on a flat surface, it therefore condenses much earlier
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This principle can form the basis for the development of separation
techniques on mixtures containing a condensable and non-
condensable and non-soluble component



difficult to separate

Propane C;Hq
Propylene C;H,

Similar molecules very
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Scientific principle Ill : Activated microporous diffusion

The pore is reduced down to the molecular dimensions and separation occurs by
sieving

Vapor deposition techniques
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Porous membranes, Water treatment

Pure Water 6
Monovalent ions
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Porous membranes, Water treatment

Removal of toxic metals (As, Cr) from water

As: 1ppm

Fe,O, nanoparticles




One of the most promising and long-term sustainable routes
for the production of energy Is:

H,0 » H, + 050,

The process currently under intensive research is the so-

called RedOx process
@) hydrogen production
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Our research-proposal is based on a dense oxygen conducting membrane reactor
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Hydrogen in compartment 1, T=900°C, P,=P,=1bar
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Methane (CH,)
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Oxygen available in the solid for reaction

Material: La,,Srqy;Cu,osF€5 9503

T=980°C
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Porous ceramic membranes (specially modified to the nanoporous region) can
give high separation factors and give rise to the development of efficient process,
in particular for the separation of hydrogen

Porous ceramic membranes can provide technological solutions to many water
treatment case-problems. The technology is quite mature to leave the laboratories

Dense oxygen conducting membranes can give rise to the development of green
high temperature processes towards either hydrogen production from renewable
sources or CO,-capture oriented combustion of natural gas
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