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Approach

Four way competences:
e Materials research
e System development
e Process design
e Implementation facilitation

Five different lines of applications
e Pervaporation
* NH; separation
e Oxygen production
e Hydrocarbons separations
e Hydrogen purification
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Why dehydration with membranes?

By 2015 potential energy savings:
e NL: 7 PJ/yr (2% of industrial energy consumption)
e World: 240 PJ/yr

Production of e.g.
e Esters and resins
e Methyl ethyl ketone (MEK)
e Ethanol
e Ureum
e Acrylic acid
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Industrial performance demands

Standard ECN tests: 5 wt.% water in butanol

Fluxes 5 kg/m?h
Selectivity > 220
Longevity 2 - 3 years
Conditions:

Various pH

Temperatures up to 150°C
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Tubular microporous membranes
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Pores < 1nm _
_hrOz/TlOz
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Materials covered

Previous developments:
e SiO,
e Methylated SiO,

New leads:
o TiO,
o ZrO,
e Hybrid silica, organic bridges

(Ceramic supported polymers)
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Si0O, — Me-SiO, pervaporation results (95°C)
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Si0O, — Me-SiO, pervaporation up to 165°C
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Membrane surface after testing (Me-SiO,)

Severely damaged
Dense white particles
Many pinholes

lllustrative example
(Me-SiO,, 135°C, 7 days)
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Pore size distribution new membranes

Permporometry with H,O
Suitable for thin toplayers
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Pervaporation with zirconia membrane
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95°C, n-butanol/H,O (95/5%)
Flux decline, but stable after 20 days
Operating for at least 120 days
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Hybrid membranes from bisfunctional silica precursors

replacing Si—O—Si bonds by Si—C—C—Si bonds

(OC,Hg),— Si — CH, — CH, — Si — (OC,He),

(bis(triethoxysilyl)ethane, BTESE)

(HO),Si
Ho_\ OH OH
(HO),Si~ > 70 %0 S g Qg SIOH)
HO 0
Si
Si(OH)s

Patented in collaboration with Univ. of Twente and Univ. of Amsterdam (Ashima Sah,
Andre ten Elshof, Hessel Castricum, Marjo Mittelmeijer
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New membrane materials: Hybrid membranes
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Water, HNO,, EtOH Reflux at 60°C, 3 hrs
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Coating and calcination

Mix in EtOH
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Performance hybrid membranes (1) (1502C)
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Hydrothermal stability at 150°C
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Performance hybrid membranes (2) (1902C)
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Performance hybrid membranes (3)

Water flux and conc. in perm —&o— Water flux
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Solvents
Feed = 5 wt.% water in solvent
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Origins of stability

e More stable bonds
e Higher crack propagation
energy

| \e Lower surface diffusion
A coefficient
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Hybrid membrane in the press
BAANBREKENDE NIEUWE NANOZEEF

voor zuinige industriéle
scheidingsprocessen

Omlt‘r;oekers van het

M + Instituut voor
Nanotechnologie van de
Universiteit Twente en het
van “t Hoff Instituut van de
Universiteit van Amster-

dam hebben een nieuw type
membraan ontwikkeld dat
grote potentie heeft voor
toepassing in industriéle
scheidingsprocessen. Tests

bij het Energieonderzoekcen-
trum Nederland (ECN) tonen
aan dat het membraan meer
dan een jaar lang bestand is
tegen blootstelling aan hoge
temperaturen.

Control &
Automation
Magazine

Artistieke weergave van de nanoZeef goals gepubliceerd door

‘ 7:,1b1zma‘\=r'ekkx.nd stabiel’  Jiet wetenschappelijke tijdschrift Chemical Communications.
SR P S

ik s Al

Geen boTueneck MEeer vour
keramische membranen

S ER DAL MUnDE Ve rris
wand ey bahirasden
rrratnloipren pancoad mal
i it ki o
lmctevirnil bervge U an by
h-\.x.-_l:ﬂ:-:rnuu.i-.

WATERBESTENDIG MEMBRAAN

Geslaagd huwelijk tussen organisch en anorganisch.

ederandse  onderzoe- bijvoorbeeld methylgroepen aan toe

Kers hebben een nanop- te voegen, Onderzoekers van het

oreus membraan ont- Twentse MESA* Instituut, ECN in
wikkeld waarmee je water kunt i
venvijderen uit een hete oplos-
middelstroom, zonder dat het
membrazn zelf word: zangetast
Ze denken er onder meer bio
brandstoffen mee te kunnen ot
vateren, ets waar nu rog een
energiewretende destlate voor
nodig is. Op de onlangs in
Chemical Communications be-
schreven vinding s wereldwiid
octrooi angevraaed.

verder uitgewerkt. Ze_probeerden

een materizal op siciumbasis to
B maken met zo weinig mogelik si-
loxanbindingen (510-5) enzoveel
mogeit sigbindingen (51, i

CZW

durig in contact komt met water van 6o °C.

NRC

Chem Engineering
MIT Tech Review

Chem Processing

Over 1700 hits on
Chem Commun in
February 2008 alone!

Nanosieves that survive extreme conditions ct

Energy savingsieves

Dutch scientists have made
molecularsieves thatare stable at
high temperatures for over ayear.
The stability of these nanosieves
means that they could replace

Chem Tech

industrial separation. However, until
now the silica-based membranes
could not beused inindustrial
applicationsbecause they would not
operate both at high temperatures
andin the presence of water, This
is because the $i-0-Sibonds inthe
silicaare open to attack by water.
Hessel Castricum from the
University of Twente and
co-workers have replaced some of
the 8i-0-Sibonds with organic

could be dried usingthistechnology.
According to Castricum, the vast
energy needs of current distillation
plants are provingtobe a major
stumbling block inimplementing
bicfuel technologies.

Henk Verweij, an expertin
ceramic engineering from Ohio State
University, Columbus, US, said that
the membranes ‘couldbe used for
dehydration of industrial aleohol-
water ]llixturuhutll.‘]npurutun.'\‘u[.\
tol150°C".

Castricum said that his nanosieves
have removed the ‘serious
limitations for industry tobecome
involved in membrane technology
and it should be seenas ahighly
separations involve techniques such  Organic linkers between  energy-efficient alternative for
asdistillation thatrequire large silicon atoms prevent
amounts of energy and can have waterattacking the
cies as low as 10%. Instead of ~ sieves
ials  distilling toobtain a pure product,

a nanosieve could be used to filter

small molecules, such as wateror :"L[g:;?cun il extreme conditions, such asstrong
hydrogen, leaving behind the larger Commun., 2008, 103 (mj\- bases and very high temperatures,’
ones. Biofuels, such as bioalcohols, 10.1039,/b7180828) he said. Ruth Doherty

'\(\ 06\“

o .
C‘S,

existing processes.’

“The next challengesare to
confirm our findingsin an industrial-
scale pilot testand to develop
materials that withstand even more

linkerssuch as - 8i-CH,-CH,-Si- effici
that do not hydrolyse. The mat
produced act as effective sieves
even after 18 months atvery high
operatingtemperatures,
Atthemoment, industrial
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Next steps

« FOCUS: IMPLEMENTATION

-State of the art membrane
o Determine application window pH, H,O content, solvents

e Create consortium for commercialisation: end user(s),
membrane producer(s), system integrator(s), supplier(s)
enabling parts.

e Definition launching application(s).

 Further development:
» Reduce pore size: H,O-EtOH, and hydrogen separation
e Increase pore size: nanofiltration
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Next step: 1m? field_ test
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Thank you for your
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For more information
please contact me:
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