Carbon molecular sieves membranes (CMSM)
for gas separation and membrane reactors.
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Membranes
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: , _ Di :
Hollow fibre and Self standing are brittle 'pcoating

Carbon membranes Supported -Alumina-CMSM

Dry
— eﬂ Dipping solution
T/ °C t/h Boehmite nanoparticles 0,8 %
i Novolac resin 13,0 %

J’ Formaldehyde 2,0%

Ethylenediamine 0,6 %

L. Solvent NMP
calcination

450-1000 °C

Novolac phenolic HCHO OH
OH OH (formaldehyde)

J T '

Acid: oxalic acid

O Basic : KOH
OH

Pre- Polymerization 80 -90 C
OH

Dip coating  p|ymerization on
—)
support

Avoid infiltration in

. support
amines
tecnal:a TU/e B Page 4




TEM Carbon Membrane
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Chengwen S., Tonghua W., Huawei J., Xiuyue W., Yiming C., Jieshan Q., “Gas separation performance of C/CMS
membranes derived from poly(furfuryl alcohol) (PFA) with different chemical structure”, J.Membr. Sci., 361, 22-27, 2010.
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water water

) At high temperatures, no water in pores
Knudsen permeation

flux = 1 /MW
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Effect of the temperature of carbonization
FTIR Proton -NMR
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Al-CMSM

Valorizacion de CO., e-Fuels

CO, + 4H,«> CH,+ 2H,0 MEASURED
I
CO, + 3H,«> CH,OH + H,0 leC.OQ
B CO;
nCH;OH + H, <—> CH;(CH,) ,CH; + nH,0  Gasoline
nCH,OH + H, <—> CH,=CH(CH,) ,CH, + nH,0 Lightolefines
®) .
2CO, + 6 H, «*> CH;-O-CH; + 3H,0 H,c” “cH, Dimethylether 6
C2FUEL

0O
2€0, + 6H, > CH,—0-CO- O CH,+ 3H,0 HC. dn o
Dimethyl carbonate DMC

tecnal:a

TU /e UNIVERSITY OF Page 9
TECHNOLOGY



Synthesis of dimethyl ether using membrane reactors

PR

Sustainable Process Industry through
Resource and Energy Efficiency
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Boehmite
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H, selective membranes
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Liquid H2 is at least 10 times more

expensive to produce and store than
NH; because it requires high

H, vs NH,

The density of hydrogen in hydrogen carriers
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Ammonia has a supply chain and storage
well established

NH; was used in internal combustion
engines since 1800
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NH; as transport and storage of H,
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NH; Synthesis

Haber-Bosch (H-B) process (1913)
6H,0 + 3CH, + 4N, — 3CO,+ 8 NH,
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