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Carbon molecular sieves membranes (CMSM) 
for gas separation and membrane reactors.
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Solutions to mitigate global warming

❑Reduce the emission of greenhouse gases

❑Use of clean fuels   
H2 +  0.5 O2 ↔ H2O

❑CO2 capture and utilization

credit : gloly67

3 H2 +  N2 ↔ 2 NH3
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Objective 
✓ High selectivity
✓ High permeation
✓ Stable at operation conditions

Journal of Colloid and Interface Science 314(2):589-603
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Novolac phenolic HCHO
(formaldehyde)

Acid:   oxalic acid

Basic :  KOH 

amines
oligomer

Pre- Polymerization 80 -90 C

Increase viscosity Dip coating Polymerization on
support

Avoid infiltration in
support

Carbon membranes

-Carbonization thermosetting polymers

Supported -Alumina-CMSM

T/ °C  t/h

Dry

calcination

450-1000 °C

Dipcoating
Hollow fibre and Self standing are brittle
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TEM Carbon Membrane

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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SEM TEM

Boehmite

Molecular sieving

Gas permeation in CMSM

Adsorption diffusion 

Microporous Knudsen (MK) no water in pores

Water in the pores 

Knudsen permeation 

𝑓𝑙𝑢𝑥 =  1/ 𝑀𝑊

At high temperatures, no water in pores 

flux     H2 > NH3

MW   2      17
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Effect of the temperature of carbonization 

T1 values of n-hexane and water confined as function of
carbonization temperature

Proton -NMRFTIR

Chemical Engineering Journal 424 (2021) 129313
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Valorización de CO2 e-Fuels 

CH4 +  2H2O  CO2  +   4 H2 

CH3(CH2)n-2CH3          +  nH2O  n CH3OH  +   H2 Gasoline

CH2=CH(CH2)n-2CH3  +  nH2O  n CH3OH  +   H2 Light olefines

CH3 –O- CO- O CH3 +  3H2O  2CO2  +   6 H2 

Dimethyl carbonate DMC

CH3-O- CH3 +  3H2O  2CO2  +   6 H2 Dimethyl ether

CH3 OH +  H2O  CO2  +   3 H2 

Al-CMSM

credit : gloly67
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CO2 +  3 H2  CH3 OH +   H2O MeOH synthesis

2 CH3 OH CH3OCH3 +    H2O MeOH dehydration

2 CO2 +  6 H2 CH3OCH3  +  3 H2O Direct DME synthesis

Carbon molecular sieve Water gas membrane

O

CMSM Catalyst

CH3OCH3 +   3 H2O

H2O H2O

2 CO2 +  6 H2 

Synthesis of dimethyl ether using membrane reactors
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Gas permeation of Al-CMSM containing 0.8 % of boehmite
Boehmite

Effect of carbonization  temperature 
(permeation 200 °C)

S. Poto et.al. J. Membr. Sci. 677(2023)21613 

Carbon.
500 °C

S. Poto et.al. Int. J. hydrogen energy
47(2022)11385 

Effect of permeation  temperature
Al-CMSM carbonization 500 °C

CH3-O- CH3 +  3H2O  2CO2  +   6 H2 Dimethyl ether

X10-8 X10-7

Carbonization temperature

X10-7 X10-7

Carbonization temperature
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Mesoporous
Ceramics (nm)

Zeolites

Carbon

Microporous
Ceramics (Å)

Palladium
Palladium alloys
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(CONFIDENTIAL - Disclosure or reproduction without prior permission of Tecnalia is prohibited).

H2 flow from  H2/CH4 mixtures
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Gas grids for storage and distribution of CH4

Pd 1 and Pd3

Pd 2 DS

Int. J. hydrogen energy 46(2021)23417

Int. J. hydrogen energy 45(2020)28876

10% H2 /90 % CH4

CMSM
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The density of hydrogen in hydrogen carriers

Energies 2021, 14(13), 3732

NH3 was used in internal combustion 
engines since 1800

NH3
Liquid at 10 bar or -33 °C
Ammonia has a supply chain and storage 
well established

H2
Liquid H2 is at least 10 times more
expensive to produce and store than
NH3 because it requires high
pressure and low temperature

H2 vs   NH3
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NH3 as transport and storage of H2

2 NH3 → 3H2+ N2

Descomposition of ammonia
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Haber-Bosch (H-B) process (1913) 

6H2O + 3CH4 + 4N2 → 3CO2+ 8 NH3

NH3 Synthesis

N2

O2

Air

Catalytic Membrane Reactor (CMR)

N2 +    3H2 →     2NH3 ΔH - 46 kJ/mol

Green H2
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Al-CMSM carbonized 500 °C 

Permeation temp
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