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Haber-Bosch (H-B) process (1913) 

6H2O + 3CH4 + 4N2 → 3CO2+ 8 NH3

Consumes  55% of H2 produced

85% Fertilizers
 NH3 ,  Nitrate

1.8% of all CO2 produced

Consumes 1.8% of all energy produced 

NH3 at global scale

Separation and Purification Technology 328 (2024) 125094

Typical ammonium concentration in various waste-water (ppm)
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Green ammonia synthesis 

N2 + 3H2 ΔH   - 46 kJ/mol2 NH3

N N

Inert

NH3 yield vs f (P, T)

High temperature to overcome activation energy

Low temperature favour the NH3 synthesis
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https://doi.org/10.1038/s41578-020-00270-z

Energy Fuels 2022, 36, 14516−14533
https://doi.org/10.1021/acs.energyfuels.2c02511

NH3 separation technologies

N N-
-
-

- +
+
+

+

N N

H-H
H H

Metal coordination

Kinetic diameter

5



NH3 separation technologies

Membrane separation

NH3 (-34 °C)
N2 (-196 °C)
H2 (-253 °C)

Boiling point
NH3

Physical condensation

Liquid absorption

Compounds with OH groups https://www.shimadzu-
webapp.eu/magazine/issue-
2019-1_en/hard-x-ray-for-soft-
water/

Zeolite

ZIF

MOF
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Objective 
✓ High selectivity
✓ High permeation
✓ Stable at operation conditions

Journal of Colloid and Interface Science 314(2):589-603
Permeate

Feed Retentate

Flux α ΔPn
Phigh

Plow

Permeation 

Membranes for gas separation

Porous Dense

CMSM : Carbonization of polymer

Microporous
< 2nm
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Porous Ceramic supports

Selective layer
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Permeation depends on
thickness of membrane
 



gas water water water
water Vaccum

NH3 + H+ [NH4]+

Membrane contactor 
membrane separates two fluid phases
The membrane acts as a mere barrier between the two fluids

Membrane distillation 
Gas pass through the membrane

Driving force vapor pressure

Hydrophobic porous membrane
pores >100 nm
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MOF
Zeolitic Imidazolate Frameworks (ZIF)

+ Zn+2

NH3/N2 710 
NH3 3.4 x 10-7 mol m-2 s-1 Pa 
Temp 27°C 

3D Aluminosilicate
Well defined pore size and shape

Zeolites

NH3/N2 6-35, NH3/H2 1-12
NH3 3.6 x 10-8 mol m-2 s-1 Pa 

Temp 27°C 
https://doi.org/10.1016/j.memsci.2021.119078

DOI: 10.1039/d0cc07217f
Membranes 2021, 11, 348
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Ammonia permeation of fluorinated 
sulfonic acid/ceramic membrane

Journal of Membrane Science 658 (2022) 120718

Toshinori Tsuru

Aquivion-H+

Aquivion-Li+

Nafion

Nafion Aquivion
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P84 co-polyimide

Polyfurfuryl alcohol Polyetherimide

Polyphenylene oxide 

Polyacrylonitrile

Cellulose

CH2=O
+

Phenol Formaldehyde

Novolac :  acidic media and Formaldehyde /Phenol ≈  0.75-0.85
Stable, can be stored.  Need polymerization before use 

Resol : basic media and Formaldehyde /Phenol > 1
the polymerization occurs with the time 

Phenolic resins

Polymeric precursors for CMSM



TEM Carbon Membrane

Chengwen S., Tonghua W., Huawei J., Xiuyue W., Yiming C., Jieshan Q., 

J.Membr. Sci., 361, 22-27, 2010. 

Carbon 161 (2020) 359-372

Carbonization
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Packing imperfection



10 x 50 nm

Boehmite

SEM TEM

Boehmite
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Effect of the temperature of carbonization 

FTIR
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