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ADSZORPCIÓS GÁZTÁROLÁS

CONCEPT:
https://www.youtube.com/watch?v=qhlJgOFnvY0

Irodalom: 
https://link.springer.com/content/pdf/10.1007%2F
978‐981‐13‐3504‐4.pdf
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Composition
• 95% CH4
• 2,5% C2H6

• 0,3% C3-C10

• 1,6% N2

• 0,7% CO2

• ~ppm H2S, H2O

Properties
• ρNG < ρair

• Highly flammable
• Clean combustion
• Colourless, odourless
• Non-corrosive
• Explosive under pressure

Exploitation in the world

Natural gas (NG)

1 800 000 000 m3/day (2013)
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„Much Ado About Nothing”?
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Liquefying
(LNG)

Compression
(CNG)

• Volumetric energy
density: ~72% 
(gasoline)

• -160- (-196) °C K, 1 bar
• Requires special

handling

• Volumetric energy
density: ~26% 
(gasoline) 8.8 MJ/L

• High pressure:
20 MPa (tank!!!)

• Special compressors

Adsorption
(ANG)

• Volumetric energy
density: ~19%

• High surface area, 
microporous adsorbents

• ‚Low’ pressure, ambient
temperature

Gas storage technologies
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Natural gas as energy source

Advantages Challenges
• PRICE!
• High octane number (RON ~130)
• Low pollutant emission
• Gravimetric energy density

compared to gasoline:
NG: 50,0 MJ/kg
vs. 
Gasoline: 44,5 MJ/kg

• CO2 emission
• Low volumetric

energy density
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Cél: a CNG 70-80 %-ának elérése
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Kumar2017
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US Department of Energy (DOE): 
500 mg/g MOF methane@35 bar 

(2013)

Hogyan számolnánk ki?
Adszorbeált mennyiség/adszorbeált többlet

• CO2: 99 %
• Nox 30 %
• szénhidrogén 96 %

-kal kevesebb, mint a benzin
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ANG: legfontosabb tényezők
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Alhasan 2016

ADSZORBENS
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Látszólagos sűrűség

Mikropórustérfogat

Alhasan 2016
Kumar 2017

35 bar, RT
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Fajlagos felület

Alhasan 2016
Kumar 2017

Nagy térfogatra
fajlagosított felület a cél

13Alhasan 2016
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TERMIKUS VISELKEDÉS

Kinetika (adsz gyors/desz lassú)

Adsz/desz hő!!!!

Stabilitás (szerkezeti, kémiai,…)
Irreverzibilitás (kontamináció, ciklikus használat)
Költségek

KINYERHETŐ GÁZ MENNYISÉGE

Adszorbeált mennyiség/adszorbeált többlet

TOVÁBBI SZEMPONTOK
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• High adsorption capacity
• Reversible ad/desorption
• Narrow pore size distribution
• Optimal pore size: 

• For maximum capacity: 7.6 Å
• For maximum delivery: 11.4 Å

Commercial adsorbents

I. Carbonaceous II. Zeolites

ADVANTAGE:
Cheap
Fundamental capacity:
220 V(STP)/V

DRAWBACK:
Broad pore size 
distribution
Difficult to control

ADVANTAGE:
Easy to control the 
structure

DRAWBACK:
Low microporosity
Hydrophilic pores

• Low heat of adsorption!!!
• Hydrophobic pore
• „Cheap”

Ideal adsorption storage system

FaujasiteActivated
carbon
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Kumar2017
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Metal-Organic Frameworks
A new class of highly porous materials

YAGHI: 
https://www.youtube.com/watch?v=wPXfWLOj_ZU
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BDC: 1,4‐benzodikarboxilát

1,4‐benzodicarboxylate és Zn
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Az elsők: izoretikuláris szerkezetű MOFok (IRMOF)

nagy látszólagos fajlagos felület
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Synthesis methods

1. Thermal methods (high temperature, autoclaves)
a) Solvothermal: dilute precursor sol of ligand+metal

(DEF, DMF, alcohol)
b) Ionothermal: ionic liquids as solvent and template
c) Urothermal: carbamide derivative as solvent
→ IN SITU ligand

2. Electrochemical methods: the desired metal (eg. Cu) used as anode and catode,
the ligand is dissolved in electrolyte, constant voltage (12 – 19 V)

3. Diffusion techniques: the most simple way,
but not suitable for single crystal growing

4. Reflux: high temperature (~100 °C)
continuous stirring, reflux of the solvent
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Characterization

• Morphology (’texture’)

• Structure

• Functionality (e.g. adsorption sites)

• Adsorption properties

What do we want to characterize?

• Microscopy (optical, SEM, TEM)

• Diffraction (X-ray, neutron)

• Thermal analysis (DTA, DSC)

• Spectroscopy (Raman, FTIR)

• Adsorption techniques
• N2, H2O (characterization)
• CH4, H2 (application)

How do we want to characterize?
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Reszponzív MOF-ok

Chem. Soc. Rev., 2014, 43, 6062

31

Alhasan 2016

Megoldandó…


