
CO2 capture by Vacuum Pressure Swing Adsorption 
(VPSA) using a small pore Metal Organic 

Framework (MOF)
N. Meunier, P. Normand, N. Heymans, G. De Weireld,

Thermodynamics department, Faculty of Engineering, UMONS, Mons, Belgium

C. Sicard, 

Institut Lavoisier, UMR CNRS 8180, Université de Versailles St-Quentin en Yvelines, Université 

Paris Saclay,Versailles, France

F. Nouar, C. Serre, 

Institut des Matériaux Poreux de Paris, FRE 2000 CNRS Ecole Normale Supérieure, Ecole 

Supérieure de Physique et de Chimie Industrielles de Paris, France

24-26.01.2018, Jeju, Korea



Université de Mons

Motivation - PostcombustionCO2 capture

Reference case (High TRL) : Absorption in amine solvent 

ÅHigh energy cost  

3.5 GJ/TCO2 (MEA)

~ 2.0 ï2.5 GJ/TCO2 (mixed

solvents, demixingsolvents , é

Å Evaporation (need of additional 

solvent)

Å Corrosion 

Å Toxicity 
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Motivation - PostcombustionCO2 capture

Adsorption Principe 
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Motivation ςPost-combustion CO2 capture

PSA / VPSA  Principle 

IVI II III

Adsorption Desorption Purge Repressurisation
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ÅEnergy efficiency ïCost: Adsorption gas separation is one promising technique   

ÅKey challenge: The selection of an optimal adsorbent with requisite 

V Adsorption capacity 

Selection of adsorbent 

Working capacity: 7ὅὭ ήὭ
ὴὶέὨήὭ

ὴόὶ
Ὥ

Pressure (bar) Molar fraction 

Production Purge CO2ςN2

PSA 4 1
0.15ς0.85

VPSA 1.1 0.1

Courtesyof Paul A. Webley, Monash University 
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V Selectivity

Differenceof enthalpies :  ЎὌ ȟ ЎὌ ȟ

Å Other challenges

V Chemical stability (water, NOx, SO2)

V Syntheses Environmentally friendly

V Scale up and shaping 

V Prize

VΧΦ

Selection of adsorbent
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Hybride solids: 

Cations

Ligands

Ą Multifunctional Solids

or é

or

Metal Organic Frameworks  
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Å Key properties for CO2/N2 separation 

V kinetic diameters: CO2 (3.3Å)                     < N2 (3.64Å)

VQuadruple moment and Polarizability CO2 >> N2

ÅAmong porous solids, small MOFS (openings about 3-4 Å) are promising candidates

Ą Many possible grafting on the organic linkers with polar function   

V High degree of confinement for guest molecules (steric separation)

V Strength of the host/guest interactions (thermodynamic separation)

Adsorbents
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Adsorbent

MIL-69(Al)

Al(OH) [O2CςC10H6ςCO2]. H2O

Zeolite13X

NaX

AlO4(OH)2

+

1-D pore channel~ 3 Å Benchmark
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Shapingof MIL-69 (Al)

Å Powder of MIL-69 (65 %)

Å Binding agent : bentonite    (20 %)

Å Pore- forming agent : urea (10 %)

Å Plasticizer : diéthylene glycol (DEG)    (5%)

Å Solvant : water 
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Thermodynamicstudy : gravimetricapparatus
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Thermodynamicstudy : Isothermmeasurements

Å Isostericheatsof adsorption: calculatedusing the Clausius-Clapeyronequation on
our experimentalisothermcurves

1

ὙὝ

ÌÎὖ

Ὕ

Å Tothςextended: fit of the experimentalpurecomponentisotherms

ή ή ȟȢ
ὦȟÅØÐ

ɝὌȟ
ὙὝ ὴ

ρ ὦȟὴ

Å IASTheory: multi-componentsmixturesprediction: working
capacity& selectivity

ὴώ‰ Ὢ “ ὼ ὧέὲίὸὥὲὸὝ (Myers and Prausnitz, 1965)

=1 É
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Thermodynamicstudy : Isothermmeasurements
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Thermodynamicstudy : Isothermmeasurements

Adsorbent 
properties

Zeolite 
13X

MIL-69

Bulk density 
(kg/m³)

503 337

BET surface area
(m²/g)

740 -

Heat of 
adsorption 
(kJ/mol)

CO2 33.3 37.0

N2 24.0 18.0

Adsorbent
Temperature

(°C)
yCO2

Working
capacityCO2

(mol/kg)

Working
capacityN2

(mol/kg)

Zeolite13X

30

0.15 2.140 0.045
0.25 2.305 0.022

0.5 2.342 0.005

MIL-69
0.15 0.198 0.0006
0.25 0.268 0.0003

0.5 0.390 0.0001

Workingcapacitiesbetween
0.1 ς1.1 bar 

Physical propertiesof adsorbents

Workingcapacity(1.1ς0.1 bar and303K)
Å Zeolite13X: ςȢρτ ςȢστάέὰ ȾὯὫ πȢππυπȢπτυάέὰȾὯὫ

Å MIL-69(Al): πȢςυπȢυράέὰ ȾὯὫ πȢπππρπȢπππφάέὰȾὯὫ

ü MIL-69(Al) hasa smallerCO2 working capacitycomparedto zeolite13X
ü MIL-69(Al) hasa smallerN2 working capacitycomparedto zeolite13X
ü MIL-69(Al) hasa higherselectivity(1100ς2300) comparedto zeolite13X(300ς400)
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Kineticstudy
Breakthroughmeasurements

Vaccum pump 

Heating
Bath

Value Units

Lcol 50 cm

dcol 2.15 cm

vfeed 1 cm/s

Tcooling 30 °C

Qcooling 0.15 kg/s
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