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Kinetic model of an adsorber within a conductive adsorbent

Fraunhofer UMSICHT – Christian Geitner

SIMULATION OF A MULTICOMPONENT
TRACE GAS ELECTRIC SWING ADSORPTION

Temperature [°C] – Desorption 1500 s
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Introduction

 Applications:

gas cleaning, catalysis

 Temperature and
pressure swing adsorption

 Multiscale model for the
investigation, 
dimensioning and
operation of an adsorber
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Model Architecture

 Macroscopic model of the
apparatus, 2D 
axissymmetric

 Microscopic model of a 
particle, 1D axissymmetric

 Differential equation
systems are coupled with
the mass transfer
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Microscopic Model

 Mass conservation

 Mass transfer

 Source/sink couples micro
and macro scale

 Temperature of the
macro scale is used in the
micro scale
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Kinetic Adsorbate Formation
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Multicomponent Adsorption Equilibrium 
(IAST, RAST, GSTA)

 Ideal Adsorbed Solution Theory (IAST)

𝑃𝑇𝑦𝑖 = 𝑝𝑖
0𝑥𝑖γ𝑖 γ𝑖 = 1

 Real Adsorbed Solution Theory (RAST)

𝑃𝑇𝑦𝑖 = 𝑝𝑖
0𝑥𝑖γ𝑖 γ𝑖 = 𝑓(𝑝𝑖 , 𝑝𝑗 , … ) ≠ 1

 Generalized statistical thermodyn. Adsorption (GSTA)
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Implementation of Adsorption Data by
Look-up Tables

qt x1 x2 x3 …

1,1 0,5 0,5 0,0 …

1,2 0,5 0,4 0,1 …

1,5 0,4 0,3 0,3 …

2,2 0,3 0,2 0,5 …

𝑞max,i , 𝐾n,i
0 =

𝑓 𝑐i, 𝑐j, 𝑐k, 𝑇

mol/kg

kPa

mol/kg

kPa

Isotherm Data

Fits

Scenarios

MAGPIE [1]Look-up Tables

Fits

GSTA

Regr.

q3 ci cj T

293

293

303

303

q2 ci ck T

293

293

303

303

q1 cj ck T

5,0 0,0 0,0 293

4,8 0,1 0,0 293

4,7 0,1 0,1 303

4,2 0,2 0,0 303

3 Comp.

2 Comp.

1 Comp.
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Scenario Discussion [3]

Variation of the
mass transfer
coefficient

scenario α / α0

1 1,0

2 0,2

3 0,1

4 0,05

1
2 3 4
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Conclusion

 Multiscale models allow
for a more detailed look
at intra-particle
processes

 Sucessful verification
and validation

 Further possible
application: catalysis
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