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Adsorption & adsorption processes
• Adsorption: spontaneous phenomenon of attraction that a molecule 

from a fluid phase experiences when it is close to the surface of a 
solid, named adsorbent. 

• Spontaneous means thermodynamically driven
• Nice words to say that we have only few chances to control it: T, P, yCO2 and co-adsorption
• For a fixed application, P and stream composition are fixed. We can play a little with T. 

• The "process" is the engineer solution on how to desorb efficiently
• Indeed, adsorption processes are termed accordingly to their regeneration.
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Desorption processes

• PSA: Pressure Swing Adsorption. Regenerated by lowering the pressure.

• VPSA: same as PSA but using a vacuum pump.  

• TSA: Temperature Swing Adsorption. Regenerates by heating the adsorbent.

• ESA: Electric Swing Adsorption: same as TSA using electricity. 

• SMB: Simulated Moving Bed. Displaces one component with other. 

• Moving beds: sends the adsorbent to other process "compartments" where 
T and or P can be changed. 
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Before CO2 break through the adsorbent bed, the feed step is 
stopped and column is regenerated by lowering the pressure. 
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Example: the PSA operation



Rationale for modelling

• Get a good model for a "column" where the process will happen.
• Column is the closed environment where we can define a unitary process

• Change the boundary conditions for the different steps of your process  
• That depends strongly on each process selected

• Spend hours and hours until you learn how you should make it converge.
• That depends on many factors. 

• For moving beds: spend more hours because moving a solid becomes the 
most significant term.
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Rationale for modelling II

• When your 1-column model works you are half-way. You need to do the 
proper cycling and get the number of columns. 

• Then you need to specify the number of valves and auxiliaries
6
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The mathematical model for the column
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Gas phase:

Solid phase:
Micropore

Macropore

Energy balances

Gas phase:

Solid phase:
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For the model you need…

• Adsorption isotherms: at all P and T (try to avoid extrapolation)

• Some equation to predict real behavior: might not work in real life.

• Diffusion coefficients

• Heat capacity

• Dispersion, many properties of the adsorbent, etc

• The beauty of large-scale processes: they are adiabatic so we need less heat 
transfer parameters. 
• Bad part of large-scale processes: they are adiabatic so is a big job to take out heat (fast). 
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Software for modelling: alternatives

• I don't see the equations anymore: we've built a drag-and-drop code where 
units can be modelled together.
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Adsorption isotherm model
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Calendar of operation. Remember high-school?

Multi-feed 12-column scheme. Four pressure equalizations, provide purge, rinse with heavy gas, 
counter-current blowdown, purge and one counter-current final pressurization with light

product. 



Adsorption isotherm model
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Pressure swing in each column

Column connections for 
multi-column PSA 

modelling.

Each simulation took 2 days…



Adsorption isotherm model
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Example I: PSA for CO2 removal from natural gas



Adsorption isotherm model
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Example II: ESA for CO2 removal NGCC

• We did this work within MATESA project. Main difficulty is modelling 
hybrid sources of energy: heat produced by electricity and hot gas.

NGCC Power 
Plant

H2O

H2O Removal 
Unit

CO2 Removal 
Unit (ESA)

N2

N2 + H2O

Exhaust from HRSG

100°C
1.1 bar

21°C
1.1 bar

30°C
1.1 bar

CO2



Adsorption isotherm model
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Example III: Pre-combustion

• We have a new material here that we believe that can make a difference. 
• UTSA-16 is good for removing CO2 and also to remove CO so it can make the control of the 

PSA easier. A pre-layer for water will still be necessary like with materials used today.
 

Simulation uF, m s-1 tRIN, s 
aPDEQ1, 

bar 

aPDEQ2, 

bar 
Pur., % Rec., % 

Productivity, 

molH2 kg-1 h-1 

1 0.0529 0 9.16 3.21 99.9902 80.3 3.71 

2 0.0462 65 8.50 2.89 99.9947 94.8 2.78 

3 0.0398 95 8.37 2.80 99.9980 96.7 2.03 

4 0.0460 60 8.61 2.96 99.9991 93.0 2.80 

 



Adsorption isotherm model
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SINTERCAP project

• We have started exploring a new dimension: utilization of 3D printing 
technology. 

• First steps were in 3D printed reactors for continuous synthesis of materials. 
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Next steps: 3D modelling in adsorption processes

• We will soon start 3D-CAPS project (ACT) and CARMOF (H2020). 

• New challenges are coming...
• RAM memory flyes away…

• New solutions will be available. 
• Patent: 20160738 (public soon)



Conclusions
• Adsorption processes could be more popular if they were tought at 

university level. 

• There is a lot about the process itself and not just the material. 

• They generally result in larger footprint but lower consumption. 

• Everything that helps in making them faster helps. Moving beds and 
monoliths can be a major sucess. 
• If monoliths can be 3D printed it might be even better.
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