
 The PSA model was developed  via computational simulation of partial 
differential equations (PDEs) using gPROMS® ProcessBuilder 1.1.0. The 
Linear driving force model was assumed (LDF) [1][2].
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Energy balance in the gas phase:  𝑐𝑝,𝑔(𝑧)
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Linear Driving Force model (LDF):  
𝜕𝑄(𝑖,𝑧)
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Dual-site Langmuir isotherm: 𝑄(𝑖,𝑧)
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Abstract
Pressure Swing Adsorption (PSA) units applied to Integrated Gasification Combined Cycle (IGCC) power plants could offer several advantages compared to
post- combustion capture processes in terms of energy efficiency and capture performance, as the flue gases are at high-pressures and carbon dioxide (CO2)
partial pressures are commonly higher than in post- combustion.
The first stage of the project studied the effect of two types of amine- modified activated carbons, AC-MEA-MDEA and AC-TEPA, properties in the feed
(adsorption) step, using parameter estimation in gPROMS® ProcessBuilder. A uni-bed PSA model was developed to see the effect of the process variables on
the purity of the products. The development of a range of multiple- bed models showed that the duration and the components entering the purge step had the
highest effect on the carbon dioxide purity and recovery.

1. PSA model structure

3. Effect of the Process Variables and Multi- bed Process Modelling

4. Future work
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 A sensitivity analysis of the PSA process variables (Fig. 2A) showed that 
the component feed fractions (Fig. 2B), the feed/ purge pressures and the 
length to diameter ratio of the reactor had the greatest effect on the gas 
product.

 Development of Cyclic Steady State (CSS) and Optimization of the process
variables

 Scale- up of a PSA unit in an IGCC power plant
 Cost analysis and Optimization of the power plant
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Fig. 3. Hydrogen and carbon dioxide product fractions for the 
four- bed multiple bed model with a rinse step.

2. Parameter Estimation using Adsorbent data 

 The parameter estimation was simulated using the Mass transfer coefficient 
as the varying variable for the AC-MEA- MDEA (Fig. 1A) and AC-TEPA 
(Fig. 1B). A good fit was achieved between the experiments and the model.

 The  AC-TEPA (B) experiment showed a greater mass transfer 
coefficient value and, thus, a steeper breakthrough curve.

 The AC-MEA- MDEA (A) had a later breakthrough time of around 3 to 
4 minutes, due to the higher capacity of the adsorbent.

Fig. 1. Parameter estimation results for the MEA- MDEA (A) and TEPA  (B) modified AC’s.

 The multiple bed models for the two, four, and five 
reactor processes showed that a CO2 rinse step before 
a hydrogen purge step is necessary to achieve over 
90% in the purity of the products (Fig. 3).

Fig. 2. Unibed PSA process (A) and sensitivity analysis of the component feed fractions towards the carbon dioxide 
product (B).
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