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Background

Isotherm and Kinetic Model

• Evaluate potential alternatives to solvent capture technologies

• Non-traditional solid contactors can address mass and heat transfer 

limitations of fixed beds

• Worldwide use of natural gas usage expected to overtake coal in near 

future

• Mg2(dobpdc)(3-4-3) is a promising sorbent for NGCC CO2 capture1,2

Objectives
• Development of a rotary packed bed (RPB) contactor model

• Multi-objective optimization of energy requirement and productivity

• Weighted Langmuir model extended to multiple adsorption steps:
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Fit to Experimental Data

RPB Contactor Model
• Dynamic, non-isothermal, first-principles model developed in 

Pyomo3

• Conceptual embedded heat exchanger design to supply/remove 

the heat needed for regeneration/cooling

Modeling Equations

Design Optimization

Optimization Framework
• Generation of pareto front for multi-objective optimization of 

energy requirement and productivity

• CO2 capture fixed to 95%

Results

• Decisions Variables (𝑥): Bed Length, adsorption temperature, 

desorption temperature, section fractions, steam flow rate

𝑚𝑖𝑛
𝑥

 𝑓 𝑥 Multi-objective optimization with weighting parameter:

α•Energy Requirement – (1-α)•Productivity

𝑠. 𝑡.

𝑥𝐿 ≤ 𝑥 ≤ 𝑥𝑈 Decision variable bounds

ℎ 𝑥 = 0 Modeling eqs. (mass balances, energy balances, etc.)

𝑔 𝑥 ≤ 0 Velocity constraints, etc.
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Validation for non-reactive rotary air preheater system4

• Linear driving force equation:     
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RPB Configuration
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