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Background

Isotherm Model

• Amine-appended metal organic frameworks (MOF) have shown 

promising attributes for post combustion capture (long-term stability, CO2

selectivity, maintained performance under humid conditions) 

accompanied by a unique step-shaped adsorption isotherm.

• Unique isotherms and dynamic sorbent processes present difficult 

modeling and optimization challenges.

Objectives
• Development of an isotherm model for a tetraamine-appended MOF.1

• Development of fixed-bed contactor and moving-bed contactor models.

• Techno-economic optimization of post-combustion capture processes 

from natural gas combined cycle (NGCC) flue gas.

• Weighted Langmuir model extended to multiple adsorption steps.
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• Parameter Estimation.
𝜃: Set of isotherm parameters
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Contactor and TSA Process Models
• Dynamic, non-isothermal, first-principles contactor models (Aspen 

Custom Modeler).

• Mass transfer model developed using experimental fixed-bed 

breakthrough data.
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Techno-Economic Optimization

Cost Model
• Closely follows the NETL costing guidelines.2

• Main costing components:

− Annualized capital cost.

− Fixed O&M.

− Variable O&M (utilities such as steam and electricity).

Optimization Framework
• Connection to derivative-free optimization algorithms within the 

FOQUS tool.3

Results
• Enhanced driving forces due to counter-current flow pattern in the 

moving-bed process reduces sorbent/reactor volume and results 

in lowest cost of capture.
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• Decisions Variables (𝑥).
− Fixed Bed: L, D, tube pitch, FFG, Fsteam, step times.

− Moving Bed: Lads, Dads, Ldes, Ddes, tube pitch, lean sorbent loading. 

Process Models
• Sized to capture CO2 from a 650 MW NGCC plant.2

• Designed for 90% CO2 capture.

• Embedded heat exchangers used to aid in thermal management.

Linear driving force equation:     
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𝑠. 𝑡.

𝑥𝐿 ≤ 𝑥 ≤ 𝑥𝑈 𝑥 → Decision variables

ℎ 𝑥 = 0 Rigorous, first principles models in ACM

𝑔 𝑥 ≤ 0 CO2 capture, velocity constraints, etc.
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