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DAC by Solid-supported Amine Sorbents
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Free Standing Solid-supported Amine Sorbents

1 Advantages of polymeric inorganic/organic hybrid sorbents
« High volume-loading of solid adsorbents (silica particles)
« Macroporous polymer — bicontinuous pore network for rapid CO, mass transport

« Tunable material properties: thermally stable, tunable porosity & hydrophobic

< PEI-ePTFE/silica hybrid sorbent for DAC >
Hydrophobicity

H
—

Expanded poly(tetra
fluoroethylene) (ePTFE)

Immobilized Poly(ethyleneimine) (PEI)
on silica pore surfaces

Cross-sectional image

T

| eRTEE fibrilgys S aip



DAC system with S-TVSA

O Wide range conditions for DAC system O Steam-assisted temperature vacuum swing adsorption

(S-TVSA)
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Effect of Amine Loading

CO, capacity & amine efficiency of PEI-ePTFE/silica
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Changes in CO, capacity and amine efficiency

Simulate various -20°C 5°C 35°C
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Equilibrium Parameters

Dry 002 Isotherms with Toth Model
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Toth isotherm model for CO, adsorption
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Equilibrium Parameters

H20 Isotherm Data
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Kinetic Parameters

Linear driving force approximation for CO, adsorption

CO, adsorption on surface & bulk amine sites
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Process model for laminate contactors

1D transient mass, energy and momentum balance Steam-assisted temperature vacuum swing
with mathematically derived mass transfer model adsorption (S-TVSA) process model
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Bench-scale TVSA DAC system design

Schematic process of air pretreatment system and bench-scale DAC contactor system
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Setup of the Bench-scale DAC system

The physical setup of the DAC system in the laboratory

Air pretreatment system Steam-TVSA DAC system
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Design and dimension of contactor module
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Bench-scale housing

Target desigh and dimension of bench-scale housing (Cross-sectional, 3D view)
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Quick clamp connectors are used to easily connect the housing to the air pretreatment system.
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Summary

The evaluation of PEI-infused ePTFE/silica samples under a lab-scale
fixed-bed setup for subsequent baseline bench-scale DAC system has been
completed.

Detailed mass transfer resistance model and process model for DAC
process using the laminate contactors have been successfully developed.
Both thermodynamics and kinetic parameters of the laminate contactor
have been obtained and modeled.

Process model based on obtained parameters will be simulated and
energy/cost of the process will be evaluated.

The bench-scale steam assisted —TVSA DAC system will be evaluated
under ambient/sub-ambient dry/humid conditions.
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