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Problems with solid sorbents

High cost of steam generation

Slow regeneration / Poor thermal management

Low water tolerance



Our solution

High cost of steam generation

Slow regeneration & adsorption

Low water tolerance

Low-grade heat driven rapid 
thermal swing adsorption

25-75oC cycles

Optimized diffusion/conduction

Water-tolerant materials



Thermal swing adsorption with solid sorbents 
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Thermal swing adsorption with solid sorbents 

𝐶𝐶𝐶𝐶2 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
1

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

Heating/DesorptionCooling/Adsorption



Thermal swing adsorption with solid sorbents 
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?? How to speed up 
adsorption/regeneration



Optimize diffusion/conduction within the sorbent?



Heat exchanger coatings
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100 mbar CO2 RTSA



100 mbar CO2 , 10 mbar H2O RTSA



100 mbar CO2 , 10 mbar H2O RTSA



Coupled heat and mass transfer model for coatings 



Coating properties 

High binder porosity
Fluid flow

Sorbent particle/crystal size
Sorbent pore size

Thermal conductivity
Heat of sorption

Selectivity CO2 vs H2O, N2, O2



Coating properties 

functionalized 
resins

MOFs

silicas



Model validation



Heat vs mass transport

heat transfer limited

mass transfer limited



Conclusions

 Rapid thermal swing is mass 
transport limited if sorbent 
particles are above:

 ~500 nm for MOFs
 2.3 μm for resins 

Mass transport limited

Heat transport limited



Thank you for your attention
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