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Motivation
 Due to the environmental issues that the world faces today, there are

significant interests to develop materials capable to capture CO2 with
optimal performances.
 Solid materials are potential candidates for CO2 sorbents. By combining

the database mining with ab initio thermodynamic calculation, we
implemented a novel theoretical methodology to screen solid sorbents
from known material databank and to synthesize new materials with
improved CO2 capture capabilities for further experimental validations.
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The chemical potential (∆μ) of the reaction can be calculated as:

Theoretical Methods
For the reaction of a solid to absorb CO2([...] are optional):

• GCO2, SCO2, and GH2O and SH2O evaluated from statistical mechanics;
• ∆EDFT are calculated by density functional theory;
• ∆EZPE, ∆SPH(T) and ∆FPH(T) evaluated through phonon dispersions.

High-Throughput Screening Methodology
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• 21 reactions for alkali and alkaline metal oxides, hydroxides and bicarbonates capture CO2; 

• After filter I, only 10 reactions left; After filter II, only 4 solids were selected which  are in 
good agreement with experimental data. ↔ validation our method.

A. Intensive search for thermodynamic properties of solids from known 
databases and literatures. If all of them are known, obtain the better 
candidates by minimizing free energies based on operating conditions.

B. If their thermodynamic properties are unknown, calculate by 

where

Heat of Reaction

Thermodynamic Properties of Capture Reaction

∆μ-T-P Relationships 
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 Na2CO3 + CO2 + H2O = 2NaHCO3

 Na2O + CO2 = Na2CO3

 2NaOH + CO2 = Na2CO3 + H2O
 Na2O + H2O = 2NaOH
 Na2CO3 + CO2 + H2O = 2NaHCO3 HSC
 2NaOH + CO2 = Na2CO3 + H2O HSC

Na2ONaOH

Na2CO3

Filter II NaHCO3/Na2CO3
K2CO3/KHCO3, 
MgO, Mg(OH)2

better Candidates

Filter I
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Filter III

Best Candidates
with Rank:

1. MgO
2. NaHCO3/

Na2CO3

 Our theoretical approach can obtain similar results as experimental
measurements and can be used to identify better candidates.
The strength of our method is to screen complex sorbent materials for which

their thermodynamic properties are not available.
Hundreds of solid materials have been investigated. Now, we are working on

screening of multi-components, substituted, doped, and mixed materials to
search for good CO2 sorbents.
By mixing/doping different solids, we can theoretically synthesize new materials

which may fit the industrial operating conditions with optimal CO2 capture
performance.
As a long time goal, we’ll build a database of solid sorbents for CO2 capture to

satisfy industrial operational requirements.

Phase-diagram 

M2O, NO, M2CO3
MHCO3, MOH, N(OH)2

M=Li, Na, K
N=Be, Mg, Ca, Sr, Ba

MHCO3/M2CO3, MOH,
NO, N(OH)2
N=Be, Mg, Ca

Good Candidates
Solids

Application to Alkali and Alkaline Metal Materials 
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Van’t Hoff Plot

I. Mixture A/B Sorbents (TA>TB) using A  capture CO2 by decreasing TA

Synthesis New Sorbents to Fit Operation Needs

II. Mixture A/B Sorbents (TA>TB) using B capture CO2 by increasing TB

III. Doped Solid Materials to Adjust Turn-over Tt
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MgO + CO2 + N2CO3 = N2Mg(CO3)2, (N=Li, Na, K, Ca)
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• By mixing SiO2/ZrO2 (B) into Li2O (A) to form lithium silicates (zirconates), the turn over Tt of the newly formed material is lower than TA.  By 
adjusting ratio of A and B, the Tt could be shifted into the range which a particular CO2 capture technology needs.  
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• By mixing alkali oxide (or carbonate) (A) into MgO (B), after capturing CO2, the double salt is formed. Such CO2 capture reaction has a higher 
Tt than TB. By adjusting the type of A and the ratio of A/B, the Tt could be increased into the range to best fit the CO2 capture technology needs.  

Conclusions


