
Scientific Achievement 
Studied the use of a meso-macroporous polymer as a support structure for PEI to create a CO2
capture sorbent with increased accessibility of CO2. 
Significance and Impact
The importance of combining meso-macroporosity with nitrogen functionality is demonstrated 
as a means to achieve both high CO2 capacity as well as high CO2/N2 selectivity for applications 
in industrial CO2 separations.
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One-step polymerization of divinylbenzene produces a polymeric 
support with abundant meso and macroporosity that enhances 
the degree of exposure and accessibility of amines in PEI to CO2, 
and result in excellent performance for selective CO2 capture.

Facilely Synthesized Meso-Macroporous Polymer as a Support of 
Poly(ethyleneimine) for Highly Efficient and Selective Capture of CO2

Research Details
– Hierarchically nanoporous poly(divinylbenzene) (PDVB) 

was synthesized through a one-step polymerization of 
readily available divinylbenzene (DVB) under 
solvothermal conditions without the use of template or 
catalyst. The synthesized PDVB is found to have 
abundant meso-macropores, and large pore volumes.

– A series of PEI- impregnated PDVB composites were 
prepared and their performance for the selective 
adsorption of CO2 was investigated. The PEI-PDVB 
composites exhibit promising CO2 capacities and 
exceptionally high CO2/N2 selectivities. 

– Extended adsorption-desorption cycling with PEI-PDVB 
composites demonstrated good CO2 capacity and 
stability under both dry and humid conditions.

Presenter
Presentation Notes
Poly(ethyleneimine) (PEI) impregnated adsorbents are promising alternatives to amine-based liquid absorbents for post-combustion capture of CO2. A current challenge is to identify meso- and/or macroporous supports with large pore volumes that can be facilely synthesized from a cost-effective approach as supports for PEI. In this work, hierarchically nanoporous poly(divinylbenzene) (PDVB) was synthesized through the one-step polymerization of readily available divinylbenzene (DVB) under solvothermal conditions without the use of any template or catalyst. The resultant PDVB is found to have distinctive meso-macroporosity and a large pore volume. Considering the simple synthetic route and meso-macroporous structure of this PDVB, it is thought to be a promising PEI support for the selective capture of CO2. With this in mind, different amounts of PEI were incorporated into the inner pores of PDVB via a physical impregnation method, giving a series of composite adsorbents. The PEI-PDVB composites are found to exhibit promising CO2 capacities and exceptionally high CO2/N2 selectivities. Furthermore, PEI-PDVB composites show excellent stability under both dry and humidified sorption conditions during extended adsorption-desorption cycles. Based on the results obtained, these PEI-PDVB composites are identified as sorbents with significant potential for application in practical CO2 capture from industrial gas streams.



One-step synthesis of polymer support with abundant meso and 
macropores for incorporation of PEI

N2 adsorption isotherms at −196°C (A) and pore size distributions (B) of PDVB and PEI-PDVB composites.

Samples SBET (m2/g) Vt (cm3/g) Vm (cm3/g)
PDVB 914 2.05 0.09
0.29PEI@PDVB 224 0.83 0
0.42PEI@PDVB 76 0.45 0
0.58PEI@PDVB 36 0.32 0
0.70PEI@PDVB 3 0.13 0

Solvothermal polymerization of 
divinybenzene provides simple cost-effective 
route to produce a polymer support with 
large pore volume and meso/macroporosity
for impregnation of PEI aminopolymer.
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Addition of PEI increases CO2 sorption and decreases N2 sorption, 
leading to significantly enhanced selectivities

CO2 and N2 adsorption isotherms at 25°C (A) and IAST selectivities of
CO2/N2 (0.15/0.85) at 1 bar (B) of PDVB and PEI-PDVB composites.
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Cyclic adsorption-desorption studies demonstrate stable 
performance in dry and humid conditions

Cycling of CO2 adsorption on PEI-PDVB composites under (L) dry conditions (ads: pure CO2, 25 C; 
des: pure N2, 75 C) and (R) humid conditions (ads: pure CO2 with 10% RH, 75 C, des: pure N2, 75 C.

Materials can be regenerated at lower 
temperatures with full recovery of 
capacity, resulting in a less energy 
intensive separation (typical regeneration 
done at T> 100 C). 

Hydrophobic support (PDVB) helps to 
maintain stability during humid cycling. 
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