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Research progress on low—concentration CO, capture by porous

solid—phase adsorption materials

PAN Pengyun', ZHAO Bo’, XIONG Feng', LI Zhefei’, CUI Guokai', KE Quanli', LU Hanfeng" *
(1. Institute of Catalytic Reaction Engineering, College of Chemical Engineering, Zhejiang University of
Technology, Hangzhou 310014, China; 2. Zhejiang TUNA Environmental
Science & Technology Co., Lid., Shaoxing 312000, China)

Abstract; To alleviate the increasingly severe global warming problem and achieve carbon neutrality
goals, the carbon capture, utilization, and storage (CCUS) technology has attracted widespread atten-
tion as an important breakthrough direction. High—performance adsorption separation technology is the
key to the implementation of CCUS technology. For the currently largest and most difficult—to—handle
low—concentration CO, emission, such as direct capture of CO, from air, considering factors such as
capture energy consumption and cost, pressure swing adsorption has obvious advantages over chemical
absorption, membrane separation, or other technologies. The selection of suitable adsorption materials
is crucial. This article reviews several main types of CO, solid porous adsorbents at present stage, inclu-
ding carbon materials, metal —organic frameworks ( MOFs) , molecular sieves, amine—modified solid
porous materials, and polyionic liquids, expounds their related research progress and existing problems
in CO, capture process, and briefly introduces the subsequent industrial applications. The issues for
current low concentration CO, capture technologies to be addressed are associated with the adsorbent re-
generation and diffusion problems and the prospects for the conversion and reuse process of

captured CO,.
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Fig. 1 Global CO, emissions in recent decades'"
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Table 1 Part of carbon dioxide emitting sources'™

Location CO, content Chemistry Physics
0.04%CO,
400 ppm 78%N,
1 bar
Air 16 Gtyr™" excess 20%0,
—-60~60 °C (troposphere )
3 172 Gt total 1%Ar
1%H,0
12% ~ 15%CO,
1 bar
70% ~75%N,
Power plant fumes 32 Gt yr~! 40~75 C
4% ~6%H,0
0.3~1 kg - kWh™!
4%0,
14% ~33%CO0,
50% ~70%N, 1 bar
Cenment factories 2 Gt yr™!
5% ~10%H,0 40~75 C
10%0,
4% ~5%CO0,
1 bar
78%N,
Human respiration 2.6 Gt yr™! 30~35 C
5%H,0

1 kg(day * person) ™!
13% ~16%0,
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Fig. 2 Application of carbon materials in CO, adsorption
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Fig. 3 Adjust the pore size by isomorphic substitution
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Fig. 4 Preparation of hydrophobic shell'*
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Fig. 5 Adsorption properties of CO, by different
MOFs (298 K, 1 bar) "
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Fig. 6 Adsorption behavior of CO, on MOFs under wet and dry conditions'”’
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Fig. 7 Composite of MOFs and graphene
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Fig. 8 The defect engineering strategy to fabricate COF membranes
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Fig. 9 Flow chart of grafting
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storage three—stage cycle coupling technology
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