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Abstract: Liquid air energy storage (LAES) represents a nascent, large-scale physical energy
storage technology that offers high energy density, environmental benignity, and site-selection
flexibility. LAES has gained significant attention as an effective approach for satisfying peak-
shaving requirements in power systems. During system operation, high-boiling point
impurities, such as atmospheric water vapor (H,0O) and carbon dioxide (CO,), tend to undergo
condensation, desublimation (frosting), or deposition within the system, thereby concurrently
compromising operational efficiency and inducing flow-channel blockage and potential
operational failures. Adsorptive separation presents a promising solution to these challenges,
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offering a favorable balance between operational simplicity and high purification efficiency.
The performance of the adsorption bed, as a critical unit of the LAES pretreatment system, is
fundamentally governed by the synergistic effect of the physicochemical properties of the
adsorbent and the structural design of the bed. This paper presents reviews of recent
advances in various adsorbent classes, including activated carbon, molecular sieves, metal-
organic frameworks, zeolites, silica gel, and composite porous materials. The reviews also
compare their specific surface areas, hydrophilicity, and low-temperature-adsorption capacity
to assess the suitability of the materials for H,O and CO, capture, as well as discuss methods
for tuning and optimizing adsorbent properties. Subsequently, recent advancements in axial-
and radial-flow adsorption beds are systematically explored, highlighting their structural, flow-
and pressure-field, and adsorption-performance differences, as well as the corresponding
structural optimization strategies. The findings provide theoretical guidance for optimizing
adsorption processes in LAES systems.
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Liquid air energy storage process
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Fig. 2 Flowchart of air purification double tower operation

L AT A AR F) 2 T XAl 9 PR B PSR A 7
TR o JEER, X W B A LRI, B P f F 78
FARMAELL R =71 . OBCHERR, a5E)E
BH 1 B IR S . 20 s LA A B 5
PR BT A5 . % fF) it PR s S A AL, B I PR I
FERITE b, Bt R THR B S VE 1 o A g, BF
FAF IR R SNEM R ZBCE . AR 7B 25
Zir A, BRI FUAR I i A 4 AN [ 3
&, AR AR B R A5 . AR T BL E =45

T 5 [ P 5 T BRI 5 G 9 182 2 9
HERE, 0k BRI AR B PR B RV B A 5 3 e
ST,
(A

WM RHERS T BB RGP T EH TR
AL PR 5 3R, & F A H,O W B 7 B 56 . fi
oo BN TR TR AL AR LR A B & FLb
B, B4 HLO W5 R LU B S5 R 1.

#1  HOMRMF R ERMEREFE S

Table 1 H,O adsorbent and its adsorption temperature and pressure

%' W B3] LR H AR /(Mm% g) 25°C iR KW PH 25 5/(g/g) W B 5 SR

1 Alcan AA200X 295 1.1 H,O Desai %®. 1992
2 Alcan AA300 325 0.35 H,0 Desai %®. 1992
3 Alumina 329 0.396 H,0  Cardenas%.2022
4 Fuji Davison Type 3A silica gel 650 0.35 H,0 Ng Z:%, 2001
5 Fuji Davison Type RD silica gel 650 0.4 H,0 Ng £, 2001

6 Emm-8 879.63 0.35 H,0 Liu 251", 2022

7 0.5HZSM-5@Mg/DOBDC MOF 621.70 0.7025 H,0/CO, Cui%4l", 2024
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Table 2 CO, adsorbent and its adsorption temperature and pressure

£ R B 51 WEBRHIREZ/C B I Jy/bar I I SRR

1 Zeolite 13X 25 1.6 Co, Cavenati %5"%. 2004
2 Na-Y 25 5 Co, Harlick 21'%. 2003
3 5A 25 1 Co, Lozinska %%, 2020
4 Merlinoite zeolite 25 1 Co, Georgieva 25", 2019

Zeolite 13X,

Aldrich zeolite CaX,
Siliporite zeolite NaY, . .
5 Zeolyst zeolite 4A, 30 1 C,H,/CO,/N,/Ar mixtures Van Zandvoort %', 2024
Acros zeolite 5A,
Acros activated carbon

Zeolite CaA, . .
6 Zeolite AgA 30 5 C,H,/C,H/CO,/N,/Ar mixtures Van Zandvoort 4%, 2018

Zeolite NaA, y
7 eotre Tar, 25 1 CH,/CO,/N,/He mixtures Neishabori Salehi %, 2018

Zeolite clinoptilolite
CO,/He, CH,/He,
8 Binderless zeolite 5A 35 4 N,/He, CO/He, CH,/CO,, N,/CO,, CH,/N, Mendes %%, 2017
mixtures
9 BPL activated carbon 25~65 3 H,/CO,/CO/CH, mixtures Brea %", 2017
28 3.2
10 Zeolite 13X 50 5 CO,, CH,/CO,/N, mixtures Cavenati %7, 2006
1 Carbon fiber composﬁe 25 1.01 COZ/C.HA, Burchell 2. 1997
molecular sieve H,S/H, mixtures

12 Zeolite clinoptilolite 35~65 1 CO,/N, mixtures Joss %P4, 2012
13 Activated carbon AP360 25 1~10 CO,/H, mixtures Delgado %%, 2014
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Fig. 3 Structural optimization of axial flow adsorption beds: (a) Inclined adsorption layer®; (b)—(d) inlet

[32,40-41].

airflow distributor’ ; (e) double-layer adsorption bed"?; (f) triple-layer adsorption bed
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Fig. 5 Structure optimization of radial flow adsorption bed: (a) Vertical radial flow adsorber™; (b) different design
methods of conical channels in radial centrifugal beds®™; (c) parallel channel radial adsorber*™;
(d) Q-shaped stepped radial flow adsorption bed®™; (e) CPZ vertical radial flow adsorber®”; (f) parallel radial adsorber™
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