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Simulation and analysis of radial flow vacuum pressure swing adsorption
oxygen production

WANG Jinhao, LI Ziyi, TANG Zhongli, LI Wenbin, ZHANG Donghui

(State Key Laboratory of Chemical Engineering and Low—carbon Technology, School of Chemical Engineering and
Technology, Tianjin University, Tianjin 300350, China)

Abstract: Oxygen is a fundamental substance for life and an important industrial raw material. Pressure swing
adsorption technology , with its low energy consumption, simple equipment, and flexible setup, is widely used in air
separation oxygen production processes. With the expansion of the scale of oxygen production, the advantages of
radial flow adsorber bed pressure drop reduction, small footprint and easy expansion of production scale are
highlighted. However, there is a lack of detailed analysis and research on the oxygen production of radial flow
adsorber. Therefore, a strict mathematical model of radial flow vacuum pressure swing adsorption process was
established. Based on the two—bed eight—step process, air (N,/O,/Ar=78%/21%/1%) was used as the feed gas and
LiLSX molecular sieve was used as the adsorbent. The effects of adsorption time, pressure equalization time, purge
feed ratio and feed flow rate on the process performance were investigated. The pressure at the outlet of the adsorber

and the temporal and spatial distribution of the temperature and concentration in the bed were analyzed when the

R BH: 2025-08-07  fEEIEH: 2025-09-25

BEMEE: KARME(971—), 5 RIFFFE L, donghuizhang@tju.edu.cn

E—1EE. FH5(2002—), 5 w0584 ,wangjinhao@tju.edu.cn

BEWHE: EEKARFZILEIH (22478282)

SIRZARSL: FEPER, 75, IR, 250, TRAKE . 42 ] Ui 25 28 R B 1 80BS540 WP 01, Ak 12431, 2026, 77(1): 218-227

Citation: WANG Jinhao, LI Ziyi, TANG Zhongli, LI Wenbin, ZHANG Donghui. Simulation and analysis of radial flow vacuum pressure swing
adsorption oxygen production|J]. CIESC Journal, 2026, 77(1): 218-227



A

www.hgxb.com.cn + 219 -

process reached the steady state of the cycle. The simulation results show that when the purity and recovery of O,

are 92.74% and 61.88%, respectively, the productivity is as high as 121.10 m’-h™'+t"', and the energy consumption

is as low as 0.327 kWh-m™ O,. Compared with the existing axial flow process, this process has lower energy

consumption and significantly improved productivity. This study can provide preference for the process

improvement of radial flow adsorber.

Keywords: radial flow adsorber; vacuum pressure swing adsorption; air separation; oxygen production; numerical

simulation
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Table 1 Requirements for oxygen purity and scale of

oxygen consumption in different industrial application
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Schematic diagram of the oxygen production system
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Table 2 Boundary conditions for adsorbers in different

states
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Table 3 Calculation of performance indicators

b e
J‘M Foul youl.idt
4li fig o M
[ F@
0
[ F oy
)&  —
f Fiy,de
0 :
fi "F Y owidt
RS [, Fuwrst
toyteW s
fieFE dW =KV, (pou = Pin )/npam

W, = f ;"“de

2 ITZmBEHEE

725 s W o o) AT 20 AR TR 1 B A
S W 6 A8 ot R LR LA R % £ 43 R W e 14 22
SN, 0,40 B o e BRERAE K 1 R, vl 43
PSA T.Z M VPSA T. 25, Hirfr, VPSA T2 R 51
1= RBFE AR, 36 A KRBT A ¥ D TR Re
DS 5 3 38 43 O, S LA BE , AT 4 T T 2l
IE AR BERE , 2E 3l 15 7R VPSA il & T. 25 h 330 2
SR T, AR SCBE T T 2 85 8 B AR M i
VPSA il T 25, 58 B R T A FE AT (FR) |
WG B (AD) 3 B (ED) (il H 25 (VU) L H 25 A
(PUR) LA ETH(ER) i 2, T AR P W& 4, %25
BROVTEAHEIR T .

IR RIZE | % RS XML RS 22 S
[F] i R AT R IR)ZE 2 S RS 52
M HA . IR 2, IR)ZE L i AR B, Ak
S LU E , WA 10 K2 N 3 5 K= 2 i A

x4 IEZHRE

Table 4 Sequence of the process

Step Bed 1 Bed 2 Time/s
1 FR VU 4
2 AD VU 4
3 AD PUR 4
4 ED ER 2
5 VU FR 4
6 VU AD 4
7 PUR AD 4
8 ER ED 2
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Table 5 Extended Langmuir 2 fitting parameters for N,,

0,, and Ar on LiLSX molecular sieves'’
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IP/K 1612 441.3 450.6
AH/(kJ-mol™) -23.43 -13.22 -12.65
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Table 6 Adsorber parameters and adsorbent
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Fig.2 Pressure variation at bed 1 of the VPSA process
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Table 7 Comparison of different PSA oxygen production processes

T RS BBt LB/ (m?-h™) /% PR I% EERE S/ (m? b ) fEFE/(kWh-m™ 0,)
AL ki 30000 92.74 61.88 121.10 0.327
2856 VPSA Al 19800 93.00 58.35 87.66 0.344
2858 VPSAP Al 270 90.00 62.60 — 0.550
2% 84 PSAHY LTGRO — 92.57 43.79 101.61 1.030
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