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Pressure Swing Adsorption Based Hydrogen Purification Vessel 3D
Modeling and Feasibility Study
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TCorresponding author :
hcju@inha.ac.kr Abstract >> Pressure swing adsorption is a purification process which can get

_ _ pure hydrogen. The purification process is composed of four process: compression,
Ei\fzzzd L;\iz;ui(t),zzlozl adsorption, desorption and discharge. In this study the adsorption process was
Accepted 13 August, 2021 simulated by using the Fluent and validated with experimental results. A gas

used in experiment is composed of Hy, CO2, CH4, and CO. Adsorption process
conducted under 313 kelvin and 3 bar and bituminous-coal-based (BPL) acti-
vated carbon was used as the adsorbent. Langmuir model was applied to explain
the gas adsorption. And diffusion of all the gases was controlled by micro-pore
resistances. The result shows that, the most adsorbed gas was carbon dioxide,
followed by methane and carbon monoxide. And carbon monoxide took the least
amount of time to reach the maximum adsorption amount. The molar fraction of
the off-gas became the same as the molar fraction of the gas supplied from the
inlet after adsorption reached the equilibrium.

Key words : Pressure swing adsorption(Y 2 H = & &t PSA), Multicomponent-gas
(G & 7tA), Adsorption(Z &H),Purification(% K| ), Hydrogen(£4 )
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Table 1. Langmuir isotherm parameter™

—
anmuir H2 C02 CH4 CO

parameters

(Iflgﬁ‘g’ﬂ) 179 | 1818 | 2731 | 1818

bo,i 1.33 3.93 1.61 1.59

(Pa™) x10% | =10 | x10” x10”
AH"‘?? 5926 | 25,036 | 20,266 | 18,694
(I mol™)
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Table 3. Mass transfer coefficient

Table 2. Volume fraction of inlet gas Deserliions Value
Gas % Volume N2 0.56
H 75.89 CO 0.64
COs 17.07 CH,4 0.15
CO 3.03 CO, 0.06
CH, 4.01

SMR-off gas

@ =5mm

Fig. 1. Configuration of PSA bed

Table 4. Properties of adsorption bed

Descriptions Value
PSA bed height 0.13m
Column inner radius 0.005 m
Bed porosity 0.5
Particle porosity 0.312
Particle density 932.7kg m®

Particle radius 45x10*m

Molecular diffusivity 23x10° m* s

Adsorption pressure 2.935x10” Pa

T A R R R R e Wall-to-gas heat transfer coefficient 575 Wm> K’

T SN NS NSNS NSENERSEEERENS IM‘HI
7 Wall-to-surroundir.lg heat transfer 512 Wm2 K
“““““““““““““““““““““““““““““““““““ coefficient

Adsorption pressure 2.935x10° Pa

Fig. 2. Mesh of PSA bed
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Fig. 3. Comparison of mole fractions from experimental data'® and CFD simulation at the exit of PSA bed. (a) Hz, (b) COy, (c) CH, (d) CO.
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Fig. 4. Molar fraction inside PSA bed after 100 s. (a) Hz, (b) CO,
(c) CHs, (d) CO.
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Fig. 5. Molar fraction inside PSA bed after 500 s. (a) Hz, (b) CO»,
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