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Abstract— A rigorous dynamic simulation is performed in binary gas mixture H,/CO(70:30vol%) to improve design
and operation technology of PSA(Pressure Swing Adsorption) processes. As rigorous models of PSA processes include
combined continuous/discrete variables and some PDEs essentially, it is difficult to treat those heterogeneous variables and
solve PDEs exactly. Through the use of the State-Task-Network concept and special numerical techniques such as OCFEM,
those combined PDEs can be solved efficiently in this study. A rigorous dynamic model for a PSA process contains a LRC
model for equilibrium adsorption isotherms, an Ergun equation for expressing the pressure drop in a bed, and valve equa-
tions to compute the boundary pressure change of the bed. As the result of the continuous dynamic simulation of 100
operating cycles, the unsteady-state appears in the early period and the cyclic steady-state come out about 11-13th cycle.
As time goes by, valve equations change the pressure at each end of the bed in pressurization, countercurrunt-depressuriza-
tion and pressure equalization steps. The H, purity and the recovery is 99.99 % and 86.73 % respectively, which is slightly
higher than the experimental data. Main contribution of this study includes supplying fundamental technologies of handling
combined variable PSA processes by developing rigorous models.
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Fig. 1. Modeling and equation solving procedure.

% AN Y AN EE Hofstn 29} =3 TASK
°¥V1 = 3R 2AERS A £4F 1Y3)e] 33" MODELE
< 9743y, 945 MODELEE 53 349 +4 =38 7}‘?&4
[12]. PROCESSO}]/H“ olalgl A olA zeaslh FIESPARRS
sk WS AA s, Ao 23 A0l A O’DES)€ ¥
£ AN Wy So) AEEITh o3| AR Fato] AAE 44
2 ATEL gl ool Hv, Aadd W4Ee} 191 (dimension)d]]
w2t B8 & 5 glojokst Ioi7]. web] mixet dAle ol
RS M, e 33 adEE RYste] 7 Wl ot
548 A7kl g} gH o2 veille AR o] DAl Wr
9 o TR R ENYE £ RS g, 2 54,34 §
o o2 WaE =L golahA wdshe $Ho] oA Aot
£ aAFelA 2744, 33 2 ZE et B 2AF AHE o2
e yehfgict

22. &% 84 malOlg 3

B dTelA FH4st %ﬂxﬂb zeolite SAZ 4] HF9H4 1.57mm
(4-8mesh)?] F3oln], 2838 Axle] vAE Aoz sixelgdct.
PSA 23X BALE 918 3714 HyA £3589 244 248
o H¢} CO9J BHu]7} 70:3091 B3| AE ZF7|A 2 o]&5lg

on FatAe} FAtgke] BA4JE Table 1[10]el] vehigict.

2-3. DAL B U He|
PSA A B2ALE $18 FAHEE Fig. 20 Jehiigich §45ke

Table 1. Characteristics of adsorbent and adsorption bed[25]

Adsorbent

Form zeolite SA(sphere)
Nominal pellet size 4-8 mesh

Average pellet size R,=1.57x10°m
d,=3.14x 10 m
p,=1.16 X 10° kg/m’
C,=9.24x10°J/kg K

Pellet density
Heat capacity

Adsorbed bed

Overall heat transfer coefficient U;=6.174J/m’Ks

Bed length L=1m

Bulk density ps=7.95 % 10° kg/m’
External void fraction 0=0.315

Total void fraction o’ =0.76
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Fig. 2. Schematic diagram and basic steps in two-bed PSA system.
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Table 2. LRC parameter values[10]

H, Co
qn=k+k, X T k,=4.314 k,=5.051
k,=—1.060x 107> ko=—9.054x 10>
B:=k, X Exp(k/T) k,=2.515x10"° k:=1.137x10"*
k,=4.582x 10" k=1.617x10°
n=ks+ky/T k=0.9860 ks=0.5145
ke=4.303x 10" ke=2.565 % 107

q..=[mol/ke], B,=[1/atm], n,=[-], k,=[mol/kg], k,=[mol/kgK],
k=[1/atm}, ke=[K]}, k=[], k=[K]
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Fig. 4. Equilibrium adsorption isotherms for H, and CO.
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Fig. 15. H, concentration distribution at effluent stream.

Table 3. Purity and recovery in each gas(H,, CO)

Comp. | Cycle 1 Cycle 4 Cycle 7 Cycle 15
H, Purity(%) 97.05 99.00 99.72 99.99
Recovery(%) 81.48 85.98 86.42 86.73
(00] Purity(%) 76.22 78.97 79.32 79.58
Recovery(%) 80.14 94.41 96.36 97.71

Products (IV, V step) %

CO Recovery (%) = Feed(l, I step)

100 (20)
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B; :Langmuir constant [1/atm]

C. :icomponent concentration in bulk phase [mol/m’]

Cp... : gas heat capacity [J/kgK]}

Cp, :pellet heat capacity [J/kgK]

C, :valve coefficient [(m’/kg)™’s]

D. : effective diffusivity in zeolite pellet defined by solid diffusion
model [m’/s]

]

: inside diameter of the bed [m]
: outside diameter of the bed [m]
: logarithmic mean diameter of the bed [m]

SRS

: volume flow rate [m’/s]

: heat transfer coefficient for inside of bed [J/m’Ks]

: heat transfer coefficient for outside of bed [J/m’Ks]

: thermal conductivity of gas mixture [J/mKs]

: thermal conductivity of wall [J/mKs]

: proportionality parameter for Nakao-Suzuki model [-]
: bed length [m]

: total pressure [Pa]

s m

TR ESE

o

5

: upstream pressure [Pa]

o
i

: downstream pressure {Pa]
: amount adsorbed [mol/kg]

K]

: equilibrium amount adsorbed {mol/kg]

-av

Bial2s HI36H H2& 19984 43

: isosteric heat of adsorption [J/mol]
: radial distant in zeolite pellet [m]

: gas constant [J/molK]

: radius of pellet [m]

: time {s]

QR R " O

: pellet or bed temperature [K]
T, :temperature of atmosphere [K]

u :superficial velocity [m/s]

U, :overall heat transfer coefficient based on inside area of the
bed [J/m’Ks]

y;  :mole fraction of species i [-]

z : axial distance in bed from the inlet [m]

azloja 2xt

o :intrapellet void fraction [-]
o' :total void fraction [-]

€ : macropore void fraction [-]
p, :gas density [kg/m’]

p, :pellet density [kg/m’]

ps  :bulk density [kg/m’]
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